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Abstract: Malnutrition, frailty and sarcopenia are becoming increasingly prevalent among communitydwelling older adults; yet are often unidentified and untreated in community settings. There is an
urgent need for community-based healthcare professionals (HCPs) from all disciplines, including
medicine, nursing and allied health, to be aware of, and to be able to recognise and appropriately
manage these conditions. This paper provides a comprehensive overview of malnutrition, frailty and
sarcopenia in the community, including their definitions, prevalence, impacts and causes/risk factors;
and guidance on how these conditions may be identified and managed by HCPs in the community. A
detailed description of the care process, including screening and referral, assessment and diagnosis,
intervention, and monitoring and evaluation, relevant to the community context, is also provided.
Further research exploring the barriers/enablers to delivering high-quality nutrition care to older
community-dwelling adults who are malnourished, frail or sarcopenic is recommended, to inform
the development of specific guidance for HCPs in identifying and managing these conditions in
the community.
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1. Introduction
Australia and New Zealand (ANZ) have ageing populations, with the number of
people aged ≥ 80 years expected to increase by >200% by 2050, totalling > 510,000 New
Zealanders and 2.8 million Australians in this age group within the next 30 years [1,2].
This is likely to result in an increased prevalence of age-associated conditions such as
protein-energy malnutrition, frailty and sarcopenia; common and overlapping problems
impacting the functional and health outcomes of older adults that are often left unidentified
and untreated in community settings [3]. Consequently, these conditions lead to increased
healthcare costs, with malnourished, frail and/or sarcopenic individuals requiring more
health care professional (HCP) consultations, hospitalization, health care monitoring and
treatments [4,5]. While these conditions are traditionally recognised and treated in hospital,
not all community-dwelling adults are hospitalised; and being a short period in a person’s
life, hospitalisation is usually insufficient to correct malnutrition or associated conditions.
As patients are acutely unwell while hospitalised, it may also be difficult for them to engage
in care discussions or implement nutrition advice. Therefore, there is an urgent need for
HCPs from all disciplines, including medicine, nursing and allied health, to understand,
recognise and act on suspected malnutrition, frailty and sarcopenia among communitydwelling older adults. This review will focus on malnutrition, frailty and sarcopenia in the
ANZ community, covering their prevalence, impacts and risk factors; as well as the steps
for identifying and managing these conditions in this setting.
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2. Methods
We conducted a narrative review to synthesize and integrate research published to
date on the topics of malnutrition, frailty and sarcopenia, in order to describe the problem
and identify possible management strategies [6]. Several databases were searched to identify relevant studies: Google Scholar, Medline, PubMed, and Scopus. Search terms such
as “malnutrition”, “frailty”, “sarcopenia”, “community”, “older adults”, “nutrition care”,
“Australia”, “New Zealand” and “review” were used in various combinations to capture
relevant studies. Forward and backward citation tracking was also performed on relevant
literature to maximize retrieval of eligible evidence. Our focus was on summarizing original evidence reported by peer-reviewed Australian and New Zealand studies considering
the contextual nature of disease and treatment. However, relevant published reviews synthesizing international literature in this area were also captured to improve the robustness
and generalizability of our conclusions. A date restriction (published ≥ 2010) was in place
to capture and summarize the evidence for prevalence literature only. Restrictions were not
imposed on study design or study quality. The six items of the scale for quality assessment
of narrative review articles (SANRA) were used as a guide to inform our methodological
approach and to report the findings [7].
3. The Concepts of Malnutrition, Frailty and Sarcopenia
3.1. Protein-Energy Malnutrition
Protein-energy malnutrition (PEM) is common among elderly adults and people with
chronic illness. It is a result of insufficient energy and protein intake to meet the body’s
needs, causing weight loss and wasting of muscle and fat stores [8]. Historically, there
is a lack of consensus on the definition of malnutrition and which clinical indictors are
important for its identification. Consequently, international nutrition societies such as
the European Society for Parenteral and Enteral Nutrition (ESPEN) [9] and The American
Society for Parenteral and Enteral Nutrition (ASPEN) [10] have developed their own sets of
criteria for diagnosing malnutrition. While both bear similarities, the clinical indictors used
to operationalise PEM differ. Recently, the Global Leadership Initiative on Malnutrition
(GLIM) criteria were developed in an attempt to standardise the diagnosis of malnutrition
so that its prevalence, interventions and outcomes can be compared internationally [11].
Despite their differences, all three methods recognise PEM as a syndrome resulting from a
lack of uptake and/or intake of nutrition, leading to altered body composition, attenuated
physical and mental function, and poorer clinical outcomes [12].
3.2. Frailty
Frailty is a state of diminished physiological reserve, where the body is unable to
resist minor stressors, leading to adverse health outcomes [13]. Pre-frailty, which represents
an intermediate level of elevated vulnerability, refers to the transitional state between
robustness and frailty [14]. Not everyone will develop frailty, and an individual’s severity
or risk status can change [15]. The Fried Frailty Phenotype (FFP) and the cumulative
deficits approach are two common approaches used to define frailty [16]. The former is
characterized by the presence of three or more physical characteristics (weakness, decreased
endurance, slow performance, exhaustion, weight loss) that are often (but not completely)
unique and separate from comorbidities and disability alone [13], while the latter approach
views frailty as related to the accumulation of various deficits (e.g., mental, social, and
physical factors), rather than a one-dimensional set of criteria [17]. The predictive validity
for adverse health outcomes has been shown for both approaches [18].
3.3. Sarcopenia
Sarcopenia is an age-related skeletal muscle disorder characterized by loss of lean mass
and function [19,20]. Chronic inflammation, loss of α-motor neurons, redox imbalance,
altered hormonal status and myocyte autophagy, muscular mitochondrial dysfunction,
accelerated apoptosis of myonuclei and impaired satellite cell function are considered the
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major factors contributing to age-related muscle wasting. Given many of these factors are
associated with ageing, sarcopenia is often framed as a geroscience condition [21]. There
are several widely employed definitions for sarcopenia including those from European
Working Group on Sarcopenia in Older People (EWGSOP1, released in 2010 [22]; and
EWGSOP2 released in 2019 [23]) and the US Foundation for the National Institutes of
Health (FNIH) [20]. The EWGSOP1 definition uses an algorithm comprising of gait speed,
muscle mass and handgrip strength, with cut-off points dependent upon individuals’ demographics to determine sarcopenia severity, with an emphasis placed on muscle mass [22].
This definition was recently updated (EWGSOP2) to replace muscle mass with muscle
strength as the primary indicator for probable sarcopenia [23]. Alternatively, the FNIH
definition uses a data-driven process, derived from several cohorts of community-dwelling
older persons, to identify criteria for clinically relevant weakness (i.e., low grip strength),
slowness (i.e., low gait speed) and low appendicular lean mass [20]. Sarcopenia can be
identified as low muscle mass with low grip strength using the FNIH definition [20], or
slowness with weakness and low lean mass (for severe sarcopenia) as per EWGSOP definitions. Although these three definitions use different strategies and cut-off points, they
all recognise that the measurement of muscle mass and quality is the confirmatory step to
indicate the presence of sarcopenia.
3.4. Overlap between Malnutrition, Frailty and Sarcopenia
Although PEM, frailty and sarcopenia are distinct from each other, there is overlap
and synergy between the conditions [24]. For example, frailty and sarcopenia are related
syndromes, sharing features in common such as lower lean mass and reduced physical
function [22]. Malnutrition plays a key role in the pathogenesis of both these conditions
and vice versa [25], demonstrating the complex and synergistic relationship by which each
condition is accelerated by the next.
4. Prevalence of Malnutrition, Frailty and Sarcopenia
The prevalence of malnutrition among ANZ community-dwelling older adults ranges
between 1% and 17%; and between 4% and 63% are at risk for developing malnutrition [26–37]
(refer to Table S1 in Supplementary Files). Several tools were used to assess malnutrition
in studies, with the modified Seniors in the Community: Risk Evaluation for Eating and
Nutrition questionnaire (SCREEN© II) among the most common. The use of different
tools, coupled with the population studied, may explain the differences in malnutrition
prevalence reported across studies. Indeed, a recent study that used secondary data
analyses from 11 European and one New Zealand study encompassing over 5000 older
adults demonstrated higher malnutrition rates in adults > 80 years, in women, and in
those with one or multiple morbidities; and prevalence differed by geographic location
and tool employed [38]. The criteria used to identify malnutrition appear to strongly affect
prevalence, highlighting the importance of considering each criterion separately, as each
may indicate a nutritional problem.
Prevalence of frailty and pre-frailty among ANZ community-dwelling older adults is
estimated to be between 2–29% and 41–54%, respectively [16,39–44] (Table S1). Frailty rates
appear higher among Australian women (18–29%) than men (6–21%). While the Modified
Fried Frailty Phenotype (FFP) appears to be the most common approach, a number of tools
were used to assess frailty. This, in conjunction with the population screened (e.g., men to
women ratio), may help explain differences in findings between studies. In fact, one study
reported minimal agreement between four different frailty measures; 35% of participants
were identified as frail by only one measure, 9% by two measures, 3% by three measures,
and <1% by all four measures [43], illustrating how the criteria or tools used to identify
frailty can greatly impact its diagnosis.
The prevalence of sarcopenia is estimated between 1% and 24% among communitydwelling older Australian adults and appears to vary depending on the diagnostic tool
used [44–49] (Table S1). Two studies explored the level of agreement between various tools

Nutrients 2021, 13, 2316

4 of 26

within their participant sample; Sim et al. (2019) found four sarcopenia definitions differed
substantially: FNIH (9%), FNIH2 (12%), EWGSOP1 (24%) and EWGSOP2 (11%) [46].
Meanwhile, Sui et al. (2021) found moderate agreement between EWGSOP1 and EWGSOP2,
and poor agreement between FNIH and EWGSOP1/EWGSOP2 [47,48]. Poor agreement
between EWGSOP1 and FNIH is well documented [50,51]. The prevalence of frailty and
sarcopenia in combination was explored in only one study, which demonstrated that people
with frailty are likely to have sarcopenia, but not all people with sarcopenia are frail [44].
International studies have reported similar findings [52,53].
5. Impact and Effects of Malnutrition, Frailty and Sarcopenia
Malnutrition, frailty and sarcopenia have serious consequences at an individual and
societal level. Malnutrition adversely impacts the body’s healing process and increases a
person’s risk of functional decline [54], infections [55], falls [56,57], pressure injuries [58],
hospitalisation [35,54], institutionalization [54] and mortality [35]. In turn, these adverse
events negatively influence an individual’s quality of life, especially in elderly persons,
and that of their families, and substantially contribute to acute and long-term healthcare
costs [59]. Similarly, the consequences of frailty and sarcopenia include increased risk of
falls and fractures [60], disability [45,60,61], poor quality of life [62,63], and mortality [44,45,64].
Importantly, a recent study reported that frailty and sarcopenia in combination are over
three times more predictive of mortality than either condition alone in older communitydwelling adults [44]. At a societal level, frailty and sarcopenia lead to higher costs [4,5]
and increased use of health care resources, such as HCP consultation/monitoring [5],
emergency department visits hospitalization [65], and institutionalisation [45]. Although
cost estimates for the Australian population are not available, increasing life expectancy
indicates that frailty, sarcopenia and malnutrition are a growing economic burden.
6. Causes/Risk Factors of Malnutrition, Frailty and Sarcopenia
Causes of PEM, frailty and sarcopenia in older community-dwelling adults are multifactorial and interrelated (Table 1). While many factors have been correlated with PEM in
community-dwelling older adults, and are thus suspected to be determinants of malnutrition, much of this evidence has been generated from studies with limited ability to make
causal inferences. As a result, contradictory findings have been reported. For example,
a recent review of 35 studies reported conflicting evidence for dental status, swallowing,
cognitive function, depression, polypharmacy, constipation and periodontal disease being determinants of PEM in older adults [12]. Despite this, moderate to strong evidence
for an association with PEM have consistently been reported for several modifiable and
non-modifiable determinates, including poor appetite [12,66,67], hospitalization [12,31,67],
poor self-reported health [12,66,67] and increasing age [31,36,66]. Further, moderate quality evidence suggests chewing difficulties, mouth pain, gum issues, visual and hearing
impairments, smoking status, alcohol consumption and physical activity levels, complaints
about taste of food and specific nutrient intake are not determinants of malnutrition [12].
Similarly, several modifiable and non-modifiable determinates are consistently associated with the development of frailty and sarcopenia. Nutrition is acknowledged as a major
modifiable risk factor in the context of frailty and sarcopenia. Five previous systematic
reviews have been conducted on the association between nutrition and frailty [68–71] or
sarcopenia [73]. Further, international studies have reported that malnutrition is associated
with a fourfold and fivefold higher risk of developing sarcopenia [78] and frailty [79],
respectively. Several factors might be responsible for this close relationship, including
oral health [71], nutritional status [68], diet quality [68,73], the antioxidant capacity of the
diet [68,70] and protein intake [68,69]. Of interest, the psychological and social factors impacting frailty and sarcopenia have been studied to a limited extent. Lastly, non-modifiable
determinants such as increasing age is associated with the development all these conditions [15,16,31,36,44,47,66,80], while evidence for the role of gender remains contradictory.
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Table 1. Risk factors for malnutrition, frailty and sarcopenia in older community-dwelling adults.
Domain

