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Abstract

Background: sarcopenia is the loss of muscle mass and quality and is diagnosed using measures of muscle strength, size and
mass. We evaluated the literature on whether sarcopenia measures are predictive of motor outcomes in older people in clinical
settings.
Methods: electronic databases (MEDLINE Ovid, EMBASE, CINAHL and Web of Science) were searched for articles on
measures of muscle mass, volume, thickness or strength, in older people in clinical settings, which reported cross-sectional
or longitudinal associations with motor outcomes. Clinical cohorts included geriatric medical inpatients and outpatients,
patients with hip fracture, geriatric rehabilitation and care home residents. Motor outcomes were mobility, falls, balance and
activities of daily living (ADL). Due to high study heterogeneity, standardised mean differences were used to compare strength
of associations.
Results: in total, 83 articles were identified. The most frequently studied measures were grip strength (47 studies), knee
extension strength (21 studies) and bioelectrical impedance analysis (18 studies). Handgrip strength (HGS) had evidence for
cross-sectional associations with mobility (14 of 16 studies, 2,088 participants), balance (6 of 6 studies, 1,177 participants)
and ADL independence (10 of 11 studies, 3,228 participants), and evidence of longitudinal associations with mobility (3 of
3 studies, 883 participants) and ADL independence (7 of 10 studies, 1,511 participants). There was no conclusive evidence
for association with falls.
Conclusions: HS was the most studied measure and was associated with mobility, balance and ADL outcomes. There was a
paucity of studies, particularly with longitudinal follow-up, measuring muscle mass, volume or thickness using gold-standard
approaches.
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Key points

• HGS associated with mobility, balance and ADL outcomes in clinical settings.
• No measure of muscle mass or strength clearly associated with falls.
• There was a paucity of studies measuring muscle mass, volume or thickness using gold-standard approaches.
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Introduction

Sarcopenia is the progressive age-related decline in muscle
mass, quality, strength and performance. It is thought
to underpin declining physical function with increasing
age [1] and growing evidence suggests it can be modified
through exercise and nutritional interventions [2, 3].
Therapies targeting sarcopenia can potentially improve
physical function, dependency, hospitalisation and mortality
[4].

In clinical settings, diagnosis of sarcopenia is lim-
ited by accuracy and feasibility of measures in those
with frailty and functional deficits [5]. Muscle size and
strength measures used hitherto in sarcopenia research
have predominantly been validated in community-dwelling
volunteers, who are characteristically more robust than
patients presenting to healthcare. To be clinically useful,
measures need to have been used and validated in patients
recruited from, and representative of, those seen in clinical
settings.

A clinically useful measure could act as a proxy measure
of sarcopenia, when a person is unable to perform gold-
standard assessments such as magnetic resonance imaging
(MRI) or dual-energy X-ray absorptiometry (DXA)—this
could be established through cross-sectional studies. Alter-
natively, a measure might act as a predictive biomarker,
enabling anticipation of future adverse outcomes such as
poor mobility and falls—this would be established through
longitudinal studies.

This review aimed to describe the measures of muscle mass
and strength that have been studied in clinical settings and
the degree to which they have been associated—both cross-
sectionally and longitudinally—with motor outcomes.

Objective

To conduct a systematic review of the literature on clinical
usefulness of measures used to diagnose sarcopenia in older
people in clinical settings.

Methods

Study protocol and registration

The study protocol was published online in October
2017 on the PROSPERO database registration number
CRD42017079957: http://www.crd.york.ac.uk/PROSPE
RO/display_record.php?ID=CRD42017079957

Eligibility criteria

Population

Primary studies of clinical populations aged ≥65 or with a
mean age ≥70 years were included. Studies conducted in
settings known to routinely care for older people with frailty,
including acute, subacute and long-term care, specialist ser-
vices for people with dementia or hip fractures and geriatric

medicine outpatients were included. To avoid studies where
associations between sarcopenia and motor outcomes could
be confounded, we excluded studies of patients with cancer,
osteoarthritis, heart failure, stroke, neurological injury, lung,
liver or renal disease, obesity, mood disorders and those
with postabdominal surgery or in critical care. Studies that
considered nutritional interventions for undernutrition or
malnutrition were excluded, because the mechanisms of
muscle loss and dysfunction in this context are different
[1,6].

