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Introduction

Abstract

Increasing longevity, coupled with rising frailty and sarcopenia of aging,
significantly affects function and quality of life of older adults. This
review discusses the definition, assessment, and management of frailty
and sarcopenia, and examines the relationship between them. Medline,
Scopus and Psychoinfo databases were searched using the keywords
frailty, sarcopenia, aging, and functional disability. The findings are that
frailty and sarcopenia are often assessed clinically with such methods such
as DeXA, CT scan, MRI, bioelectrical impedance, or anthropometry.
Frailty and sarcopenia differentially affect older adults. Both conditions
are characterized by decreased energy reserves and resistance to external
and internal stressors, resulting in susceptibility to fatigue, comorbidity,
sedentary life style, functional decline, hospitalization, quality of life, and
even death. The estimated prevalence of frailty with sarcopenia is rela-
tively low; however, the condition requires early detection and careful
management.
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any other age group (WHO 2015). Today, life
expectancy of a 65-year old person is 3—4 years

This article reviews the body of knowledge
related to frailty and sarcopenia. According to a
recent report by the WHO, the proportion of
people aged over 65 increases faster than that of
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more than it was 20 years ago; meaning more
people are getting old, and more old people are
getting older. Aging is accompanied by gradual,
yet progressive changes in all biological systems,
and it affects physical, cognitive, psychological,
and social abilities. More specifically, the aging
process is accompanied by changes in physical
activity, decline in lean body mass, and reduced
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muscle mass and strength, leading to primary
sarcopenia (Cruz-Jentoft et al. 2014; Landi
et al. 2014).

Primary sarcopenia is an age-related syn-
drome mainly represented by a reduction in mus-
cle mass and strength and difficulties performing
daily living activities. Frailty is a physiological
decline in many biological systems resulting
in poor health, weight loss, moderate to severe
dependency in daily living activities, recurrent
hospitalizations, and death (Turner et al. 2014;
Rodriguez-Manas et al. 2013; Heuberger 2011;
Sternberg et al. 2011; Xue 2011; Lang et al.
2009; Walston et al. 2006; Fried et al. 2001;
Hamerman 1999). The link between frailty and
sarcopenia is not well-described in the literature.
The conditions are interrelated conditions and
lead to difficulties performing daily living
activities and increased disability (Peters et al.
2012; Raiche et al. 2008; Ravaglia et al. 2008;
Saliba et al. 2001). A review by McCleary et al.
(2014) has stressed that older adults with frailty
or sarcopenia are prone to complications during
cancer treatment. Guidelines published in 2010
by the American College of Surgeons indicate
the importance of assessing both frailty and
sarcopenia prior to oncologic surgery in the
elderly (Chow et al. 2012).

Despite the challenges in clarifying the defi-
nition of these conditions, assessing them is even
more complex and has less consensus. Some
studies evaluated the presence of frailty or
sarcopenia by using functional assessments,
such as the Katz Index (Figueiredo et al. 2013),
the Short Physical Performance Battery (SPPB)
(Chang et al. 2014), and the Timed Up and Go
(TUG) test (Hassani et al. 2015). Furthermore, it
has been shown that function is the most impor-
tant  prognostic measure in  predicting
co-morbidities and mortality (Inouye et al.
1998). It is also reasonable to assume the pres-
ence of a cognitive decline related to frailty with
or without primary sarcopenia (Bowen 2012;
Vermeulen et al. 2011). Therefore, assessment
of the older adult should performed be according
to The International Classification of Function-
ing, Disability and Health (ICF) (Azzopardi et al.
2016; Cao and Morley 2016). This includes
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several psychosocial, cognitive, functional, rec-
reational, and participation domains. Early
screening for frailty may be valuable for
preventing or minimizing sarcopenia and hope-
fully reversing it. The prevalence of these indi-
vidual and combined medical diagnoses is of
interest because of their association with health
prevention, prognosis, and intervention. The pur-
pose of this review is to describe frailty and
sarcopenia, define their assessment and manage-

ment, and to examine the relationship
between them.
2 Sarcopenia Definition

The term sarcopenia was first defined by Irwin
Rosenberg in 1989 (Rosenberg 1989). The cur-
rently accepted definition includes three phases
of the health condition, as introduced by the
European Working Group on Sarcopenia in
Older People (EWGSOP). This group has devel-
oped a practical clinical definition and diagnostic
criteria for age-related sarcopenia (Cruz-Jentoft
et al. 2014). The first phase is defined as
pre-sarcopenia, where a reduction in muscle
mass is observed. This is followed by decreased
muscle strength (i.e., sarcopenia), followed by
the third phase, severe sarcopenia, that occurs
when, in addition to reduction in muscle mass
and strength, physical performance declines.
Another definition of sarcopenia has been
introduced in Rome, Italy in November 2009 by
the International Working Group on Sarcopenia.
That definition emphasizes the evaluation of
walking speed and measuring muscle mass
(Fielding et al. 2011). Recently, the term muscle
quality (MQ) has been suggested in the clinical
setting to describe the ratio between muscle
power and muscle mass (Barbat-Artigas et al.
2012). Thus, MQ can be regarded as a clinical
marker of muscle efficiency. Whatever the defi-
nition, the prevalence of sarcopenia is reported as
up to one-third of older adults (Walston et al.
2006; Fried et al. 2001).
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3 Anthropometric Assessment