Malnutrition

Frailty

Nutritional

Poor appetite [12,66,67]
Poor dentition [67]
Dysphagia [36,66]
Low intake of milk/milk
alternatives [32,33]
Food avoidance [33]
Eating alone [32]
Finding meal preparation
a chore [33]

Being malnourished [68]
Low protein intake [68,69]
Poor diet quality [68]
Poor dietary antioxidant
intake [40,68]
Higher DII®scores [70]
Low number of teeth [71]
Poor masticatory function [71]

Physical function and form

Lower BMI/BW [36]
Eating dependency [12,66]
Poor physical function
[12,34,66]
Difficulty walking/climbing
stairs [31]
Unhealthy gait speed [36]
Perceiving weight more than
is [32,33]

Higher BMI [15,42,74]

Psychosocial

Living alone, widowed,
divorced, separated or single
[31,34,76]
Dementia / cognitive
decline [66]
Loss of interest in life [66]
Depression [34]

Widowed, divorced or never
married [16]

Disease and care

Hospitalization [12,31,67]
Parkinson disease [66]
Constipation [66]
Having no diabetes [67]
Poor self-reported health
[12,66,67]
Polypharmacy [66]

Hospitalization [41]
Multimorbidity [15,42,44]
Polypharmacy [39,44,77]
High mean DBI [39,77]
More likely to have visited a
HCP prior to a problem [41]

Demographic

Increasing age [31,36,66]
Low income level [76]
Low educational level [34,76]
Women [34]

Increasing age [15,16,42,44]
Women [16,42,44]
Low educational level [44]
Men [15]

Sarcopenia

Low protein intake [72]
Poor diet quality [73]

Sedentary behaviour [75]

Increasing age [44,47]

ANZ: Australian and New Zealand; BMI: Body mass index; BW: body weight; DBI: Drug Burden Index; DII®: Dietary Inflammatory Index;
HCP: health care professional. Only findings generated from original ANZ studies and reviews of international literature are summarised.
Note: References [12,66–73] are reviews of international literature.

7. Addressing Malnutrition, Frailty and Sarcopenia Using the Nutrition Care Process
The Nutrition Care Process (NCP) is a standardised model used to guide HCPs in
providing consistent and high-quality nutrition care [81]. It involves four main steps: (1) nutrition assessment and re-assessment, (2) nutrition diagnosis, (3) nutrition intervention,
(4) nutrition monitoring and evaluation, as well as (a) precursor (screening and referral) and
(b) follow-up (outcomes management) steps [81]. While this process is specific to nutrition
care, frailty and sarcopenia are closely related to and intertwined with malnutrition; hence,
we propose that the NCP steps can be applied to all three conditions, using tools and
approaches appropriate to each. This section will outline the process for identifying and
managing malnutrition, frailty and sarcopenia in the community.
7.1. Screening and Referral
The importance of identifying malnutrition, frailty and sarcopenia in the community
is clear when considering their impacts on patients and health services. Screening is a
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preceding step to the NCP that allows HCPs to recognise and prioritise at-risk patients
so they can be formally assessed and managed or referred to other HCPs. It involves
using a validated screening tool to determine a patient’s risk of having one or more of
these conditions. There are several valid and reliable tools available for use in clinical
and community settings (see Table 2). Screening tools can be used by any HCP and
should be selected based on their practicability and reliability in the intended setting [3].
Screening tools are readily available online; however, if a practice setting does not use
formal screening tools routinely, HCPs can use informal methods (such as recognising risk
factors; Table 1) to identify and prioritise at-risk patients for referral to appropriate HCPs.
Table 2. Malnutrition, frailty and sarcopenia screening tools—validity in community settings.
Name

Description

Validity in
Community Setting

Recommendation/Comment

Malnutrition screening tools

Determine your Health Checklist
(DETERMINE)

Malnutrition Universal Screening Tool (MUST)

Mini Nutritional Assessment-short form
(MNA-SF)

Malnutrition Screening Tool (MST)

Self-completed,
10-question survey
assessing dietary
intake, nutrition impact
symptoms, health
conditions,
medications,
social/economic
factors, weight changes
and functional
status [82].

Reported criterion
validity show 75–91%
sensitivity and 11–54%
specificity; however
few studies used
appropriate reference
standards [83].

Designed to assess
nutritional status among
community-dwelling older
adults [82]; however
predictive validity in
community setting is poor
(unable to predict mortality,
hospitalisation, or weight
loss of >5%).

Considers BMI, weight
loss and acute disease
effect.

Two validation studies
in community: 100%
sensitivity, 98%
specificity when
validated against
dietitian assessment;
58% sensitivity, 96%
specificity when
validated against
unintentional weight
loss or BMI [83].

Has been validated in
hospital, residential aged
care and community
settings [84]; but more
validation studies are
needed in community.

Six items on dietary
intake, weight loss,
mobility, disease/stress,
neurological problems
and BMI [85].

Promising criterion
validity in community
setting, with high
sensitivity (81–100%)
and specificity
(82–100%); however,
studies used MNA-FF
as reference standard
so incorporation bias is
present [83].

Recommended for use
with older adults and
validated in hospital,
residential aged care and
community settings.

Two questions on
appetite and
unintentional weight
loss [86].

Widely validated in
hospital settings, with
high sensitivity
(90–98%) and
specificity (85–89%);
but not validated in
community [83].

Community validation
studies needed.
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Table 2. Cont.
Name

Description

Validity in
Community Setting

Recommendation/Comment

Malnutrition screening tools

Seniors in the Community: Risk Evaluation for
Eating and Nutrition Questionnaire
(SCREEN-II; now called SCREEN-14)

Considers weight,
appetite, dietary intake,
nutrition impact
symptoms, ONS intake,
social factors [87].

Good validity
among older
community-dwelling
Canadian and New
Zealand adults, with
reported sensitivity
from 84–90% and
specificity 62–86%
when tested against
clinical assessment by a
trained dietitian. More
validation studies
needed in other
settings [83].

Was developed to assess
general nutrition status in
community-dwelling older
adults, but is also validated
as a malnutrition screening
tool [88].

Determine your Health Checklist
(DETERMINE)

Self-completed,
10-question survey
assessing dietary
intake, nutrition impact
symptoms, health
conditions,
medications,
social/economic
factors, weight changes
and functional
status [82].

Reported criterion
validity show 75–91%
sensitivity and 11–54%
specificity; however
few studies used
appropriate reference
standards [83].

Designed to assess
nutritional status among
community-dwelling older
adults [82]; however
predictive validity in
community setting is poor
(unable to predict mortality,
hospitalisation, or weight
loss of >5%).

Frailty screening/assessment tools ˆ

The abbreviated
Comprehensive
Geriatric
Assessment (aCGA)

FRAIL scale

15 questions on functional status, cognitive status
and depression [89].

Good sensitivity
(75–88%), moderate
specificity (48–60%) for
predicting functional
decline/disability,
mortality and
institutionalisation in
community-dwelling
adults [90].

Acceptable performance
for predicting disability
only, and not related to
mortality or
institutionalization;
therefore, not
recommended as first
choice for screening.

Self-administered survey on ambulation, fatigue,
illness, resistance and weight.

Using Fried frailty
phenotype as a
reference standard,
sensitivity was 87–96%
and specificity 64–86%,
with a FRAIL scale
score of 2 being the
optimal cut-off point,
among
community-dwelling
Australians [91] and
Chinese [92].

Good validity in
community setting.
A strength is that it does
not require measurements
nor administration by
healthcare professionals
[17,93].
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Table 2. Cont.
Name

Frailty Index

Fried’s Frailty
Phenotype (also
known as Fried
Scale)

Gérontopôle Frailty
Screening Tool

Groningen Frailty
Indicator

Description

Validity in
Community Setting

Recommendation/Comment

Underpinned by biological causative theory,
evaluates health deficits (comorbidities,
symptoms, disabilities, diseases).

Adequately predicts
adverse health
outcomes and
correlates strongly with
other frailty measures.
Sensitivity is 46–61%
and specificity 84–90%
when compared with
Fried’s Frailty
Phenotype [94].

Considered gold standard
for frailty screening due to
high validity and ability to
predict cause-specific
mortality; however can be
complex and time
consuming to complete
due to its mathematical
nature, reducing its
popularity clinically [17].

Underpinned by biological causative theory and
considers weight loss, exhaustion, grip strength,
gait speed and physical activity [13].

Can identify frailty and
predict adverse clinical
outcomes; hence is
widely used in clinical
and research settings.
Low-moderate
sensitivity (40–44%)
and high specificity
(85–94%) for predicting
functional decline/
disability, mortality
and institutionalisation
in community-dwelling
adults [90].

Requires measurement of
handgrip strength and gait
speed, which are not
always practical/feasible
in community settings.

Involves two steps: questionnaire evaluating
weight, exhaustion, slowness, cognition,
dependence; and clinician judgement of frailty.

Good sensitivity (88%)
and specificity (84%)
when assessed against
Cardiovascular Health
Study criteria definition
of frailty as reference
standard [95].
Considered one of the
most appropriate frailty
screening tools for use
in community-dwelling
adults.

Designed for early frailty
recognition in
community-dwelling older
people [96]; however, its
lack of specific guidance
for clinicians to identify
frailty is a limitation [97].

15 items covering physical, cognitive, social and
psychological domains [98].

Moderate sensitivity
(52–63%) and
specificity (69–77%) for
predicting functional
decline/disability,
mortality and
institutionalisation in
community-dwelling
adults [90].

Can determine the level of
frailty.

Nutrients 2021, 13, 2316

9 of 26

Table 2. Cont.
Name

Tilburg Frailty
Indicator

Vulnerable Elders
Survey

Vulnerable Elders
Survey

Description

Validity in
Community Setting

Recommendation/Comment

Self-administered 15-item questionnaire
considering health, weight, walking difficulty,
balance, hearing, sight, grip strength, fatigue,
memory, sensory, anxiety, coping capacity, solitude
and social support [99,100].

Moderate to good
predictive validity for
disability (35–87%
sensitivity; 61-89%
specificity), needing
residential care (81–86%
sensitivity; 59–62%
specificity) and
hospitalisation (33–65%
sensitivity; 60–86%
specificity) in a range of
community-dwelling,
older adult populations
[100–104].

Developed for identifying
frail community-dwelling
older people, and is
validated in this setting
with high diagnostic
accuracy (95% sensitivity;
86% specificity) for frailty
[105]. A limitation is that it
takes 14 mins to complete.

Contains 13 questions on age, self-rated health,
physical fitness and independence [106].

Considered the most
suitable tool to predict
functional
decline/disability,
mortality and
institutionalisation in
community-dwelling
adults, with high
sensitivity (88–92%) but
low-moderate
specificity (47–59%) for
predicting these
outcomes [90].

Developed to identify
community-dwelling
vulnerable elderly at risk
for functional decline.
Relatively short and easy
to complete.

Contains 13 questions on age, self-rated health,
physical fitness and independence [106].

Considered the most
suitable tool to predict
functional
decline/disability,
mortality and
institutionalisation in
community-dwelling
adults, with high
sensitivity (88–92%) but
low-moderate
specificity (47–59%) for
predicting these
outcomes [90].

Developed to identify
community-dwelling
vulnerable elderly at risk
for functional decline.
Relatively short and easy
to complete.

Sarcopenia screening tools

European Working
Group on
Sarcopenia in Older
People (EWGSOP)

Two-step algorithm assessing gait speed and
handgrip strength to identify people ‘at risk’ of
sarcopenia who should then proceed to a full
assessment [22].