Measures of sarcopenia

Studies that measured muscle mass, thickness or volume,
measuring strength of either the upper or lower extremi-
ties, were included. Studies using peak expiratory flow as a
measure were excluded because this is influenced by factors
other than sarcopenia, including pulmonary compliance and
lung disease. Masseter muscle tension was excluded as it
is not a standard strength measure. Studies assessing chair
stand repetitions for strength were excluded as this was con-
sidered a motor outcome measure. Studies assessing muscle
power were excluded because of the wide variation in testing
velocities and need for expensive equipment.

Outcomes

The clinical outcomes of interest were those directly or
strongly related to motor outcomes: mobility, balance, falls
and activities of daily living (ADL). Mobility outcomes were
defined as any timed walking or composite mobility test.

Study design

The review included observational and intervention studies.
Case-control studies and case reports were excluded. Studies
with <10 participants were excluded due to small effect size.

Search strategy and information sources

A systematic literature search was conducted in the
MEDLINE Ovid, EMBASE, CINAHL and Web of Science
databases on 5 February 2020. Supplementary Material A2
shows an example of search strategy. No forward citation
search was done.

Study selection and data extraction

Two authors (E.L. and A.L.G.) independently screened
retrieved titles and abstracts to identify potentially relevant
studies. Disagreement was resolved by discussion and
consensus. Full-text reviews were conducted by two authors
(drawn from E.L., T.O. and A.L.G.) working independently
using a standardised data extraction template. Studies that
simultaneously assessed different types of muscle measure
for one outcome or assessed one measure with different
outcomes were included, and each association was analysed
separately.
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Data extracted from each article comprised: first author,
publication year, country of study, study design, healthcare
setting or clinical group, sample size, average age, muscle
mass or strength technique and motor outcome. Correlation
coefficients, odds ratios, mean differences, P values and
linear regression statistics were extracted from the full-text
studies for inclusion in the synthesis. Studies with no data to
support the claim of association were excluded. To compare
the magnitude of effect sizes across studies with different
metrics, extracted statistics were converted into the standard-
ised mean difference (Cohen’s d ) as a common index [7].
Associations were defined as strong (d ≥ 0.80), moderate
(0.5 ≤ d > 0.8), weak (0.2 ≤ d > 0.5) or none (d < 0.2).

Quality assessment

Methodological quality of the included studies was assessed
using the Appraisal tool for Cross-Sectional Studies (AXIS)
[8]. This comprises 20 questions appraising methods
and risk of bias in cross-sectional studies. The score
was converted into a percentage for comparability. AXIS
rating ≥75, 50–74% and <50% were considered good,
moderate and poor quality, respectively. Conference abstracts
that did not provide sufficient information for appraisal
were included but not rated. Results are displayed in
Supplementary Material A4.

Results

Study selection

The search identified 5,634 articles, of which 989 were dupli-
cates. Title and abstract screening excluded 4,452 articles,
leaving 193 articles for full-text review. In total, 110 of these
were excluded; the reasons and process are summarised in
Figure 1.

Study characteristics

Of the 83 studies included in the review, 50 were cross-
sectional, 30 longitudinal and 3 described baseline data of
interventional trials. Publication dates ranged from 2000 to
2019 and articles came from 26 countries. Patients were
recruited from inpatient wards (n = 19), geriatric medicine
outpatient clinics (n = 10), rehabilitation wards (n = 5), care
homes (n = 26) and patients with hip fractures (n = 23).

Muscle measures and clinical outcomes

Six measures of muscle mass and four measures of muscle
strength were studied in clinical populations (Table 1). The
most studied muscle measures were grip strength (47 stud-
ies), knee extension strength (KES) (21 studies) and bioelec-
trical impedance analysis (BIA, 18 studies). Outcomes stud-
ied were mobility (39 studies), balance (8 studies), falls (17
studies) and ADLs (33 studies). Other measures evaluated by
a small number of studies were included in the analysis and
summary tables but not discussed further [9–16], mainly for

brevity. An overview of cross-sectional associations between
measures and outcomes is provided in Table 2 and evidence
from longitudinal studies is summarised in Table 3.

Mobility

Cross-sectional studies reported positive associations between
handgrip strength (HGS) and mobility in 14 of 16 studies,
between KES and mobility in 7 of 10 studies, between lower
extremity strength and mobility in 6 of 8 studies and between
BIA and mobility in 4 of 8 studies.

The strength of associations from 14 cross-sectional stud-
ies between HGS and mobility were strong (5 studies) [17–
21], moderate (6 studies) [22–27] and weak (3 studies) [28–
30]. They included 2,088 participants and were undertaken
across the full range of clinical settings. However, in two
studies, the strength of association was dependent on the
mobility measure used [21, 30], in a third on the hand dom-
inance used for HGS [28] and, in a fourth on gender, with
a strong association for men and a moderate association for
women [23]. There was no link between HGS and mobility
in two cross-sectional studies. One was small (n = 22) and
published as a conference abstract [31], whereas the other
(n = 163) reported a univariate association that was lost when
KES was adjusted for [32]. The studies were rated good or
moderate quality.