The most frequent methods used in clinical prac-
tice are anthropometric. These are noninvasive,
quantitative techniques for determining body
composition by analyzing specific dimensions,
such as height and weight; skin-fold thickness;
and waist, hip, and chest circumference. Body
mass index (BMI) is one of the most popular and
important indices to assess body composition
(Kulkarni et al. 2013). References for cut-off
points for low or high BMI for males and females
were established in diverse populations (Yu et al.
2015; Araujo et al. 2010). Interestingly, the
cut-off points for Caucasians are higher than for
Asians (Silva et al. 2010).

Anthropometrics are simple, clinical tools that
can be easily used for sarcopenia because they
are the most portable, commonly applicable,
inexpensive, and non-invasive techniques for
assessing the size, proportion, and composition
of the human body. However, their validity is
limited when applied to individuals due to a
large prediction errors and because the cut-off
points to identify low muscle mass still need to
be defined. Therefore, if a patient is identified as
being at-risk for sarcopenia based on
anthropometrics, additional measurements of
muscle mass with dual-energy X-ray absorptiom-
etry (DeXA) is recommended (Villani et al.
2013, 2014).

3.1 Leg and Arm Circumference
Limb circumferences correlate with appendicu-
lar muscle mass and reflect both health and
nutritional status. They also predict physical per-
formance, health and survival in older people
(Landi et al. 2010, 2014; Rolland et al. 2003).
The validity of measuring lower limb circumfer-
ence to detect sarcopenia is still debatable and
the inter-tester reliability is weak.
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3.2 Skin Fold Thickness

Loss of skin elasticity and subcutaneous fat can
provide a general idea of body composition. The
association between obesity and sarcopenia is
widely reported (Visser et al. 2002). It is
accepted that decreased muscle mass and/or mus-
cle strength occurs with adipose cell infiltration
into muscle or through lipogenesis of satellite
cells (adult stem cells) that differentiate to
adipocytes instead of myocytes (Vettor et al.
2009). A caliper is used to measure subcutaneous
tissue. The skin fold pinch can be taken at many
sites around the body. The most common are the
triceps, a site 1 cm below the inferior angle of
the scapula, and another site immediately above
the iliac crest (top of hip bone) on the most lateral
aspect. Because of high errors involved, it is
usually not appropriate to convert skin fold
measures to percentage body fat (%BF). There-
fore, it is best to use the sum of the three sites to
monitor and compare body fat measures. Inter-
estingly, a study by Tamura et al. (2012) has
suggested evaluating sarcopenia of the lingual
muscles by measuring tongue thickness. The
idea behind this is that elderly people often suffer
from malnutrition caused by dysphagia. This
often leads to sarcopenia, which may compro-
mise oral function. Thus, tongue thickness could
be related to nutritional status. However, it must
be measured using ultrasonography.

4 Muscle Mass Assessment

Decreased muscle mass is defined as a slow,
progressive reduction in the cross-sectional area
CSA) of muscle fibers (Wei et al. 2016). Initially,
the sarcoplasm volume decreases, then the fast
twitch (type II) muscle fibers get shorter,
followed by a shrinking diameter of slow twitch
(type I) muscle fibers (Drey 2011).
Corresponding to this reduction in fiber CSA, is
a progressive increase in dense interstitial colla-
gen and adipose connective tissue (Scott et al.
2015). At a later stage, termed the ultra-structural
level, sarcopenic fibers show evidence of
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disorganization, including misalignment of Z
bands, dissociation of the T system and a dis-
placement of sarcosomes due to distraction of
intermediate filaments that hold the sarcosome
in place. These changes are similar to those seen
in muscular dystrophy (Malatesta et al. 2014).
Structural changes also occur in the extracellular
matrix, including an increase in collagen concen-
tration and a change in the elastic fiber system.
These changes in the elastic fiber result in
increased tissue stiffness, which also plays a
role in the overall decrease in muscle function.
When measuring muscle mass, the cross-
sectional area, the interstitial connective tissue,
and the subcutaneous adipose tissue should all be
considered. In the absence of a gold standard, a
few general and specific outcome measures are
used to assess muscle mass. The general, indirect
tools to assess muscle mass include biochemical
markers, nutrition intake, body mass index
(BMI), and bioelectrical impedance analysis
(BIA). Tools that are more direct, yet
non-invasive include imaging techniques such
as magnetic resonance imaging (MRI), DeXA,
and computed tomography (CT) scan, as well as
anthropometrics to assess leg and arm
circumferences and skin fold thickness.