Reported sensitivity is
between 33–71% and
specificity 89–91%
when validated against
multiple criteria for
diagnosing sarcopenia
[107]. *

Highly specific, relatively
simple tool (however
requires measurement of
gait speed and handgrip
strength). Cut-off
thresholds for skeletal
muscle mass indexes are
9.2 kg/m2 and 7.4 kg/m2
and for hand grip-strength
are 32 kg and 22 kg, for
males and females,
respectively [108].
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Table 2. Cont.
Name

Goodman et al.’s
screening grid

Ishii et al.’s score
chart

Mini Sarcopenia
Risk Assessment
(MSRA)

The Strength,
Assistance with
walking, Rise from
a chair, Climb stairs,
and Falls (SARC-F)

Yu et al.’s
prediction equation.

Description

Validity in
Community Setting

Recommendation/Comment

Reported sensitivity is
between 41–67% and
specificity 86–89%
when validated against
multiple criteria for
diagnosing sarcopenia
[107]. *

Simple tool requiring only
age and BMI. Individuals
with a probability >70% in
men and >80% in women
considered at risk of
sarcopenia [109]; however
Locquet et al. found great
variation in cut-offs across
different definitions
(17–73%) [107].

Reported sensitivity is
between 84–100% and
specificity 74–81%
when validated against
multiple criteria for
diagnosing sarcopenia
[107]. *

Excellent performance in
identifying sarcopenia risk;
however, involves complex
and time-consuming
calculations, limiting its
practicability. Diagnostic
cut-off scores
(recommended by Locquet
et al.) are 111.1 for men
and 128.5 for women [107].

Considers age, hospitalisation in past year, activity
level, number of meals/day, daily dairy intake,
daily calorie intake, and weight loss in past year
[111].

Reported sensitivity is
between 78–90% and
reported specificity is
between 38–71%.
MSRA-5 consistently
has higher specificity
than MSRA-7 [111,112].

Two versions; a five-item
(MSRA-5) and a seven-item
tool (MSRA-7). MSRA-5 is
recommended due to
easier completion and
higher specificity than
MSRA-7. Cut-offs to
identify people with
sarcopenia are 30 (MSRA-7)
and 45 (MSRA-5).

Questionnaire on ability to carry a heavy load,
walking, rising from a chair, climbing stairs, and
frequency of falls [113].

Initially validated in
community-dwelling
Chinese adults with
low sensitivity but
good specificity [113].
Other studies report
sensitivities between
36–56% and specificity
between 85–87% when
validated against
multiple criteria for
diagnosing sarcopenia
[107]. *

Relatively simple to
complete and score; but
requires assessment on
stairs and of lifting a 4.5 kg
load. Two versions;
SARC-F-5 and SARC-F-3,
comprising five and three
questions, respectively.
SARC-F-5 is recommended
due to better diagnostic
performance. Score of ≥4
(out of 10) on SARC-F-5
indicates sarcopenia risk.

Reported sensitivity is
between 16–83% and
specificity 60–87%
when validated against
multiple criteria for
diagnosing sarcopenia
[107]. *

Recommended as a
‘rule-out’ screening test for
sarcopenia (i.e., to reduce the
number of costly DXA
assessments undertaken).
Cut-off values are dependent
on the importance of DXA
assessment cost vs. risk of
missing sarcopenia cases [114].

Assesses age and BMI to determine probability of
low muscle mass [109].

Age, handgrip strength and calf circumference are
used in a gender-adjusted equation to determine
the probability of sarcopenia [110].

Uses weight, BMI, age and sex to identify people
‘at risk’ of sarcopenia [114].

DXA: Dual-energy X-ray absorptiometry ˆ There is limited to no distinction between frailty screening and assessment tools; rather, tools are
used interchangeably for both screening and assessment/diagnosis. * Sarcopenia screening tools were validated against multiple criteria
for diagnosing sarcopenia: European Working Group on Sarcopenia in Older People (EWGSOP) [22], International Working Group on
Sarcopenia (IWGS) [115], Asian Working Group for Sarcopenia (AWGS) [116], and Society for Sarcopenia, Cachexia and Wasting Disorders
(SCWD) [117].
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While risk screening is typically conducted in clinical settings (for example, most
Australian and New Zealand hospitals mandate nutrition risk screening using a validated
tool), screening in the community is equally important, as not all people will be admitted to
hospital. General practitioners (GPs), practice nurses and community-based allied health
clinicians are all well-placed to screen for malnutrition, frailty and sarcopenia. Screening
should be prioritised for those at increased risk, such as patients with acute or chronic
disease, reduced BMI or recent unintentional weight loss, older age or other risk factors (per
Table 1). Patients identified as at risk should be referred to accredited HCP/s for formal
assessment (i.e., dietitian for malnutrition risk; physiotherapist/exercise physiologist for
frailty/sarcopenia risk).
Patients themselves can and should be involved in the screening process. Literature
suggests that patients desire to be involved in their nutrition care [118,119], and several
screening tools have been validated for use by patients and/or family members. A Dutch
study found that online self-screening for malnutrition may be an easy, useful, accessible
and contemporary way to identify older adults at nutritional risk in the community [120].
Consistent with a patient-centred care approach, patients should be adequately informed
about the purpose and outcome of risk screening. A 2020 systematic review found that
while most patients were accepting of nutrition screening, many did not understand its
purpose or its results, which caused some to disbelieve or disregard their risk and was a
barrier to patients enacting dietary advice [121]. This highlights the importance of engaging
patients in the care process and keeping them informed to make health care decisions.
Community-based HCPs can provide better quality and more holistic care by using
validated screening tools or identifying risk factors among community-dwelling adults who
may have or be at risk of malnutrition, frailty and sarcopenia; so appropriate interventions
or referral to other HCPs (such as dietitians) can be enacted [3]. Table 2 provides an
overview of screening tools used in the community setting to identify patients at risk of
malnutrition, frailty and sarcopenia.
7.2. Assessment and Diagnosis
Nutrition assessment involves systematically collecting and evaluating relevant information to diagnose nutrition-related problems and understand their causes [81]. This is
typically done by a dietitian and involves evaluating a patient’s nutrition intake, anthropometry, biochemistry, clinical signs/symptoms, and nutrition-focused physical findings
(Table 3). Dietitians use this information, along with formal nutrition assessment tools,
to make a nutrition diagnosis and to inform nutrition interventions. Several nutrition
assessment tools exist and are commonly used in clinical and community settings. For
example, the Subjective Global Assessment (SGA) can reliably identify malnutrition-related
muscle dysfunction and impaired functional status among hospital patients [122]. The Mini
Nutritional Assessment (MNA) is designed for and validated in elderly patients (including
in community) [123–125] and assesses food intake, weight loss, mobility, disease/stress,
BMI and neuropsychological problems. It has also been proposed as a useful tool to identify
frail patients [93]. While such tools are commonly used in community, there is limited
evidence for their diagnostic accuracy in this setting. In fact, one review found that no
nutrition assessment tool had undergone sufficient validity testing in community-living
adults, and authors were unable to recommend any one tool for diagnosing malnutrition in
this group [125]. The best evidence shows moderate confidence in the ability of the MNA
to predict death and limited confidence in its ability to predict physical dysfunction [125].
Despite this, it is suggested that nutrition assessment should be undertaken to ensure
malnourished patients are adequately managed; and that more diagnostic accuracy studies
are needed for all nutrition assessment tools in community settings [125]. Given this,
community-based HCPs should refer patients at-risk of, or with suspected malnutrition, to
a dietitian for formal assessment (where resources allow); or alternatively, use the domains
in Table 3 to make an informal assessment to guide care.
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Table 3. Nutrition assessment domains and tools (partially adapted from NCP [81]).
Nutrition Assessment Domains
Domain *

Description/Measures

Food/nutrition-related history

Adequacy of food/nutrition intake (via diet history), with
consideration of medications, complementary/alternative
supplements, nutritional supplements, nutrition
knowledge/beliefs, food access/availability, physical activity.
Low/reduced food intake may indicate malnutrition.

Anthropometric measurements

Height, weight, body mass index (BMI), weight history/weight
change. Low BMI or unintentional weight loss may
indicate malnutrition.

Biochemical data/test results

Blood laboratory results (e.g., electrolytes, iron), clinical tests
(e.g., gastric emptying time, metabolic rate). Abnormal blood or
clinical results may indicate malnutrition/risk; but should be
considered alongside other domains.

Nutrition-focused physical findings

Physical appearance, appetite and other symptoms (swallow
function, taste/smell changes, physical limitations). Thin
appearance, muscle/fat wasting, reduced function, poor
appetite and other nutrition impacting symptoms may
indicate malnutrition.
Frailty assessment domains

Domain

Description/measures

Health

Co-morbidities/illnesses, age, self-reported health status, recent
hospitalisation, polypharmacy, symptoms.

Physical

Measures of weakness, exhaustion, decreased
endurance/performance, slowness, balance, walking difficulty;
weight loss, functional status, physical activity, dependence,
disability (e.g., loss of hearing, sight).

Nutritional

Appetite, dietary intake, nutrition impacting symptoms.

Psychological

Cognition (memory, decision making), depression, anxiety.

Social

Coping capacity, solitude, social relations/support.
Sarcopenia assessment domains

Domain

Description/measures

Health

Age, gender, recent hospitalisation

Physical

Physical activity, muscle quantity and function, strength,
gait, falls

Nutritional

Weight, BMI, dietary intake, weight loss

* Other domains routinely assessed include: patient history (personal, medical, social history); nutrition assessment tools; aetiology category
(nutrition diagnosis); and evaluation of progress towards nutrition-related goals/resolution of nutrition diagnosis(es).

Frailty assessment is still evolving, likely due to the lack of consensus on a universal
definition of frailty and how to identify it. There are two models by which frailty is recognised; the Fried Frailty Phenotype defines it as a set of physical characteristics (weakness,
exhaustion, weight loss slowness, poor endurance) that are independent of disability and
comorbidities [13], while the accumulation of deficits model considers summative physical,
mental and social deficits, rather than a specific set of criteria [17]. Further, there seems to be
poor distinction between frailty screening and assessment tools in the literature, with tools
often used interchangeably. There are also fewer validity, consensus and systematic review
papers published on frailty tools (compared to malnutrition tools), making it difficult to
compare different tools’ performance in various settings [3]. Systematic reviews have been
unable to recommend specific tools for frailty assessment in community-dwelling adults,
stating more research is needed [3,126,127]. One author suggests a two-step approach to
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frailty assessment; (1) a simple self-report screening questionnaire to identify those who
would benefit from (2) a further complex assessment [127]. This may help to prioritise
patients who are most at-risk and inform care planning. Frailty measures can include HCP
judgment-based assessments, physical performance tests (e.g., gait speed, grip strength),
physical frailty measures (e.g., frailty phenotype), multi-dimensional instruments (that
include other dimensions such as cognition), and frailty indices [128]. Frailty tools should
cover one or more of the assessment domains listed in Table 3.
Similar to frailty, the assessment and diagnosis of sarcopenia is an evolving area. However, multiple criteria exist for diagnosing sarcopenia, including the European Working
Group on Sarcopenia in Older People (EWGSOP) [22], the International Working Group
on Sarcopenia (IWGS) [115], the Asian Working Group for Sarcopenia (AWGS) [116], and
the Society for Sarcopenia, Cachexia and Wasting Disorders (SCWD) [117]. The Australia
and New Zealand Society for Sarcopenia and Frailty Research encourages the adoption of
EWGSOP2 definition of sarcopenia in practice [129].
Assessment should occur upon initial referral of patients suspected to be malnourished, frail or sarcopenic; and should be repeated as appropriate to evaluate the effects of
interventions (refer to Monitoring and Evaluation section) [81].
7.3. Intervention
As nutrition intake is a major modifiable risk factor in the development and progression of malnutrition, frailty and sarcopenia, interventions targeting these conditions
frequently use nutrition-based strategies that aim to improve an individual’s nutritional
status. Table 4 illustrates the use of such interventions among community-dwelling older
adults in Australia and New Zealand. These broadly fall within two categories: strategies
to influence patient knowledge/behaviour; and strategies to improve dietary intake. While
limited intervention studies using nutrition-based strategies among frail or sarcopenic
individuals have been conducted in the ANZ context, international work supports the role
of nutrition used alone [130,131] or in combination with exercise to aid in the management
of these conditions [130–133]. Further, the same strategies can be applied to treat frailty and
sarcopenia as the principle remains the same - to improve an individual’s nutritional status.
Importantly, while a combination of nutrition and exercise strategies are recommended to
manage/treat malnutrition, frailty and/or sarcopenia, given the interplay of these three
conditions, the focus and type of strategies used may vary depending on the primary
condition being treated. For example, if the condition being treated is malnutrition, the
HCP’s primary focus may be on improving the individual’s nutrition status through the
use of nutrition-based strategies, whereas exercise-based strategies may be the focus of
interventions for someone being treated for sarcopenia, considering sarcopenia is thought
to occur regardless of energy balance [134]. Prior to delivering any nutrition- or exercisebased intervention(s), appropriately trained HCPs should be consulted first (dietitians for
nutrition interventions; physiotherapists for exercise interventions) to ensure patient safety
and the delivery of high-quality care.
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Table 4. Summary of nutrition-related intervention studies targeting malnutrition, frailty or sarcopenia among community dwelling older ANZ adults *.
Study, Country