For KES and mobility, 7 of 10 cross-sectional studies
reported medium to strong associations (total n = 459) [18,
19, 33–37]. Three cross-sectional studies (total n = 67) found
no association with mobility [31, 38, 39]. All studies were of
good or moderate quality.

Six of eight cross-sectional studies reported medium to
strong associations between lower extremity strength and
mobility (total n = 291) [27, 34, 35, 40–42], although
two of these studies reported mixed association strengths,
depending on which lower limb muscle group was tested
[34, 35]. Two cross-sectional studies found no association
(total n = 41) [38, 43]. No consistent technique was used to
measure lower extremity strength. All studies were of good
or moderate quality.

Four of eight cross-sectional studies reported weak
to medium association between BIA and mobility (total
n = 1,427) [24, 44–46]. No association was reported in four
studies (n = 718) [23, 26, 40, 47]. The studies were of good
or moderate quality.

Mobility was used as an outcome in longitudinal studies
of three measures: HGS (three studies), KES (two studies)
and DXA (one study). For HGS, three of three longitudinal
studies (n = 883) found an association with mobility at
discharge from hospital [48, 49] or 3 months following
discharge [50]. For KES, one study reported a positive
association with mobility at 3-year follow-up (n = 95) [51],
whereas the other study (n = 137) reported no association
with mobility at discharge from hospital [52]. For DXA,
one study (n = 123) reported no association with mobility
at discharge [48]. Quality rating was good or moderate for
all studies.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analysis flow diagram for the selection of studies on measures
of muscle strength, muscle mass and motor outcomes.

In summary HGS had the strongest associations with
mobility, both cross-sectionally and longitudinally. There
was limited or inconclusive evidence for other measures.

Balance

All studies examining balance were cross-sectional. HGS was
the most studied measure with six of six studies reporting
positive associations with balance. The associations were
strong (three studies, n = 439) [21, 53, 54], medium (two
studies, n = 529) [28, 55] and weak (one study n = 209) [30].
The six studies were rated good or moderate quality.

Falls

Cross-sectional studies of HGS (two of six studies), KES
(two of four studies) and lower limb strength (one of two

studies) found that lower strength was associated with a
history of falls.

For HGS, two cross-sectional studies (n = 454) reported
weak associations [56, 57]. Four cross-sectional studies
reported no link (n = 309) [32, 58–60], particularly
when results were adjusted for confounders, namely lower
limb strength [32, 58], suggesting HGS may not be
independently associated with falls history. For KES and
falls history, two cross-sectional studies found a medium
association with historical falls (total n = 114) [58, 61],
whereas two cross-sectional studies reported no association
(n = 40) [31, 62]. All studies were of good or moderate
quality.

The most studied measures predicting incident falls
in longitudinal studies were HGS (two of five stud-
ies), KES (two of three studies) and BIA (one of three
studies).
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Table 1. Number of studies of each measure and outcome by health care setting

Inpatient Outpatient Rehabilitation Care home Hip fracture Total number
of studies

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Measures for muscle
strength

HGS 15 6 2 13 11 47

KES 2 4 2 9 4 21
Lower extremity strength
(excluding KES)

1 1 2 6 5 15

Upper extremity strength
(excluding HGS)

0 0 0 2 0 2

Measures for muscle
mass or size

BIA 8 3 2 4 1 18

Anthropometry 0 0 0 5 2 7
Ultrasound 1 0 1 1 0 3
DXA 0 0 0 1 7 8
CT 0 0 0 1 0 1
MRI 0 0 0 1 0 1

Types of motor
outcomes

Mobility (timed walking test,
TUG, chair rises, SPPB and De
Morton Mobility Index)

10 6 3 14 6 39

Balance (Berg balance scale,
timed standing balance, CTSIB)

0 2 2 4 0 8

Falls 4 4 0 6 3 17
ADLs (Katz Index, Barthel
Index, FIM, Mobility items of
ADLs)

10 1 1 6 15 33

TUG, timed-up and go test; SPPB, Short Physical Performance Battery; CTSIB, Clinical Test of Sensory Interaction for Balance; FIM, functional Independence
Measure.