4.1 Biochemical Markers

Certain biological molecules, assessed in venous
blood serum, have been mentioned as possible
biochemical markers to detect decreased muscle
mass. These include elevated expression of
activin A (>0.35 ng/ml) (Ding et al. 2016) and
myostatin (Wang and Mitch 2014; Hittel et al.
2009), and a decreased (<4.2 ng/mL) level of
N-terminal peptide of procollagen type III
(P3NP) (Fragala et al. 2014). Although, these
molecules are being studied for their ability to
indicate reduced muscle mass, current data sug-
gest that it is premature to recommend their use
in daily practice (Beaudart et al. 2016).
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4.2 Imaging Assessment

Imaging is considered a valid tool, yet it is
expensive and not always accessible to assess
muscle mass. Techniques include MRI, DeXA,
and CT. Imaging studies allow the assessment of
body composition to be included in standard
clinical or supportive care (Mitsiopoulos et al.
1998).

4.2.1 Dual-Energy X-Ray
Absorptiometry (DeXA)

DeXA is a low-radiation technique to measure
and estimate appendicular skeletal lean mass.
Yet it cannot assess intra-muscular fat (Cruz-
Jentoft et al. 2014; Levine et al. 2000). DeXA
scan can only produce two-dimensional images
and therefore cannot distinguish between subcu-
taneous and visceral adipose tissue.

Measuring appendicular skeletal lean mass
can provide the ratio of individual body compo-
sition by calculating the sum of the non-fat and
non-bone mass of the four limbs. As proposed by
the European Society of Parenteral and Enteral
Nutrition Special Interest Group (Cruz-Jentoft
et al. 2014), two standard deviations below the
mean level of young individuals (matched for
age and gender) is considered a cut-off point for
low muscle mass due to sarcopenia (e.g., appen-
dicular mass relative to height squared, which is
<7.23 kg/m2 in men and <5.67 kg/m2 in
women). DeXA and BMI screening for muscle
mass provide valid information. They were
found to be very sensitive for estimating appen-
dicular skeletal muscle mass of the lower limbs.
Adjustment of anthropometric measurements for
age, sex, or BMI could provide a better correla-
tion with DeXA-measured lean mass (Dunsky
et al. 2014).

4.2.2 Magnetic Resonance Imaging
(MRI)

To determine whole body composition, MRI is

used to provide valid, quantified volumetric

information about soft and hard tissues such as

muscle, subcutaneous adipose, intermuscular

adipose and bone (Buford et al. 2012). The
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main advantages of MRI are that it provides
excellent spatial resolution and differentiates
body mass composition without radiation expo-
sure. However, as with CT scan, DeXA, and
BIA, MRI cannot analyze skeletal muscle qual-
ity. Yet it is more expensive compared to the
other methods and its use is limited by local
availability and technical expertise.

4.2.3 Computed Tomography (CT)

CT scan for assessing body composition has been
shown to be superior to DeXA (Levine et al.
2000). CT can provide information on specific
lean body mass, total body lean body mass, sub-
cutaneous volume, visceral fat mass, total fat
mass, subcutaneous fat-to-muscle ratio, and
visceral-to-subcutaneous adipose tissue ratio
(Mourtzakis et al. 2008). Major advantages of
CT scans are high accuracy and reproducible
results. Disadvantages, however, include radia-
tion exposure and a higher cost compared to BIA
and DeXA.

4,24 Bioelectrical Impedance Analysis
(BIA)

BIA is a widely-available, inexpensive, user-
friendly method that estimates the volume of fat
and lean body mass based on the relation
between the volume of a conductor and its elec-
trical resistance. BIA involves placing electrodes
on the hand and foot and measuring the imped-
ance of a low-level electric current. The imped-
ance is higher for fat and bone compared with
soft tissue. Impedance can be affected by hydra-
tion status and fluid intake. Measurement accu-
racy and reference values have been established
for older individuals (Reiss et al. 2016; Kim et al.
2015; Kim and Kim 2013).

5 Muscle Strength Assessment

The physiological meaning of reduced muscle
strength is a loss of force-generating capacity.
Usually, this loss is not correlated with morpho-
logical changes. In sarcopenia, mass reduction
occurs to a greater extent and faster than strength
reduction does. In clinical settings, hand or leg
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dynamometers are widely used for measuring
muscle strength.