Study Design

Sample and Setting

Intervention

Assessment

Outcomes (Intervention vs. Control)

Malnutrition

Leggo et al., 2008
[135]

Pre/post
intervention

1145 adults (76.5 ± 9.2 years; 31% male)
recruited from 16 Australian organisations
caring for HACC clients in Australia

Adults identified as ‘at risk’ or
‘malnourished’ provided with at home,
one-on-one individualized nutrition
counselling from a dietitian for 6 months
(median)

MST, PG-SGA

•
•

Of the 15% at risk/malnourished, 44% agreed to dietetic referral
Nutrition status increased following intervention among the 34 patients followed up
(82% had improved and 50% became well-nourished)

Hamirudin et al.,
2016 [136]

Mixed-method
pre/post
intervention

143 adults (≥75 years; % male NS)
recruited from 3 General Practices in
NSW, Australia

Adults identified as ‘at risk’ or
‘malnourished’ provided with a resource
kit a + other interventions (e.g., dietitian
referral) by practice nurses for 6/12 months

MNA-SF, interviews

•
•

31% of adults at risk/malnourished at initial screen
MNA-SF scores significantly improved from 9.9 ± 5.1 to 11.4 ± 2.1 in intervention group,
while MNA-SF scores in the control group declined from 13.3 ± 0.9 to 12 ± 1.5

•

Proportion of patients at risk/malnourished reduced from 61.8% at baseline to 23.5% at
follow-up
Mean body weight (67.1±13.5 kg to 68.0 ± 13.7 kg), MNA score (21.9 ± 3.5 vs. 25.2 ± 3.1)
significantly improved pre/post
Significant improvement in energy intake from ONS (+95.5 ± 388.2 kJ/day) and milk
(+259.6 ± 659.8 kJ/day)
10.3% were receiving MOW at both time points

Hamirudin et al.,
2017 [137]

Pre/post
intervention

68 adults (85.5 ± 5.8 years; 47% male)
recruited within 2 weeks post-discharge
from hospitals in regional NSW, Australia

All adults provided with tailored
individual dietary advice b at home by a
dietitian for 3 months

MNA, body weight, BMI,
diet history, food
frequency checklist

•
•
•
•

MNA, body weight, BMI,
24h diet recall, food
frequency checklist,
interviews

Mixed-method
pre/post pilot
intervention

12 adults (81.3 ± 10.9 years; 58% male)
recruited from two MOW services in
NSW, Australia

Cameron et al.,
2013 [139]

RCT

216 adults meeting FFP criteria (83.3 ± 5.9
years; 32% male) recruited from 16
organisations caring for HACC clients in
Australia

Provision of an individualised,
multifactorial, interdisciplinary exercise
and nutrition program d for 12 months

FFP, Short Physical
Performance Battery

Milte et al.,
2016 [140]

RCT

175 adults recovering from hip fracture
(≥70 years; 23% male) recruited from 3
acute care and 1 rehabilitation setting in SA
and NSW, Australia

Provision of an individualized exercise and
nutrition program e and fortnightly
dietitian visit to review dietary intake and
modify strategies for 6 months

HRQoL, QALY, costs

Charlton et al.,
2013 [138]

Provision of high protein, high-energy
snacks five times a week, in addition to
their usual MOW order, for 1 month

•
•

Significant reduction in the proportion of adults at risk (17% to 8%) and malnourished
(67% to 25%)
Mean body weight and BMI increased by mean of 0.75 ± 0.80 kg and 0.78 ± 1.16 kg/m2 ,
respectively
Increased mean energy (+415 ± 1477 kJ /day) and protein (+7.2 ± 14.06 g/day) intakes

Frailty

•
•
•
•

Frailty prevalence significantly reduced following intervention (absolute difference
14.7%)
Physical status remained stable in intervention group and declined in control group
Both groups saw a decrease in HRQoL score, but intervention group reported higher
mean HRQoL
Programme associated with a small additional cost and a gain in QALY relative to usual
care with social visits

ANZ: Australian and New Zealand; BMI: Body mass index; FFP: Cardiovascular Health Study Frailty Phenotype; g: grams; HACC: Home and Community Care; HRQoL: Health-related quality of life; kJ: kilojoules;
MNA (+/− SF): Mini Nutritional Assessment (+/− Short Form); MOW: Meals on Wheels; NSW: New South Wales; NS: not specified; PG-SGA: Patient-Generated Subjective Global Assessment; RCT: Randomised
Control Trial; SA: South Australia; QALY: Quality adjusted life years. * Exercise is commonly used and is effectives in treating and managing frailty and/or sarcopenia in older adults; however, given the focus of this
review, only interventions using nutrition-related strategies alone or in combination with exercise are included here. a Kit included: leaflet on high-energy/-protein foods, ‘Eating Well’ booklet, local council directory of
nutrition/support services for older persons in their area. b Strategies included: personalised dietetic advice, prescription of ONS, referral to a MOW service and/or referral to various community services. c Intervention
included: community dietitian and/or speech therapist consults, needs assessment and service coordination, day care and/or home delivered meals. d Nutrition program included: dietitian evaluation, home-delivered
meals, ONS prescribed. e Nutriton program included: Dietary counselling focusing on timing, size, and frequency of meals, recommendations of nutrient-rich foods and recipes, referral to community meal programmes,
and provision of commercial oral nutritional supplements or commercial protein powders as deemed appropriate.
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7.3.1. Strategies to Influence Knowledge and Behaviour
Delivery of one-on-one counselling [135,137,140] and resource kits [136] are common
educational strategies used in interventions to improve an individual’s malnutrition or
frailty status (Table 4). These strategies align with Australian and European guideline
recommendations suggesting that patients and caregivers should be offered knowledge
about their nutritional problems and treatment options to promote appropriate nutritional
care [141,142]. A large Australian study (n = 1145) reported that 82% of at-risk and malnourished community dwelling older adults who received one-on-one individualized
counselling had improved PG-SGA scores after six months of intervention [135]. Similarly,
a smaller Australian study (n = 68) provided older adults with tailored individual dietary
advice two weeks post-hospital discharge, and reported that the proportion of at-risk and
malnourished adults reduced from 62% to 24% three months after the intervention [137].
For both interventions, education was tailored to the individual’s needs and delivered
frequently, at home, by trained dietitians; factors which have been shown to contribute to
high adherence to dietary advice among elderly individuals [143]. Despite these positive
findings, 55% of at-risk or malnourished patients who were offered free dietetic counselling
in the aforementioned study declined to partake [135].
This emphasises the difficulty in engaging this high-risk group and suggests the need
for nutrition education to be given at opportune times (e.g., by nurses or GPs when elderly
adults visit healthcare services). Indeed, there is evidence that nutrition advice delivered
by nurses can positively influence the functional outcomes and diets of older people living
at home [144]. Further, there is moderate evidence to support the role of domiciliary carers
in implementing malnutrition risk screening, education and referral pathways, which may
be effective and cost-efficient strategies to manage malnutrition in community-dwelling
older adults [145,146]. This suggests strategies to improve nutrition knowledge should
not only be limited to dietitians, but also include carers, nurses and GPs in the community.
Further, geographically relevant resource kits (which include educational material) have
been shown to be effective at improving nutritional status among community-dwelling
ANZ adults [136] and should therefore be considered when individual dietary counselling
from trained HCPs is not immediately available.
7.3.2. Strategies to Influence Intake
The use of ONS is a common strategy used to improve nutrition intake among
adults [137,139,140]. These are nutritionally complete drinks that contain a mix of macroand micro-nutrients. Randomised Control Trials (RCTs) have shown a positive effect of
daily ONS consumption on energy/ protein intakes and nutritional status among malnourished older patients after discharge from hospital [147,148]. Yet, the success of such
interventions relies on patient adherence. One systematic review reported high compliance
to ONS among community-living adults [149]; however others have reported lower [150]
or variable adherence [151]. Other influencing factors commonly cited include duration
of usage [152], if the patient is aware of reason for ingestion [153], variety of supplements
prescribed [149] and how the supplement is taken [149]. As such, education should be
provided on the potential benefits of ONS ingestion considering dietary counselling combined with ONS is the most effective intervention to improve energy intake and body
weight among older adults [154]. However, other strategies to influence intake should be
prioritised where barriers to using ONS have been identified.
Food-based fortification (also called dietary enrichment) is an alternative strategy
to improve energy and protein intake [136,138]. This involves increasing the energy
and protein of a meal without increasing volume, by adding extra-high-energy/-protein
ingredients such as oils, butter, cream, or powdered milk; and/or powdered modules such
as casein, whey protein, or maltodextrin. Indeed, a recent systematic review demonstrated
that energy- and protein-based fortification can be employed as an effective and welltolerated intervention to improve dietary intake amongst older adults [155]. This strategy
may be particularly useful for patients who do not tolerate or cannot afford ONS and has
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the advantage of better catering to individual dietary habits and preferences. Low dairy
intake has also been identified as a frequently occurring risk factor among at-risk and
malnourished community-living older adults [32,137], highlighting another avenue for
low-cost dietary intervention.
Home delivery meal services, such as Meals on Wheels (MOW), which deliver healthy
meals to clients’ homes, may also be used as a convenient strategy to improve intakes
among individuals who are unable to prepare meals or shop for themselves [137,138]. A
recent systematic review reported a beneficial effect of home-delivered meals on intakes
of energy, protein and/or micronutrients (e.g., calcium, vitamin A, B complex vitamins,
vitamin D, zinc, magnesium and others) in older community-dwelling adults [156]. While
evidence shows that meals delivered by this service provide an important contribution to an
individual’s overall intake [157], the inclusion of other foods (e.g., snacks) is still necessary
for older individuals to meet their nutrition needs; something that is not always acknowledged among these clients [138]. Strategies therefore still need to be tailored amongst
MOW clients, given their potentially limited ability to access, cook and/or prepare food.
7.4. Monitoring and Evaluation (Including Documentation)
Thorough monitoring and evaluation are helpful to track patients’ progress and improve their outcomes by identifying any personal and/or environmental factors that may
hinder compliance to nutrition intervention [158]. Evidence-based practice and patient preferences should be used to guide the selection of appropriate outcome measures/indicators
to assess nutrition care [158]. Unfortunately, an internationally standardized set of outcomes for nutrition care is unavailable [158]; but outcomes to monitor/evaluate nutrition
interventions can be classified into the four categories outlined in Table 5 [159,160]. Recent
studies on the outcomes used in usual dietetic practice in Australia are lacking, however
a 2008 Australian study found dietitians used a range of outcome measures in practice
and these aligned with three of the four categories described in Table 5 (healthcare utilisation/cost savings were not routinely assessed, consistent with other studies) [159].
Table 5. Outcome/indictor categories to assess nutrition intervention.
Category

Outcome/Indicator

1. Direct nutrition

Knowledge gained
Behaviour change
Food & nutrient intake
Nutritional status

2. Clinical & health status

Biochemical data
Weight/anthropometry
Blood pressure
Risk factor profile
Disease signs and symptoms (e.g., muscle/fat
wasting, appetite)

3. Patient value-based care

Quality of life
Patient satisfaction
Self-efficacy / self-management
Functional ability

4. Healthcare utilisation/cost savings

Complications
Medication changes
Number of unplanned clinic visits
Number of preventable hospital admissions
Length of hospitalisation
Nursing home admission

Adapted from Splett et al., 2001 [161] and Cant, 2008 [162].

Patients should be involved in selecting the outcomes most important to them. An
Australian study identified 11 quality indicators of dietetic services from the perspec-
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tives of malnourished older patients, spanning three domains: structure (healthcare systems/environments), processes (dietitian-patient interaction) and outcomes (desired measurable outcomes of nutrition care) [163]. Outcome measures most important to patients
were: (1) improvement in health status; (2) improvement or maintenance of independence;
and (3) weight gain. Further, a qualitative study examining patients’ experiences with
dietetic consultations in the United Kingdom found that patients preferred dietitians who
adopted a patient-centred approach and considered what patients wanted from the consultation [162]. As such, HCPs should monitor/evaluate nutrition interventions using a
combination of indicators from the four categories outlined in Table 5, factoring in indicators most important to patients, to provide evidence-based, patient-centred care. This
requires high level critical reasoning and should be planned thoroughly, also taking into
account available data collection tools/methods and feedback strategies to other HCPs.
The frequency of measurement and strategy for data collection/reporting are important aspects of monitoring and evaluation. Data should be collected during the first
consultation, halfway through the intervention or when significant changes occur (in adherence, clients’ status or situation) and at the end of the process. However, it is often
up to the judgement of the HCP, based on predictions of expected effects and available
resources (i.e., time and costs) [158]. Available measurement options and equipment need
to be taken into consideration; and a mix of qualitative (collected through asking questions
in the consultation) and quantitative data (collected from self-monitoring, computer programs/apps, telephone or electronic follow-up) is recommended [158]. Lastly, monitoring
and evaluation outcomes should be fed back and shared with all HCPs treating the patient
to raise the success rate in achieving the patient’s desired health outcomes and to justify
the importance of adequate nutrition and the dietitian’s role in health care.
8. Hospital-to-Community Transition
Transitioning home from hospital is a critical step in the management of malnutrition,
frailty and sarcopenia in community-dwelling adults. Rehospitalization rates for older
adults are high and up to a third of readmissions are considered preventable [161]. Providing quality nutrition care upon and/or after discharge has been shown to reduce avoidable
readmissions by 28% [161], due to the effect that nutrition intervention (predominately, prescription of ONS) has on oral intake and nutritional status [147,148,164–166]. Despite this,
many older adults who are in need of quality nutrition care in this transition period do not
receive it [167]. Communication problems between HCPs and across healthcare services,
insufficient knowledge/attention to nutritional needs/problems by HCPs, and limited
access to services have been described as barriers to delivering continuity of care [168–170].
Further complicating the problem is low compliance among those patients who do receive
this care [153,164]. Qualitative and observational work has shown that gastrointestinal
symptoms, lack of knowledge of ONS purpose, lack of ONS prescription and receiving
nutrition care that lacked a person-centred approach are common reasons for low compliance among patients [153,171]. These findings demonstrate that the nutrition care of older
adults during hospital to home transition periods needs improvement.
9. Conclusions
While the different populations, definitions and diagnostic criteria used by individual
studies may explain the large variance in prevalence rates reported for these conditions,
it is clear that malnutrition, frailty and sarcopenia affect a large proportion (~25%) of
community dwelling adults. Given our ageing population, it is important for health professionals to be proficient in recognising and treating malnutrition, frailty and sarcopenia
in the community. The NCP should be used to guide HCPs in providing consistent and
high-quality nutrition care for these conditions, using tools and approaches appropriate
for each step: (i) screening and referral, (ii) assessment and diagnosis, (iii) intervention and
(iv) monitoring and evaluation. Further, the transition of patients from hospital to home,
or between care settings, should be considered in any care plan for community-dwelling
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adults. While this paper provides broad evidence-based recommendations (Table 6), next
steps in this area should include: (i) exploration of the barriers limiting the delivery of highquality care to older adults in the community who are malnourished, frail or sarcopenic
(or are at risk of these conditions), from the perspectives of consumers and HCPs; and (ii)
development of specific guidance for HCPs to manage and treat these conditions in the
community, considering this is currently non-existent.
Table 6. Recommendations for the nutritional management of malnutrition, frailty and sarcopenia.
Screening and Referral
Use a validated screening tool to identify patients at risk of malnutrition, frailty or sarcopenia. Tools that perform best in the
community setting include:

•
Malnutrition: SCREEN-14 (with MNA-SF and MUST also performing well)
•
Frailty: Vulnerable Elders Survey (FRAIL scale, Fried’s Phenotype also perform well)
•
Sarcopenia: MSRA-5 or SARC-F
Tool selection should be based on performance in the intended setting (see Table 2) and with consideration of the time, resources
and staffing/skill level required to complete.
Screening should be completed upon:

•
•
•

Initial contact with a new patient
Changes in a patient’s health status (e.g., new diagnosis or recent hospitalisation)
Suspected malnutrition, frailty or sarcopenia (e.g., presence of risk factors)

If it is not possible to screen using a validated tool, HCPs should consider the patient’s risk factors (see Table 1) to determine if they
are at risk / would benefit from a full assessment (e.g., by a dietitian or exercise physiologist).
Screening should be prioritised for patients who are older, have multiple comorbidities, have recently lost weight/are underweight,
or who appear malnourished/frail/sarcopenic.
Assessment and diagnosis
Patients identified as ‘at-risk’ of malnutrition, frailty or sarcopenia should be referred to an appropriate health professional (e.g.,
dietitian, physiotherapist/exercise physiologist) for a full assessment and diagnosis, to inform nutrition and/or exercise
interventions.
These health professionals should use appropriate assessment tools or criteria to diagnose malnutrition, frailty or sarcopenia; and
document the level/stage (if applicable). For example *:

•
•
•

Malnutrition: Mini Nutritional Assessment (MNA)
Frailty: Fried Frailty Phenotype
Sarcopenia: European Working Group on Sarcopenia in Older People (EWGSOP2)

If it is not possible to refer patients to appropriate allied health professionals, clinicians should use the domains in Table 3 to make
an informal assessment, in order to guide care.
Intervention
A combination of nutrition- and exercise-based strategies should be adopted to manage malnutrition, frailty and sarcopenia.
Common nutrition-based strategies used in combination include:

•
•
•

Nutrition education and high energy, high protein / dietary fortification
Nutrition education and oral nutrition supplements
Nutrition education and home delivery meal services
Strategies should be tailored to the individual, factoring in their preferences, needs and context/geographical area.

Further work with consumers and HCPs should be undertaken to determine feasible and effective ways of improving nutrition
among community-dwelling older adults in ANZ.
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Table 6. Cont.
Monitoring and evaluating
HCPs should monitor/evaluate nutrition interventions using a combination of the indicators listed in Table 5, in conjunction with
factoring in the indicators most important to patients to provide evidence-based, patient-centred care. This may include evaluating
the following:

•
•

Food & nutrient intake (direct nutrition), weight (clinical & health status) and patient satisfaction (patient value-based care); or
Quality of life (patient value-based care), number of preventable hospital admissions (healthcare utilisation/cost savings),
biochemical data (clinical & health status)
Qualitative and quantitative measures should be used to collect data, and, where available, validated tools.
Findings should be communicated to all HCPs caring for the individual, as well as to the patient themselves.
* Note: There is limited evidence for the diagnostic accuracy of malnutrition, frailty and sarcopenia assessment tools in the community
setting. The authors have suggested these tools based on the evidence available at the time this review was undertaken; however more
diagnostic accuracy studies are needed in the community setting for all three conditions and their respective assessment tools.
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[CrossRef]
Chatindiara, I.; Williams, V.; Sycamore, E.; Richter, M.; Allen, J.; Wham, C. Associations between nutrition risk status, body
composition and physical performance among community-dwelling older adults. Aust. N. Z. J. Publ. Health 2019, 43, 56–62.
[CrossRef]
Isenring, E.; Baker, J.; Kerr, G. Malnutrition and falls risk in community-dwelling older adults. J. Nutr. Health Aging 2012, 17,
277–279. [CrossRef]

Nutrients 2021, 13, 2316

38.

39.

40.

41.
42.

43.
44.
45.

46.

47.

48.
49.

50.

51.
52.
53.

54.

55.
56.
57.

58.
59.
60.

21 of 26

Wolters, M.; Volkert, D.; Streicher, M.; Kiesswetter, E.; Torbahn, G.; O’Connor, E.M.; Hebestreit, A.; Teh, R.; O’Keeffe, M.; Kelly, M.;
et al. Prevalence of malnutrition using harmonized definitions in older adults from different settings—A MaNuEL study. Clin.
Nutr. 2019, 38, 2389–2398. [CrossRef]
Gnjidic, D.; Hilmer, S.N.; Blyth, F.M.; Naganathan, V.; Cumming, R.G.; Handelsman, D.J.; McLachlan, A.J.; Abernethy, D.R.;
Banks, E.; Le Couteur, D.G. High-risk prescribing and incidence of frailty among older community-dwelling men. Clin. Pharm.
Ther. 2012, 91, 521–528. [CrossRef]
Das, A.; Cumming, R.G.; Naganathan, V.; Blyth, F.; Ribeiro, R.V.; Le Couteur, D.G.; Handelsman, D.J.; Waite, L.M.; Simpson, S.J.;
Hirani, V. Prospective associations between dietary antioxidant intake and frailty in older australian men: The concord health
and ageing in men project. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2020, 75, 348–356. [CrossRef]
Dent, E.; Hoon, E.; Karnon, J.; Newbury, J.; Kitson, A.; Beilby, J. Frailty and health service use in rural South Australia. Arch.
Gerontol. Geriatr. 2015, 62, 53–58. [CrossRef]
Tembo, M.; Holloway-Kew, K.; Sui, S.; Dunning, T.; Low, A.; Yong, S.; Ng, B.; Brennan-Olsen, S.; Williams, L.; Pasco, J.A.; et al.
Prevalence of frailty in older men and women: Cross-sectional data from the geelong osteoporosis study. Calcif. Tissue Int. 2020,
107, 220–229. [CrossRef]
Widagdo, I.; Pratt, N.; Russell, M.; Roughead, E. How common is frailty in older Australians? Australas. J. Ageing 2015, 34,
247–251. [CrossRef]
Thompson, M.Q.; Yu, S.; Tucker, G.R.; Adams, R.J.; Cesari, M.; Theou, O.; Visvanathan, R. Frailty and sarcopenia in combination
are more predictive of mortality than either condition alone. Maturitas 2021, 144, 102–107. [CrossRef]
Hirani, V.; Blyth, F.; Naganathan, V.; Le Couteur, D.; Seibel, M.; Waite, L.; Handelsman, D.; Cumming, R. Sarcopenia is associated
with incident disability, institutionalization, and mortality in community-dwelling older men: The concord health and ageing in
men project. J. Am. Med. Dir. Assoc. 2015, 16, 607–613. [CrossRef]
Sim, M.; Prince, R.L.; Scott, D.; Daly, R.M.; Duque, G.; Inderjeeth, C.A.; Zhu, K.; Woodman, R.J.; Hodgson, J.M.; Lewis, J.R.
Sarcopenia definitions and their associations with mortality in older Australian women. J. Am. Med. Dir. Assoc. 2019, 20, 76–82.
[CrossRef]
Sui, S.X.; Holloway-Kew, K.L.; Hyde, N.K.; Williams, L.J.; Tembo, M.C.; Leach, S.; Pasco, J.A. Prevalence of sarcopenia employing
population-specific cut-points: Cross-sectional data from the geelong osteoporosis study, Australia. J. Clin. Med. 2021, 10, 343–356.
[PubMed]
Sui, S.X.; Holloway-Kew, K.L.; Hyde, N.K.; Williams, L.J.; Tembo, M.C.; Leach, S.; Pasco, J.A. Definition-specific prevalence
estimates for sarcopenia in an Australian population: The Geelong Osteoporosis Study. JCSM Clin. Rep. 2020, 5, 89–98.
Villani, A.; McClure, R.; Barrett, M.; Scott, D. Diagnostic differences and agreement between the original and revised European
Working Group (EWGSOP) consensus definition for sarcopenia in community-dwelling older adults with type 2 diabetes mellitus.
Arch. Gerontol. Geriatr. 2020, 89, 104081. [CrossRef] [PubMed]
Mayhew, A.J.; Amog, K.; Phillips, S.; Parise, G.; McNicholas, P.D.; de Souza, R.J.; Thabane, L.; Raina, P. The prevalence
of sarcopenia in community-dwelling older adults, an exploration of differences between studies and within definitions: A
systematic review and meta-analyses. Age Ageing 2019, 48, 48–56. [CrossRef] [PubMed]
Pagotto, V.; Silveira, E.A. Applicability and agreement of different diagnostic criteria for sarcopenia estimation in the elderly.
Arch. Gerontol. Geriatr. 2014, 59, 288–294. [CrossRef] [PubMed]
Morley, J.E.; Anker, S.D.; von Haehling, S. Prevalence, incidence, and clinical impact of sarcopenia: Facts, numbers, and
epidemiology—Update 2014. J. Cachexia Sarcopenia Muscle 2014, 5, 253–259. [CrossRef]
Mijnarends, D.; Schols, J.; Meijers, J.; Tan, F.; Verlaan, S.; Luiking, Y.; Morley, J.; Halfens, R. Instruments to assess sarcopenia and
physical frailty in older people living in a community (care) setting: Similarities and discrepancies. JAMDA 2015, 16, 301–308.
[CrossRef] [PubMed]
Griffin, A.; O’Neill, A.; O’Connor, M.; Ryan, D.; Tierney, A.; Galvin, R. The prevalence of malnutrition and impact on patient
outcomes among older adults presenting at an Irish emergency department: A secondary analysis of the OPTI-MEND trial. BMC
Geriatr. 2020, 20, 1–455. [CrossRef] [PubMed]
Isabel, T.D.; Correia, M.; Waitzberg, D.L. The impact of malnutrition on morbidity, mortality, length of hospital stay and costs
evaluated through a multivariate model analysis. Clin. Nutr. 2003, 22, 235–239. [CrossRef]
Visvanathan, R.; Penhall, R.; Chapman, I. Nutritional screening of older people in a sub-acute care facility in Australia and its
relation to discharge outcomes. Age Ageing 2004, 33, 260–265. [CrossRef]
Trevisan, C.; Crippa, A.; Ek, S.; Welmer, A.K.; Sergi, G.; Maggi, S.; Manzato, E.; Bea, J.W.; Cauley, J.A.; Rizzuto, D.; et al. Nutritional
status, body mass index, and the risk of falls in community-dwelling older adults: A systematic review and meta-analysis. J. Am.
Med. Dir. Assoc. 2019, 20, 569–582. [CrossRef] [PubMed]
Banks, M.; Bauer, J.; Graves, N.; Ash, S. Malnutrition and pressure ulcer risk in adults in Australian health care facilities. Nutrition
2010, 26, 896–901. [CrossRef] [PubMed]
Sulo, S.; Riley, K.; Liu, Y.; Landow, W.; Lanctin, D.; VanDerBosch, G. Nutritional support for outpatients at risk of malnutrition
improves health outcomes and reduces healthcare costs. Qual. Prim. Care 2020, 28, 12–18.
Kojima, G.M.D. Frailty as a predictor of future falls among community-dwelling older people: A systematic review and
meta-analysis. J. Am. Med. Dir. Assoc. 2015, 16, 1027–1033. [CrossRef]