Isokinetic machines are used for research
purposes, and in many cases isokinetic knee
extensor torque is evaluated at 60°, 90°, and
120° (Bottaro et al. 2005). Isometric leg exten-
sion torque is well-correlated with handgrip
strength and functional reach test (Jenkins et al.
2014). As with anthropometrics, this is easy to
perform, inexpensive and does not require spe-
cial training.

Isometric leg extension, to measure quadri-
ceps femoris muscle strength, should be done
while seated on a standard chair with the leg
placed at 45° in knee extension. The manual
muscle tester (MMT) is an ergonomic hand-
held device for objectively quantifying muscle
strength. The test is performed with the clinician
applying force to the patient’s limb. The clinical
objective of the test is to overcome or ‘break’ the
patient’s resistance. The MMT records the peak
force and the time required to achieve the ‘break’
point, while providing reliable, accurate, and sta-
ble muscle strength readings that conform to
most manual muscle testing protocols.

Hand grip strength should be measured while
the patient is seated on a standard chair with the
elbow flexed at 90°. Two measures should be
taken with each arm, while the individual is
encouraged to squeeze as hard as possible for
3-4 s for each trial. The higher of the two
measurements is recorded. There are several
types of hydraulic devices, such as the Jamar
dynamometer (Patterson Medical, Warrenville,
IL), which is the gold standard for this measure-
ment, and pneumatic dynamometers such as the
Martin Vigorimeter (Gebriider Martin GmbH &
Co., Tuttlingen, Germany) which is mostly used
for patients with hand deformity (e.g., rheuma-
toid arthritis).

6 Sarcopenia - Functional
Assessment

Functional performance is an integrative out-
come of the overall effect of health and it reflects
the ability of an individual to perform the
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physical tasks necessary for activities of daily
living (Rosen and Reuben 2011). The Katz
Index is widely used in community living and
skilled nursing facilities to assess ability to dress,
shower/bathe, sit down and rise from a chair, eat,
and walk indoors (Katz 1983). The maximum
score is 15, with a score of five indicating no
functional limitations, a score of 6—10 indicating
some functional limitations, and a score of 11 or
more indicating several functional limitations.
Gait speed measurement is also frequently
used in outpatient clinics. No special equipment
is required, as it only needs a stop watch and a
flat surface. References are suggested by the
EWGSOP (Chiles Shaffer et al. 2016). In the
4-min gait speed test, men and women with a
gait speed <0.8 m/s are described as having poor
physical performance (Cuesta et al. 2015). The
International Working Group on Sarcopenia has
indicated that a diagnosis of sarcopenia is consis-
tent with a gait speed of less than 1 m/s, or less
than 400 m during a 6-min walking test (Fielding
et al. 2011). There are several gait speed tests to
use for sarcopenic individuals, but the Timed Up
and Go (TUG) test (Bijlsma et al. 2014), the
Short Physical Performance Battery (SPPB)
(Steffl et al. 2016), and the five times sit-to-
stand test (FTSST) (Lord et al. 2002) are the
most widely used. These tests best correlate
with mobility and disability. In the TUG test,
individuals are asked to rise from a standard
armchair, walk to a marker 3 m away, turn and
walk back, and sit down again. The SPPB is a
10-min test with a maximum score of 12 points.
It assesses gait speed (over 3-4 m) and
individuals with a score < 8 are characterized
as having poor physical performance. The five
times sit-to-stand test (FTSST) provides a reli-
able and valid indication of lower body strength
and is commonly used. This timed test requires
participants to rise from an armless chair, 43 cm
high without using their arms and return to the
seated position, five consecutive times. The test
begins when the participant stands up from the
initial sitting position at the go command and
ends when the participant is in the final fully
upright position at the end of the fifth stand.
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A Japanese study has developed a screening
tool to diagnose sarcopenia. The model is based
on gender, demographic variables, blood profile
especially albumin level, chronic diseases, phys-
ical activity information and anthropometrics
(Ishii et al. 2014).

6.1 Sarcopenia Management
Patient-centered care has a key role in the man-
agement of sarcopenia. Since sarcopenia is fre-
quently found in association with co-morbidities,
e.g., osteoporosis, type II diabetes mellitus,
chronic heart failure, poor balance, etc., treat-
ment of these conditions is indispensable if the
management of sarcopenia is to succeed. The
intervention should involve a combination of
physical exercises, dietary regimen, and
nutritional supplements.