Nutrients 2021, 13, 2316

61.
62.

63.
64.

65.
66.

67.
68.
69.
70.
71.
72.

73.
74.
75.
76.
77.

78.
79.
80.

81.
82.
83.

84.
85.

22 of 26

Kojima, G. Quick and Simple FRAIL scale predicts incident activities of daily living (ADL) and instrumental ADL (IADL)
Disabilities: A systematic review and meta-analysis. J. Am. Med. Dir. Assoc. 2018, 19, 1063–1068. [CrossRef]
Hsu, Y.H.; Liang, C.K.; Chou, M.Y.; Liao, M.C.; Lin, Y.T.; Chen, L.K.; Lo, Y.K. Association of cognitive impairment, depressive
symptoms and sarcopenia among healthy older men in the veterans retirement community in southern Taiwan: A cross-sectional
study. Geriatr. Gerontol. Int. 2014, 14, 102–108. [CrossRef]
Kojima, G.; Iliffe, S.; Jivraj, S.; Walters, K. Association between frailty and quality of life among community-dwelling older people:
A systematic review and meta-analysis. J. Epidemiol. Community Health 2016, 70, 716–721. [CrossRef] [PubMed]
Pasco, J.A.; Mohebbi, M.; Holloway, K.L.; Brennan-Olsen, S.L.; Hyde, N.K.; Kotowicz, M.A. Musculoskeletal decline and mortality:
Prospective data from the Geelong Osteoporosis Study: Musculoskeletal decline and mortality. J. Cachexia Sarcopenia Muscle 2017,
8, 482–489. [CrossRef] [PubMed]
Kojima, G. Frailty as a predictor of emergency department utilization among community-dwelling older people: A systematic
review and meta-analysis. J. Am. Med. Dir. Assoc. 2019, 20, 103–105. [CrossRef]
Moreira, N.; Krausch-Hofmann, S.; Matthys, C.; Vereecken, C.; Vanhauwaert, E.; Declercq, A.; Bekkering, G.E.; Duyck, J. Risk
factors for malnutrition in older adults: A systematic review of the literature based on longitudinal data. Adv. Nutr. 2016, 7,
507–522. [CrossRef] [PubMed]
Van der Pols-Vijlbrief, R.; Wijnhoven, H.A.H.; Schaap, L.A.; Terwee, C.B.; Visser, M. Determinants of protein–energy malnutrition
in community-dwelling older adults: A systematic review of observational studies. Ageing Res. Rev. 2014, 18, 112–131. [CrossRef]
Lorenzo-López, L.; Maseda, A.; De Labra, C.; Regueiro-Folgueira, L.; Rodríguez-Villamil, J.L.; Millán-Calenti, J.C. Nutritional
determinants of frailty in older adults: A systematic review. BMC Geriatr. 2017, 17, 108. [CrossRef]
Coelho-Júnior, H.J.; Rodrigues, B.; Uchida, M.; Marzetti, E. Low protein intake is associated with frailty in older adults: A
systematic review and meta-analysis of observational studies. Nutrients 2018, 10, 1334–1341.
Moradi, S.; Hadi, A.; Mohammadi, H.; Asbaghi, O.; Zobeiri, M.; Marx, W.; Entezari, M.H. Dietary inflammatory index and the
risk of frailty among older adults: A systematic review and meta-analysis. Res. Aging 2020. [CrossRef]
Hakeem, F.F.; Bernabé, E.; Sabbah, W. Association between oral health and frailty: A systematic review of longitudinal studies.
Gerodontology 2019, 36, 205–215. [CrossRef]
Scott, D.; Blizzard, L.; Fell, J.; Giles, G.; Jones, G. Associations between dietary nutrient intake and muscle mass and strength in
community-dwelling older adults: The tasmanian older adult cohort study. J. Am. Geriatr. Soc. 2010, 58, 2129–2134. [CrossRef]
[PubMed]
Bloom, I.; Shand, C.; Cooper, C.; Robinson, S.; Baird, J. Diet quality and sarcopenia in older adults: A systematic review. Nutrients
2018, 10, 308–336. [PubMed]
Amiri, S.; Behnezhad, S.; Hasani, J. Body Mass Index and risk of frailty in older adults: A systematic review and meta-analysis.
Obes, Med. 2020, 18, 100196. [CrossRef]
Gianoudis, J.; Gianoudis, J.; Bailey, C.A.; Bailey, C.A.; Daly, R.M.; Daly, R.M. Associations between sedentary behaviour and body
composition, muscle function and sarcopenia in community-dwelling older adults. Osteoporos. Int. 2015, 26, 571–579. [CrossRef]
Besora-Moreno, M.; Llaurado, E.; Tarro, L.; Sola, R. Social and economic factors and malnutrition or the risk of malnutrition in the
elderly: A systematic review and meta-analysis of observational studies. Nutrients 2020, 12, 737. [PubMed]
Jamsen, K.M.; Bell, J.S.; Hilmer, S.N.; Kirkpatrick, C.M.; Ilomäki, J.; Le Couteur, D.; Blyth, F.M.; Handelsman, D.J.; Waite, L.;
Gnjidic, D.; et al. Effects of changes in number of medications and drug burden index exposure on transitions between frailty
states and death: The concord health and ageing in men project cohort study. J. Am. Geriatr. Soc. 2016, 64, 89–95. [CrossRef]
[PubMed]
Beaudart, C.; Sanchez-Rodriguez, D.; Locquet, M.; Reginster, J.-Y.; Lengele, L.; Bruyere, O. Malnutrition as a strong predictor of
the onset of sarcopenia. Nutrients 2019, 11, 2883–2896.
Norazman, C.W.; Adznam, S.N.A.; Jamaluddin, R. Malnutrition as key predictor of physical frailty among malaysian older adults.
Nutrients 2020, 12, 1713–1725.
Thomas, M.N.; Kufeldt, J.; Kisser, U.; Hornung, H.; Hoffmann, J.; Andraschko, M.; Werner, J.; Rittler, P. Effects of malnutrition on
complication rates, length of hospital stay, and revenue in elective surgical patients in the G-DRG-system. Nutrition 2016, 32,
249–254. [CrossRef]
Academy of Nutrition and Dietetics. Nutrition Terminology Reference Manual (eNCPT): Dietetics Language for Nutrition Care.
Available online: http://www.ncpro.org (accessed on 2 March 2021).
Posner, B.M.; Jette, A.M.; Smith, K.W.; Miller, D.R. Nutrition and health risks in the elderly: The nutrition screening initiative. Am.
J. Public Health 1993, 83, 972–978. [CrossRef]
Power, L.; Mullally, D.; Gibney, E.R.; Clarke, M.; Visser, M.; Volkert, D.; Bardon, L.; de van der Schueren, M.A.E.; Corish, C.A. A
review of the validity of malnutrition screening tools used in older adults in community and healthcare settings—A MaNuEL
study. Clin. Nutr. 2018, 24, 1–13. [CrossRef] [PubMed]
Elia, E.; Russell, C.; Stratton, R.J.; Todorovic, V.; Evans, L.; Farrer, K. The ‘MUST’ Explanatory Booklet; BAPEN: Worcestershire, UK,
2003.
Rubenstein, L.Z.; Harker, J.O.; Salvà, A.; Guigoz, Y.; Vellas, B. Screening for undernutrition in geriatric practice: Developing the
short-form mini-nutritional assessment (MNA-SF). J. Gerontol. 2001, 56, 366–372. [CrossRef] [PubMed]

Nutrients 2021, 13, 2316

86.
87.
88.
89.
90.
91.
92.
93.
94.

95.
96.

97.
98.
99.
100.
101.
102.
103.

104.
105.
106.

107.
108.

109.
110.
111.

23 of 26

Ferguson, M.; Capra, S.; Bauer, J.; Banks, M. Development of a valid and reliable malnutrition screening tool for adult acute
hospital patients. Nutrition 1999, 15, 458–464. [CrossRef]
Keller, H.H.; Goy, R.; Kane, S.L. Validity and reliability of SCREEN II (Seniors in the Community: Risk evaluation for eating and
nutrition, Version II). Eur. J. Clin. Nutr. 2005, 59, 1149–1157. [CrossRef] [PubMed]
Keller, H.H.; McKenzie, J.D.; Goy, R.E. Construct validation and test–retest reliability of the seniors in the community: Risk
evaluation for eating and nutrition questionnaire. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2001, 56, 552–558. [CrossRef]
Overcash, J.A.; Beckstead, J.; Extermann, M.; Cobb, S. The abbreviated comprehensive geriatric assessment (aCGA): A retrospective analysis. Crit. Rev. Oncol. Hematol. 2005, 54, 129–136. [CrossRef]
Bongue, B.; Buisson, A.; Dupre, C.; Beland, F.; Gonthier, R.; Crawford-Achour, É. Predictive performance of four frailty screening
tools in community-dwelling elderly. BMC Geriatr. 2017, 17, 262–268. [CrossRef] [PubMed]
Thompson, M.Q.; Theou, O.; Tucker, G.R.; Adams, R.J.; Visvanathan, R. FRAIL scale: Predictive validity and diagnostic test
accuracy. Australas J. Ageing 2020, 39, 529–536. [CrossRef]
Dong, L.; Qiao, X.; Tian, X.; Liu, N.; Jin, Y.; Si, H.; Wang, C. Cross-cultural adaptation and validation of the FRAIL scale in Chinese
community-dwelling older adults. J. Am. Med. Dir. Assoc. 2018, 19, 12–17. [CrossRef] [PubMed]
Van Kan, G.A.; Rolland, Y.; Bergman, H.; Morley, J.E.; Kritchevsky, S.B.; Vellas, B.; On Behalf of the Geriatric Advisory, P. The
I.A.N.A. task force on frailty assessment of older people in clinical practice. J. Nutr. Health Aging 2008, 12, 29–37. [CrossRef]
Drubbel, I.; Numans, M.E.; Kranenburg, G.; Bleijenberg, N.; de Wit, N.J.; Schuurmans, M.J. Screening for frailty in primary care:
A systematic review of the psychometric properties of the frailty index in community-dwelling older people. BMC Geriatr. 2014,
14, 27–35. [CrossRef]
Sukkriang, N.; Punsawad, C. Comparison of geriatric assessment tools for frailty among community elderly. Heliyon 2020,
6, e04797. [CrossRef]
Vellas, B.; Balardy, L.; Gillette-Guyonnet, S.; Abellan Van Kan, G.; Ghisolfi-Marque, A.; Subra, J.; Bismuth, S.; Oustric, S.; Cesari,
M. Looking for frailty in community-dwelling older persons: The gerontopole frailty screening tool (GFST). J. Nutr. Health Aging
2013, 17, 629–631. [CrossRef] [PubMed]
Dent, E.; Kowal, P.; Hoogendijk, E.O. Frailty measurement in research and clinical practice: A review. Eur. J. Case Rep. Intern. Med.
2016, 31, 3–10. [CrossRef]
Peters, L.; Boter, H.; Buskens, E.; Slaets, J. Measurement properties of the groningen frailty indicator in home-dwelling and
institutionalized elderly people. J. Am. Med. Dir. Assoc. 2012, 13, 546–551. [CrossRef] [PubMed]
Gobbens, R.J.; van Assen, M.A.; Luijkx, K.G.; Wijnen-Sponselee, M.T.; Schols, J.M. The Tilburg frailty indicator: Psychometric
properties. J. Am. Med. Dir. Assoc. 2010, 11, 344–355. [CrossRef]
Gobbens, R.J.; Boersma, P.; Uchmanowicz, I.; Santiago, L.M. The tilburg frailty indicator (TFI): New evidence for its validity. Clin.
Interv. Aging 2020, 15, 265–274. [CrossRef] [PubMed]
Gobbens, R.; van Assen, M.; Luijkx, K.; Schols, J. The Predictive validity of the tilburg frailty indicator: Disability, health care
utilization, and quality of life in a population at risk. Gerontologist 2012, 52, 619–631. [CrossRef]
Dong, L.; Liu, N.; Tian, X.; Qiao, X.; Gobbens, R.J.; Kane, R.L.; Wang, C. Reliability and validity of the Tilburg Frailty Indicator
(TFI) among Chinese community-dwelling older people. Arch. Gerontol. Geriatr. 2017, 73, 21–28. [CrossRef]
Zhang, X.; Tan, S.S.; Bilajac, L.; Alhambra-Borrás, T.; Garcés-Ferrer, J.; Verma, A.; Koppelaar, E.; Markaki, A.; Mattace-Raso, F.;
Raat, H.; et al. Reliability and validity of the tilburg frailty indicator in 5 European countries. J. Am. Med. Dir. Assoc. 2020, 21,
772–779. [CrossRef] [PubMed]
Daniels, R.; van Rossum, E.; Beurskens, A.; van den Heuvel, W.; de Witte, L. The predictive validity of three self-report screening
instruments for identifying frail older people in the community. BMC Public Health 2012, 12, 69. [CrossRef] [PubMed]
Mazoochi, F.; Gobbens, R.J.; Lotfi, M.-s.; Fadayevatan, R. Diagnostic accuracy of the Tilburg Frailty Indicator (TFI) for early frailty
detection in elderly people in Iran. Arch. Gerontol. Geriatr. 2020, 91, 104187. [CrossRef] [PubMed]
Saliba, D.; Elliott, M.; Rubenstein, L.Z.; Solomon, D.H.; Young, R.T.; Kamberg, C.J.; Carol Roth, R.; MacLean, C.H.; Shekelle, P.G.;
Sloss, E.M. The vulnerable elders survey: A tool for identifying vulnerable older people in the community. J. Am. Geriatr. Soc.
2001, 49, 1691–1699. [CrossRef]
Locquet, M.; Beaudart, C.; Reginster, J.-Y.; Petermans, J.; Bruyère, O. Comparison of the performance of five screening methods
for sarcopenia. Clin. Epidemiol. 2017, 10, 71–82. [CrossRef]
Bahat, G.; Tufan, A.; Tufan, F.; Kilic, C.; Akpinar, T.S.; Kose, M.; Erten, N.; Karan, M.A.; Cruz-Jentoft, A.J. Cut-off points to identify
sarcopenia according to European Working Group on Sarcopenia in Older People (EWGSOP) definition. Clin. Nutr. 2016, 35,
1557–1563. [CrossRef]
Goodman, M.J.; Ghate, S.R.; Mavros, P.; Sen, S.; Marcus, R.L.; Joy, E.; Brixner, D.I. Development of a practical screening tool to
predict low muscle mass using NHANES 1999–2004. J. Cachexia Sarcopenia Muscle 2013, 4, 187–197. [CrossRef]
Ishii, S.; Tanaka, T.; Shibasaki, K.; Ouchi, Y.; Kikutani, T.; Higashiguchi, T.; Obuchi, S.P.; Ishikawa-Takata, K.; Hirano, H.; Kawai,
H. Development of a simple screening test for sarcopenia in older adults. Geriatr. Gerontol. Int. 2014, 14, 93–101. [CrossRef]
Rossi, A.P.; Micciolo, R.; Rubele, S.; Fantin, F.; Caliari, C.; Zoico, E.; Mazzali, G.; Ferrari, E.; Volpato, S.; Zamboni, M. Assessing the
risk of sarcopenia in the elderly: The Mini Sarcopenia Risk Assessment (MSRA) questionnaire. J. Nutr. Health Aging 2017, 21,
743–749. [CrossRef]

Nutrients 2021, 13, 2316

24 of 26

112. Nawi, S.M.; Khow, K.S.; Lim, W.S.; Yu, S.C. Screening tools for sarcopenia in community-dwellers: A scoping review. Ann. Acad,
Med. Singap. 2019, 48, 201–216.
113. Woo, J.; Leung, J.; Morley, J.E. Validating the SARC-F: A suitable community screening tool for sarcopenia? J. Am. Med. Dir. Assoc.
2014, 15, 630–634. [CrossRef] [PubMed]
114. Yu, S.; Appleton, S.; Chapman, I.; Adams, R.; Wittert, G.; Visvanathan, T.; Visvanathan, R. An anthropometric prediction equation
for appendicular skeletal muscle mass in combination with a measure of muscle function to screen for sarcopenia in primary and
aged care. J. Am. Med. Dir. Assoc. 2015, 16, 25–30. [CrossRef] [PubMed]
115. Fielding, R.A.; Vellas, B.; Evans, W.J.; Bhasin, S.; Morley, J.E.; Newman, A.B.; van Kan, G.A.; Andrieu, S.; Bauer, J.; Breuille, D.
Sarcopenia: An undiagnosed condition in older adults. Current consensus definition: Prevalence, etiology, and consequences.
International working group on sarcopenia. J. Am. Med. Dir. Assoc. 2011, 12, 249–256. [CrossRef] [PubMed]
116. Chen, L.-K.; Liu, L.-K.; Woo, J.; Assantachai, P.; Auyeung, T.-W.; Bahyah, K.S.; Chou, M.-Y.; Chen, L.-Y.; Hsu, P.-S.; Krairit, O.
Sarcopenia in Asia: Consensus report of the Asian Working Group for Sarcopenia. J. Am. Med. Dir. Assoc. 2014, 15, 95–101.
[CrossRef] [PubMed]
117. Morley, J.E.; Abbatecola, A.M.; Argiles, J.M.; Baracos, V.; Bauer, J.; Bhasin, S.; Cederholm, T.; Coats, A.J.S.; Cummings, S.R.; Evans,
W. Sarcopenia with limited mobility: An international consensus. J. Am. Med. Dir. Assoc. 2011, 12, 403–409. [CrossRef]
118. Roberts, S.; Chaboyer, W.; Marshall, A.P. Hospital patients’ perceptions of using a technology-based intervention to participate in
their nutrition care: A qualitative descriptive study. Clin. Nutr. 2020, 39, 79–86.
119. Roberts, S.; Marshall, A.; Gonzalez, R.; Chaboyer, W. Technology to engage hospitalised patients in their nutrition care: A
qualitative study of usability and patient perceptions of an electronic foodservice system. J. Hum. Nutr. Diet. 2017, 30, 563–573.
[CrossRef]
120. Borkent, J.W.; Naumann, E.; Vasse, E.; van der Heijden, E.; de van der Schueren, M.A.E. Prevalence and determinants of
undernutrition in a sample of dutch community-dwelling older adults: Results from two online screening tools. Int. J. Environ.
Res. Public Health 2019, 16, 1562.
121. Bullock, A.F.; Greenley, S.L.; Patterson, M.J.; McKenzie, G.A.G.; Johnson, M.J. Patient, family and carer experiences of nutritional
screening: A systematic review. J. Hum. Nutr. Diet. 2020, 34, 595–603. [CrossRef]
122. Norman, K.; Schütz, T.; Kemps, M.; Josef Lübke, H.; Lochs, H.; Pirlich, M. The subjective global assessment reliably identifies
malnutrition-related muscle dysfunction. Clin. Nutr. 2005, 24, 143–150. [CrossRef] [PubMed]
123. Guigoz, Y.; Vellas, B.; Garry, P.J. Mini nutritional assessment: A practical assessment tool for grading the nutritional state of
elderly patients. Facts Res. Gerontol. 1997, 1, 15–60.
124. Cereda, E. Mini nutritional assessment. Curr. Opin. Clin. Nutr. Metab. Care 2012, 15, 29–41. [CrossRef] [PubMed]
125. Marshall, S.; Craven, D.; Kelly, J.; Isenring, E. A systematic review and meta-analysis of the criterion validity of nutrition
assessment tools for diagnosing protein-energy malnutrition in the older community setting (the MACRo study). Clin. Nutr.
2018, 37, 1902–1912. [CrossRef] [PubMed]
126. Apóstolo, J.; Cooke, R.; Bobrowicz-Campos, E.; Santana, S.; Marcucci, M.; Cano, A.; Vollenbroek-Hutten, M.; Germini, F.; Holland,
C. Predicting risk and outcomes for frail older adults: An umbrella review of frailty screening tools. JBI Database Syst. Rev.
Implement. Rep. 2017, 15, 1154–1208. [CrossRef]
127. Ma, L. Current situation of frailty screening tools for older adults. J. Nutr. Health Aging 2019, 23, 111–118. [CrossRef]
128. Hogan, D.B.; Maxwell, C.J.; Afilalo, J.; Arora, R.C.; Bagshaw, S.M.; Basran, J.; Bergman, H.; Bronskill, S.E.; Carter, C.A.; Wunsch,
H.; et al. A scoping review of frailty and acute care in middle-aged and older individuals with recommendations for future
research. Can. Geriatr. J. 2017, 20, 22–37. [CrossRef] [PubMed]
129. Zanker, J.; Zanker, J.; Scott, D.; Scott, D.; Reijnierse, E.M.; Reijnierse, E.M.; Brennan-Olsen, S.L.; Brennan-Olsen, S.L.; Daly, R. M;
Australian and New Zealand Society for Sarcopenia and Frailty Research Task Force on Diagnostic Criteria for Sarcopenia; et al.
Establishing an operational definition of sarcopenia in Australia and New Zealand: Delphi method based consensus statement. J.
Nutr. Health Aging 2019, 23, 105–110. [CrossRef]
130. Yoshimura, Y.; Wakabayashi, H.; Yamada, M.; Kim, H.; Harada, A.; Arai, H. Interventions for treating sarcopenia: A systematic
review and meta-analysis of randomized controlled studies. J. Am. Med. Dir. Assoc. 2017, 18, 1–16. [CrossRef]
131. Ng, T.; Feng, L.; Nyunt, M.; Feng, L.; Niti, M.; Tan, B.; Chan, G.; Khoo, S.; Chan, S.; Yap, P.; et al. Nutritional, physical, cognitive,
and combination interventions and frailty reversal among older adults: A randomized controlled trial. Am. J. Med. 2015, 128,
1225–1236. [CrossRef]
132. Jyväkorpi, S.K.; Ramel, A.; Strandberg, T.E.; Piotrowicz, K.; Błaszczyk-B˛ebenek, E.; Urtamo, A.; Rempe, H.M.; Geirsdóttir,
Ó.; Vágnerová, T.; Landi, F.; et al. The sarcopenia and physical frailty in older people: Multi-component treatment strategies
(SPRINTT) project: Description and feasibility of a nutrition intervention in community-dwelling older Europeans. Eur. Geriatr.
Med. 2021, 12, 303–312. [CrossRef]
133. Hsieh, T.J.; Su, S.C.; Chen, C.W.; Kang, Y.W.; Hu, M.H.; Hsu, L.L.; Wu, S.Y.; Chen, L.; Chang, H.Y.; Hsu, C.C.; et al. Individualized
home-based exercise and nutrition interventions improve frailty in older adults: A randomized controlled trial. Int. J. Behav. Nutr.
Phys. Act. 2019, 16, 119–134. [CrossRef] [PubMed]
134. Rolland, Y.; Dupuy, C.; Abellan van Kan, G.; Gillette, S.; Vellas, B. Treatment strategies for sarcopenia and frailty. Med. Clin. North.
Am. 2011, 95, 427–438. [CrossRef] [PubMed]