6.1.1 Physical Exercises (PE)

The PE and progressive resistance training have
a strong effect on muscle strength, muscle mass,
and physical performance in older people (Reid
et al. 2015). There are no specific exercise
protocols designed for individuals with
sarcopenia. Therefore, general recommendations
and guidelines for PE for elderly people
suggested by WHO (2017) can serve as an initial
protocol. General recommendations regarding
the PE intervention in older people have also
been suggested by the Asian Working Group
for Sarcopenia (AWGS) (Chen et al. 2016b). To
improve muscle function, the intervention should
be for at least 3 months. Supervised resistance
exercise or combined exercise programs should
be recommended for sarcopenic or sedentary
community-dwelling people. Progressive resis-
tance, aerobic training predominantly effects
muscle mass and muscle strength. Yet endurance
aerobic training also is crucial to improve the
function of the capillary bed in and around the
muscle fibers and to increase local and systemic
circulation. To improve muscle function, aerobic
training should be performed least three times a
week, for at least 150 min weekly, and for 12 con-
secutive  weeks.  Supervised, progressive
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resistance exercise should be performed
2-3 times a week, for a minimum of 30 min per
week, for at least 3 months (Shad et al. 2016).

6.1.2 Diet and Nutrition

The European Union Geriatric Medicine Society
(EUGMS), in cooperation with the dietary pro-
tein aging study group (PROT-AGE Study
Group), has recently published nutritional
recommendations  for  individuals  with
sarcopenia (Bauer et al. 2013). In general, some
observational studies suggest that adequate pro-
tein intake (0.8—1.2 g/kg/day) and other dietary
supplements (e.g., long-chains (omega—3 and 6)
polyunsaturated fatty acids (PUFAs)) (Da Boit
et al. 2017), B-hydroxy pf-methylbutyrate (HMB),
creatine, and vitamin D, combined with resis-
tance exercise, may help preserve muscle mass
in healthy older people. Supplementation with
creatine, protein, or leucine, combined with exer-
cise, seems to have a positive influence on physi-
cal performance (Martone et al. 2015).

A meta-analysis on diet has suggested that
vitamin D supplementation could increase
lower limb muscle strength (Stockton et al.
2011). A diet rich in protein or protein supple-
mentation, mainly 60—90 min after physical exer-
cise, accelerates muscle absorption of amino
acids, especially leucine (Moore and Soeters
2015). Physical activity performed in the evening
expands the overnight muscle protein synthetic
response to pre-sleep protein absorption and
permits more of amino acids to be used for de
novo muscle protein synthesis during overnight
sleep in older men (Holwerda et al. 2016).

7 Role of Clinicians and Primary
Care Physicians

Despite that the definition and assessment of
sarcopenia still lacks consensus, primary care
physicians should consider a diagnosis of
sarcopenia in older individuals (>65 years)
with risk factors (e.g., diabetes, cancer, cardio-
vascular and pulmonary disease, osteoporosis,
and poor balance). The Charlson Comorbidity
Index (CCI) can be used (Perkins et al. 2004).
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The CCI uses a weighted scoring system (1-6
points) based on the presence of comorbid
diseases. For instance, myocardial infarction or
peripheral vascular disease equals 1 point, diabe-
tes mellitus equals 2 points, liver disease 3 points,
and cancer or acquired immune deficiency syn-
drome (AIDS) is 6 points.

When  considering  preventive  health
interventions, family physicians, geriatric
physicians, and clinical dieticians should address
comorbidities, functional status, activity level
and risk factors. They should also check and
inquire about caloric intake, protein quality,
minerals (e.g., iron, magnesium), and serum vita-
min B and vitamin D levels. The nutritional risk
assessment can be carried out with the Mini
Nutritional Assessment Short Form. The values
range from O to 14 points and scores <11 identify
patients at risk of poor nutrition.

8 Frailty Definition, Assessment,
and Management

The definition of frailty is even more complex,
with less consensus than sarcopenia. When Fried
et al. (2001) have described the frailty phenotype
and its association with mortality and morbidity,
they noted a potential link between frailty and
sarcopenia. However, frailty definitions vary,
and it is largely conceptualized as increased vul-
nerability across multiple systems (Sirola et al.
2011; Rockwood and Mitnitski 2007). Based on
an expert opinion statement (Rodriguez-Mafias
et al. 2013), seven variables have been selected
to define frailty: polypharmacy (Gnjidic et al.
2012), chronic heart failure (Phan et al. 2008),
diabetes mellitus (Bourdel-Marchasson and
Berrut 2005), subjective self-health assessment
(Theou et al. 2015), physical activity question-
naire (Santos et al. 2015), mini-mental status
evaluation (MMSE) (Bieniek et al. 2016), gen-
eral health questionnaire (GHQ) (Kahlon et al.
2015), and a questionnaire to measure mood or
depression (Bielderman et al. 2013). The
variables outlined above are detailed below.
Polypharmacy, excluding nutraceuticals, is
defined as the use of three or more prescribed
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medications. Chronic heart failure is reported as
an independent predictor for frailty and is
associated with other morbidities. Diabetes as a
metabolic condition is associated with frailty. A
subjective health assessment is widely used to
assess frailty. This questionnaire addresses two
main issues: (1) how is your health generally
(very good/good/not so good/not good at all/bad)
and (2) how is your health today as compared to
your health a year ago (better/the same/not as
good). Physical activity is one of the most pow-
erful predictors for disability in daily living. The
questionnaire on physical activity provides infor-
mation about physical habits, frequency, dura-
tion, and average length of activity sessions.
The MMSE is used to evaluate cognitive func-
tion ability. The maximum score is 30 and less
than 24 points is considered a deficient cognition.
The GHQ is mostly used to assess general health
and also mood or depression. A score < 4
indicates no mood disturbance, 4-8 indicates
mild disturbance, and 8—12 points a significant
disturbance.

8.1 Frailty Assessment

Frailty is measurable. It is usually assessed late in
life, in particular to evaluate the need for imme-
diate care, help, or rehabilitation. With the
worldwide increase in life expectancy, early
detection of individuals at-risk may initiate an
action to deter this health condition. To-date,
comprehensive geriatric assessment (CGA)
appears to be the most evidence-based process
to detect and assess frailty (Chen et al. 2016a).
Thus, CGA can provide a better understanding of
the complex nature of frailty and support the
development of healthcare practices to improve
outcomes.

Frailty is mostly manifested by a low body
weight, with a low hematocrit and serum albu-
min level < 3.4 g/dL (Blodgett et al. 2016).
Several indices are commonly used to assess
frailty. Woo et al. (2015) have suggested the
FRAIL scale as the initial approach in detecting
frailty in the community, enabling the targeted
intervention to retard decline and future
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disability. The Fried Index (Fried et al. 2001)
incorporates self-reported data of five criteria:
unintended weight loss, exhaustion, leisure time
activity, and some physical tests like hand grip
strength. The Gill Frailty Index (Searle et al.
2008; Rothman et al. 2008) focuses entirely on
a lower body physical performance measuring
physical ability by sit-to-stand test and 20 m
walking speed. This index, contrary to the Fried
index, only consists of observed and measured
physical performance tests. The main advantages
of these instruments are that a single clinician
can administer them with minimal safety
concerns. The time to complete and score the
Fried Index is 15-20 min and that for the Gill
Index is less than 2 min. Kim et al. (2014) have
reported an interesting observation on these two
instruments. Individuals who were frail
according to Gill Index may meet the Fried
frailty criteria. Thus, a valid and reliable tool
for frailty assessment is still an open issue that
awaits a more comprehensive approach.

The Groningen Frailty Indicator (GFI)
(Steverink et al. 2001) is a 15-item screening
instrument that assesses frailty among home-
dwelling elderly populations. It includes a com-
bination of a professional and self-assessment
questionnaire, addressing items that assess dis-
ability and can predict poor outcomes. It
incorporates grades of frailty. The GFI is widely
used in clinical practice and in clinical studies. A
score of 4 or higher out of the 15 items represents
moderate-to-severe frailty.

8.2 Frailty Management

Caring for frail elderly people is complicated and
when they become ill it is even a more challeng-
ing and frustrating task. The elderly’s illnesses
are often nonspecific, unrecognized, and poorly
documented. Treatment is complex and success
is often unclear. Moreover, frailty status often
requires end of life and sometimes palliative
care. As noted above, frail people are vulnerable
to common stressors, tend to have multiple inter-
related medical and health problems, under-
weight, muscle weakness, impaired function,
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and high risk for falls and fractures. Therefore,
the magnitude of their needs and the complexity
of their health issues, require special focus and
skills, along with a comprehensive, systematic,
geriatric assessment to meet the challenges
presented.

The basic concept of appropriate frailty man-
agement is that the clinician should move away
from organs’ impairment and pathology-based
approaches toward the International Classifica-
tion of Functioning, Disability and Health (ICF)
approach, and thus include biopsychosocial
aspects, as recommended by the French Society
of Geriatrics and Gerontology (Rolland et al.
2011). The initial treatment goal is optimal man-
agement of any underlying illness or poor health
condition that may increase frailty. Complex
alterations of pharmacokinetics and pharmaco-
dynamics occur in frail elderly patients (Cesari
et al. 2015). Thus, recommended approach is of a
kind ‘to start low and go slow’. Another impor-
tant challenge is monitoring of the progress of
interventions, particularly in frail people with
unusual disease appearances. Simple tracking of
activity level in the frail elderly may however be
helpful since when a frail person gets better he
becomes more mobile and when the situation
worsens less mobile.