Nutrients 2021, 13, 2316

25 of 26

135. Leggo, M.; Banks, M.; Isenring, E.; Stewart, L.; Tweeddale, M. A quality improvement nutrition screening and intervention
program available to home and community care eligible clients. Nutr. Diet. 2008, 65, 162–167. [CrossRef]
136. Hamirudin, A.; Charlton, K.; Walton, K.; Bonney, A.; Albert, G.; Hodgkins, A.; Ghosh, A.; Potter, J.; Milosavljevic, M.; Dalley, A.
Implementation of nutrition screening for older adults in general practice: Patient perspectives indicate acceptability. J. Aging Res.
Clin. Pr. 2016, 5, 7–13.
137. Hamirudin, A.H.; Walton, K.; Charlton, K.; Carrie, A.; Tapsell, L.; Milosavljevic, M.; Pang, G.; Potter, J. Feasibility of home-based
dietetic intervention to improve the nutritional status of older adults post-hospital discharge. Nutr. Diet. 2017, 74, 217–223.
[CrossRef] [PubMed]
138. Charlton, K.; Walton, K.; Moon, I.; Smith, K.; Mcmahon, A.; Ralph, F.; Stuckey, M.; Manning, F.; Krassie, J. “It could probably help
someone else but not me”: A feasibility study of a snack programme offered to meals on wheels clients. J. Nutr. Health Aging
2013, 17, 364–369.135. [CrossRef] [PubMed]
139. Cameron, I.D.; Fairhall, N.; Langron, C.; Lockwood, K.; Monaghan, N.; Aggar, C.; Sherrington, C.; Lord, S.R.; Kurrle, S.E.
A multifactorial interdisciplinary intervention reduces frailty in older people: Randomized trial. BMC Med. 2013, 11, 65–75.
[CrossRef]
140. Milte, R.; Miller, M.D.; Crotty, M.; Mackintosh, S.; Thomas, S.; Cameron, I.D.; Whitehead, C.; Kurrle, S.; Ratcliffe, J. Costeffectiveness of individualized nutrition and exercise therapy for rehabilitation following hip fracture. J. Rehabil. Med. 2016, 48,
378–385. [CrossRef]
141. Volkert, D.; Beck, A.M.; Cederholm, T.; Cruz-Jentoft, A.; Goisser, S.; Hooper, L.; Kiesswetter, E.; Maggio, M.; Raynaud-Simon, A.;
Sieber, C.C.; et al. ESPEN guideline on clinical nutrition and hydration in geriatrics. Clin. Nutr. 2019, 38, 10–47. [CrossRef]
142. Watterson, C.; Fraser, A.; Banks, M.; Isenring, E.; Miller, M.; Silvester, C.; Hoevenaars, R.; Bauer, J.; Vivanti, A.; Ferguson, M.
Evidence based practice guidelines for the nutritional management of malnutrition in adult patients across the continuum of care.
Nutr. Diet. 2009, 66, 1–34.
143. Wyers, C.; Reijven, P.; Breedveld-Peters, J.; Denissen, K.; Schotanus, M.; van Dongen, M.; Eussen, S.; Heyligers, I.; van den Brandt,
P.; Dagnelie, P.C.; et al. Efficacy of nutritional intervention in elderly after hip fracture: A multicenter randomized controlled trial.
J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2018, 73, 1429–1437. [CrossRef]
144. Young, K.; Bunn, F.; Trivedi, D.; Dickinson, A. Nutritional education for community dwelling older people: A systematic review
of randomised controlled trials. Int. J. Nurs Stud. 2011, 48, 751–780. [CrossRef]
145. Marshall, S.; Agarwal, E.; Young, A.; Isenring, E. Role of domiciliary and family carers in individualised nutrition support for
older adults living in the community. Maturitas 2017, 98, 20–29. [CrossRef]
146. Marshall, S.; Bauer, J.; Capra, S.; Isenring, E. Are informal carers and community care workers effective in managing malnutrition
in the older adult community? A systematic review of current evidence. J. Nutr. Health Aging 2013, 17, 645–651. [CrossRef]
[PubMed]
147. Beck, A.M.; Holst, M.; Rasmussen, H.H. Oral nutritional support of older (65 years+) medical and surgical patients after discharge
from hospital: Systematic review and meta-analysis of randomized controlled trials. Clin. Rehabil. 2013, 27, 19–27. [CrossRef]
[PubMed]
148. Beck, A.M.; Kjær, S.; Hansen, B.S.; Storm, R.L.; Thal-Jantzen, K.; Bitz, C. Follow-up home visits with registered dietitians have a
positive effect on the functional and nutritional status of geriatric medical patients after discharge: A randomized controlled trial.
Clin. Rehabil. 2013, 27, 483–493. [CrossRef] [PubMed]
149. Hubbard, G.P.; Elia, M.; Holdoway, A.; Stratton, R.J. A systematic review of compliance to oral nutritional supplements. Clin.
Nutr. 2012, 31, 293–312. [CrossRef]
150. Fielding, R.A.; Travison, T.G.; Kirn, D.R.; Koochek, A.; Reid, K.F.; von Berens, Å.; Zhu, H.; Folta, S.C.; Sacheck, J.M.; Cederholm,
T.; et al. Effect of structured physical activity and nutritional supplementation on physical function in mobility-limited older
adults: Results from the VIVE2 randomized trial. J. Nutr. Health Aging 2017, 21, 936–942. [CrossRef]
151. Wright, J.; Baldwin, C. Oral nutritional support with or without exercise in the management of malnutrition in nutritionally
vulnerable older people: A systematic review and meta-analysis. Clin. Nutr. 2018, 37, 1879–1891. [CrossRef]
152. Rattray, M.; Desbrow, B.; Marshall, A.P.; von Papen, M.; Roberts, S. Evaluation of an intervention to improve nutrition intake in
patients undergoing elective colorectal surgery: A mixed-methods pilot study. Nutrition 2021, 84, 111015. [CrossRef]
153. Ginzburg, Y.; Shmilovitz, I.; Monastyrsky, N.; Endevelt, R.; Shahar, D.R. Barriers for nutritional care in the transition from hospital
to the community among older patients. Clin. Nutr. 2018, 25, 56–62. [CrossRef]
154. Reinders, I.; Volkert, D.; de Groot, L.; Beck, A.M.; Feldblum, I.; Jobse, I.; Neelemaat, F.; de van der Schueren, M.; Shahar, D.R.;
Visser, M.; et al. Effectiveness of nutritional interventions in older adults at risk of malnutrition across different health care
settings: Pooled analyses of individual participant data from nine randomized controlled trials. Clin. Nutr. 2019, 38, 1797–1806.
[CrossRef]
155. Mills, S.R.; Wilcox, C.R.; Ibrahim, K.; Roberts, H.C. Can fortified foods and snacks increase the energy and protein intake of
hospitalised older patients? A systematic review. J. Hum. Nutr. Diet. 2018, 31, 379–389. [CrossRef]
156. Walton, K.; Rosario, V.A.; Pettingill, H.; Cassimatis, E.; Charlton, K. The impact of home-delivered meal services on the nutritional
intake of community living older adults: A systematic literature review. J. Hum. Nutr. Diet. 2020, 33, 38–47. [CrossRef]
157. Walton, K.; Charlton, K.E.; Manning, F.; McMahon, A.T.; Galea, S.; Evans, K. The nutritional status and energy and protein intakes
of MOW clients and the need for further targeted strategies to enhance intakes. Appetite 2015, 95, 528–532. [CrossRef]

Nutrients 2021, 13, 2316

26 of 26

158. Vanherle, K.; Werkman, A.M.; Baete, E.; Barkmeijer, A.; Kolm, A.; Gast, C.; Ramminger, S.; Höld, E.; Kohlenberg-Müller, K.;
Valentini, L.; et al. Proposed standard model and consistent terminology for monitoring and outcome evaluation in different
dietetic care settings: Results from the EU-sponsored IMPECD project. Clin. Nutr. 2018, 37, 2206–2216. [CrossRef] [PubMed]
159. Cant, R. What outcome measures do Australian dietitians use to evaluate nutrition education interventions with individual
patients? Nutr. Diet. 2008, 65, 284–291. [CrossRef]
160. Splett, P.; Myers, E.F.; Splett, P.; Mn, S.P.; Myers, E.F. A proposed model for effective nutrition care. J. Am. Diet. Assoc. 2001, 101,
357–363. [CrossRef]
161. Russel, C. Addressing Malnutrition in Older Adults during Care Transition; Meals on Wheels America: Arlington, VA, USA, 2019.
162. Hancock, R.E.E.; Bonner, G.; Hollingdale, R.; Madden, A.M. ‘If you listen to me properly, I feel good’: A qualitative examination
of patient experiences of dietetic consultations. J. Hum. Nutr. Diet. 2012, 25, 275–284. [CrossRef]
163. Hazzard, E.; Barone, L.; Mason, M.; Lambert, K.; McMahon, A. Patient-centred dietetic care from the perspectives of older
malnourished patients. J. Hum. Nutr. Diet. 2017, 30, 574–587. [CrossRef]
164. Skladany, L.; Vnencakova, J.; Laffers, L.; Skvarkova, B.; Hrubá, E.; Molcan, P.; Koller, T. Adherence to oral nutritional supplements
after being discharged from the hospital is low but improves outcome in patients with advanced chronic liver disease. Patient
Prefer. Adherence 2021, 14, 2559–2572. [CrossRef]
165. Neelemaat, F.; Bosmans, J.; Thijs, A.; Seidell, J.; van Bokhorst-de van der Schueren, M. Post-discharge nutritional support in
malnourished elderly individuals improves functional limitations. J. Am. Med. Dir. Assoc. 2011, 12, 295–301. [CrossRef] [PubMed]
166. McMurdo, M.; Price, R.; Shields, M.; Potter, J.; Stott, D.J. Should oral nutritional supplementation be given to undernourished
older people upon hospital discharge? A controlled trial. J. Am. Geriatr. Soc. 2009, 57, 2239–2245. [CrossRef]
167. Starr, K.N.P.; McDonald, S.R.; Bales, C.W. Nutritional vulnerability in older adults: A continuum of concerns. Curr. Nutr. Rep.
2015, 4, 176–184. [CrossRef]
168. Holst, M.; Rasmussen, H.H. Nutrition therapy in the transition between hospital and home: An investigation of barriers. Nutr.
Metab. 2013, 2013, 463751–463758. [CrossRef] [PubMed]
169. Halvorsen, K.; Eide, H.K.; Sortland, K.; Almendingen, K. Documentation and communication of nutritional care for elderly
hospitalized patients: Perspectives of nurses and undergraduate nurses in hospitals and nursing homes. BMC Nurs. 2016, 15, 70.
[CrossRef] [PubMed]
170. O0 Connell, M.B.; Jensen, P.S.; Andersen, S.L.; Fernbrant, C.; Nørholm, V.; Petersen, H.V. Stuck in tradition-A qualitative study
on barriers for implementation of evidence-based nutritional care perceived by nursing staff. J. Clin. Nurs. 2018, 27, 705–714.
[CrossRef] [PubMed]
171. Hestevik, C.H.; Molin, M.; Debesay, J.; Bergland, A.; Bye, A. Older patients’ and their family caregivers’ perceptions of food,
meals and nutritional care in the transition between hospital and home care: A qualitative study. BMC Nutr. 2020, 6. [CrossRef]