8.3 Nutrition for Frailty

Although nutrition is considered a major factor in
managing frailty, evidence of the effect of nutri-
tion is often derived from short-term studies in
selected samples; large clinical trials are lacking.
Currently, there is no robust evidence for
nutritional recommendations for individuals
with frailty. To gain weight, a daily diet approach
should be first to maintain balanced nutrient
intake (Solon-Biet et al. 2015). Clinical studies
show that a low-carbohydrate diet is beneficial
for human health (Rosedale et al. 2009). A high-
fat diet is associated with increased mortality and
increased incidence of many metabolic diseases,
including sarcopenic obesity, type II diabetes and
cardiovascular problems (Baulderstone et al.
2012; Schrager et al. 2007). On the other hand,
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diets rich in unsaturated fatty acids lead to
reduced blood levels of harmful low-density
lipoproteins and increase the level of protective
high-density lipoproteins (Mensink et al. 2003).
Moreover, diets rich in natural, unsaturated fatty
acids lower blood pressure, improve insulin sen-
sitivity, and reduce the risks of cardiovascular
and metabolic diseases (Da Silva et al. 2015).
The Nutritional Geometric Framework (NGF)
indicates the effects of a nature of various nutri-
ent dimensions on lifespan and mortality
(Raubenheimer et al. 2016). However, NGF has
mostly been applied to the influence of protein
intake relative to carbohydrates. Even if the
results of randomized controlled trials are incon-
sistent regarding the effects of protein supple-
mentation on physical function, several
observational studies have suggested that
maintaining adequate protein intake may help
preserve energy in older people (Beck et al.
2016; Suominen et al. 2015). The frail elderly
who have acute or chronic diseases need a higher
dietary protein intake in a range of 1.2-1.5 g/kg/
day (Chang 2017).

Hormone replacement therapy with testoster-
one, dehydroepiandrosterone (DHEA), or growth
hormone has not proven beneficial (Morley and
Malmstrom 2013; Lunenfeld 2006; Morley et al.
2005). Some drugs, which may be beneficial for
treatment of fatigue, such as amantadine, meth-
ylphenidate, and modafinil, require further
evidence-based evaluation and exploration
(Miicke et al. 2016).

9 Relationship between Frailty
and Sarcopenia

Sarcopenia and frailty often co-exist and both
entail a physical function impairment as a core
component. As indicated, numerous tools and
instruments are available to assess sarcopenia.
However, it is important for the clinician to be
aware of which health aspects are being
measured when assessing a person for frailty.
This review stresses the importance of
distinguishing and appropriately assessing older
people who are frail from those who suffer from



62

sarcopenia. The British Geriatrics Society
believes that older people should be assessed
for frailty and/or sarcopenia during all
interactions with health and social care
professionals (Turner et al. 2014). This would
allow health care professionals to examine the
benefits and risks of interventions and to allow
individuals and their care givers to make rational
decisions about the factors affecting their health.

Frailty, like sarcopenia, has been used inter-
changeably with disability (Rockwood et al.
2000). Yet despite the overlap in symptoms,
frailty may be a universal condition of whole
body wasting, including underweight and weak-
ness, that directly affects functioning and recov-
ery. Sarcopenia, on the other hand, is a more
age-related, slowly progressive decline in muscle
mass and strength, moderately affecting daily
living activities. Frailty can be reversible, but
this is not true for sarcopenia, which is a normal
physiological change. Frailty can be understood
as a continuum with two modifiable phases.
Non-frail people can become pre-frail, and later
on they become frail. There is a reverse way
possible from frailty to pre-frailty status, and
even potentially to a non-frail status. Frailty can
be described as an ‘acute’ body condition,
whereas sarcopenia is a normal, irreversible pro-
cess resulting in programmed muscle death, i.e.,
muscle apoptosis. Therefore, even though, e.g., if
an 80-year-old person in a pre-frailty condition,
deteriorated to frailty, this could be halted or
reversed, whereas for a person of the same age
who already has some degree of sarcopenia, it is
almost impossible to halt the physiological dete-
rioration due to apoptosis.

Although a link between frailty and
sarcopenia has been noted in a few studies
(Mijnarends et al. 2015; Garatachea and Lucia
2013), this review focuses on the association of
frailty and functional impairment and of
sarcopenia and functional impairment. Yet both
conditions result in disability in later life.
Although low muscle mass increases the risk
for fatigability, and low muscle strength and
endurance increase functional disability, frailty
increases the risk for underweight, functional
disability, and other outcomes such as
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osteoporosis (Rosen and Klibanski 2009). It is
well-documented that frail older adults are vul-
nerable, with minimal reserve capacity, and
increased risk for malnutrition, institutionaliza-
tion, and death (Payette et al. 2000). Sarcopenic
older adults mostly demonstrate increased risk
for gait, balance deficits, and falls. For these
reasons, frailty care has mostly focused on nutri-
tion and weight gain, whereas sarcopenia
research has concentrated on physical
interventions to increase muscle mass and
strength. The management is different for frail
versus sarcopenic older adults. Frail individuals
should consume calories to increase body
weight, sarcopenic individuals should increase
their physical activity by performing resistance
and endurance exercises. To gain weight, frail
people’s diet should include carbohydrate, lipids,
and proteins. In addition, several studies on die-
tary patterns have shown positive effects of
enhanced nutritional intake also on general
health, e.g., lower blood pressure, reduced risk
of coronary heart failure, reduced risk of type 2
diabetes, and cancers (Asp and Bryngelsson
2008). Sarcopenic people who need to gain mus-
cle mass should consume protein, particularly
1.5-2 h after performing physical exercises.
Frail people often demonstrate low body
weight or low BMI (<25 kg/m?), despite evi-
dence of abdominal obesity (Buch et al. 2016),
with a greater likelihood of functional limitations
and difficulties performing daily living activities
(Byard 2015). The mechanism of interaction of
the frail state with obesity has not been clearly
defined, but it might involve hormonal
dysregulation and inflammatory pathways, as
well as oxidative stress. Insulin resistance,
associated with abdominal obesity, may promote
abnormal ‘colonization’” and emergence of
ectopic fat in muscle, which is associated with
functional limitations (Auyeung et al. 2013). The
Foundation for the National Institutes of Health
Sarcopenia Project validated cut points and
reported that older adults with sarcopenia have
a low-to-moderate BMI, which appears to protect
against functional limitations (Batsis et al. 2015).
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10 Clinical and Practical

Recommendations

» I propose the assessment of muscle mass pri-
marily with dual-energy X-ray absorptiome-
try (DeXA). In case the technique is
unavailable, anthropometry can be easily
used in primary care settings as an initial
screening tool for patients with low muscle
mass. Patients should then be referred for
further evaluation in clinical specialty
settings.

» Physical performance should be primarily
assessed by measuring gait speed. The Short
Physical Performance Battery (SPPB) test
might be limited by administration time, but
might also be useful to identify men and
women with low physical performance.

* A comprehensive geriatric assessment (CGA)
appears the most evidence-based process for
detecting and assessing frailty.

e The Groningen Frailty Indicator, the Fried
Index, and the Gill Frailty Index are valid
and reliable tools for assessing and monitor-
ing frailty.

* Whereas further studies are required to pro-
vide a full evidence-based guidance to
clinicians, current management should
include physical activity advice, particularly
progressive resistance training, treatment and
prevention of vitamin D deficiency, and ade-
quate and balanced energy intake
emphasizing dietary protein.

» Emphasis on the importance of education and
increased awareness of clinicians concerning
the potential deleterious effects of frailty and
sarcopenia.

» Careful attention given to individuals older
than 65 years with low BMI or abdominal
obesity.

11 Summary and Conclusions

This review describes differences, similarities,
and commonalities in the definition, assessment,
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and management of frailty and sarcopenia.
Despite the similarities between the two, frailty
and sarcopenia are two separate health
conditions. Therefore, it is important to diagnose
and manage them as separate entities.

 The definition of sarcopenia is agreed upon by
the European Working Group on Sarcopenia
in Older People (gait speed, handgrip
strength, and muscle mass), and the Interna-
tional Working Group on Sarcopenia (gait
speed and muscle mass).

» The consensus definition of frailty include the
Fried phenotype (weight loss, exhaustion,
physical inactivity, handgrip strength, and
walk time) (Fried et al. 2001) and the
Rockwood phenotype (use of walking aid,
activities of daily living, incontinence, and
cognitive impairment) (Rockwood et al.
2000).

* Primary sarcopenia is age-related, but it is
frequently found in association with
comorbidities, such as osteoporosis, malnutri-
tion, and type 2 diabetes mellitus. Thus, it
should be considered a consequence of the
coexisting pathological conditions, i.e., ‘sec-
ondary sarcopenia’.

» Several tools are currently available for mea-
suring muscle mass, muscle strength, and
physical performance, which are of use for
the diagnosis and follow-up of sarcopenia.
However, these tools remain to be fully
adopted for widespread use in clinical daily
practice.

» The development of pharmaceutical therapies
for sarcopenia and frailty has been delayed, in
part because of the lack of consensus regard-
ing the definitions of the two conditions.

Physicians and other healthcare professionals
have an important role to play in the assessment
and management of sarcopenia to reduce its
impact on individuals’ well-being, the develop-
ment of disability, and on health resource utiliza-
tion. This review suggests that frailty and
sarcopenia differentially affect functional capa-
bility, morbidity, quality of life, and disability in
daily living activities. Frailty is characterized by
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low weight and reflects nutritional status,
whereas sarcopenia — the loss of muscle mass —
is more accurate and can be a quantitative, global
marker of frailty. This review also highlights the
importance of frailty and sarcopenia in
predicting post-operative outcomes among
individuals undergoing surgery for cancer.
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