Table 2. Summary of cross-sectional evidence, with number of studies and strength of associations between measure and
outcome
Measure Outcome: No. = number of studies evaluating measure and outcome Strength of association:

s = strong/m = medium/w = weak/n = no association

Mobility Balance Falls ADL
No.: s/m/w/n No.: s/m/w/n No.: s/m/w/n No.: s/m/w/n

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
HGS 16a: 5/6/3/2 6: 3/2/1/0 6: 0/0/2/4 11: 5/5/0/1
KES 10: 6/1/0/3 2: 0/1/0/1 4: 0/2/0/2 2: 1/0/1/0
Lower extremity strength 8: 5/1/0/2 2: 1/0/0/1 2: 0/1/0/1 1: 0/0/0/1
Upper extremity strength
(excluding HGS)

1: 1/0/0/0 0: 0/0/0/0 0: 0/0/0/0 1: 0/1/0/0

BIA 8: 0/1/3/4 1: 0/0/0/1 0: 0/0/0/0 7: 0/2/2/3
Anthropometry 0: 0/0/0/0 0: 0/0/0/0 0: 0/0/0/0 2: 1/0/0/1
DXA 1: 0/0/0/1 0: 0/0/0/0 0: 0/0/0/0 0: 0/0/0/0
Ultrasound 3a: 1/2/0/0 1: 0/0/0/1 0: 0/0/0/0 0: 0/0/0/0
CT 1: 0/0/0/1 0: 0/0/0/0 0: 0/0/0/0 0: 0/0/0/0
MRI 0: 0/0/0/0 0: 0/0/0/0 0: 0/0/0/0 0: 0/0/0/0

aStrength of association dependent on mobility measure in one study.

Two longitudinal studies (n = 758) reported lower HGS
was weakly associated with increased falls risk at 1 year [63,
64]. Three studies found no association between HGS and
falls at 3 months (n = 297) [57] or at 1 year (n = 691) [65,
66]. Studies were of good or moderate quality.

Lower KES predicted falls risk in two studies, one at
6 months (n = 69) [67] and one at 1 year (n = 171) [68].
A third study found no association at 1 year (n = 565) [63].
Studies were rated as good or moderate quality.

One longitudinal study found that lower muscle mass
measured with BIA weakly predicted falls occurrence at

3 months (n = 297) [57], whereas two longitudinal studies
(n = 365) reported no association [46, 66]. Studies were rated
as good or moderate quality.

ADL

The most studied cross-sectional associations with ADL abil-
ity were HGS (11 studies) and BIA (7 studies).

Higher HGS had medium to strong associations with
higher ADL scores in 10–11 studies (n = 3,228) [14, 25,
59, 69–75]. The associations were regardless of ADL measure
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Table 3. Summary of longitudinal evidence for each mus-
cle size or strength measure at baseline and motor outcome
at follow-up

Measure Outcome: No. = number of studies evaluating measure
and outcome

Direction of association:
p = positive/ng = negative/nu = neutral

Mobility Falls ADL
No.: p/ng/nu No.: p/ng/nu No.: p/ng/nu

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
HGS 3: 3/0/0 5: 0/2/3 10: 7/0/3
KES 2: 1/0/1 3: 0/2/1 0
Lower extremity
strength

0 2: 0/0/2 1: 0/0/1

BIA 0 3: 0/1/2 2: 1/0/1
Anthropometry 0 2: 0/1/1 3: 0/0/3
DXA 1: 0/0/1 0 7: 1/0/6
Ultrasound 0 0 1: 0/0/1
MRI 0 0 1: 0/0/1

Zero is given alone when there were no longitudinal studies between that
measure and outcome.

used and were seen in all clinical settings except outpatients
[32].

Four of seven cross-sectional studies reported weak to
medium associations between BIA and ADL ability (total
n = 1,663) [70, 73, 76, 77], although two of these assessed
only mobility ADLs [70, 77] rather than full ADL perfor-
mance. Three studies showed no association (total n = 355)
[45, 72, 78]. The studies were of good or moderate quality.

Longitudinal associations for ADL outcomes were seen
for HGS (10 studies) and DXA (7 studies).

In total, 7 of 10 longitudinal studies reported higher HGS
associated with ADL ability (n = 1,511). These associations
were sustained to hospital discharge [79, 80], 3-month [74,
81], 6-month [74, 79, 82, 83] and 12-month [84] follow-
up. Three longitudinal studies reported no association after
adjustment for other variables (total n = 775) at 3 weeks [85],
3 months [75] or 1 year [86]. All the studies were conducted
in inpatient or hip fracture settings and the studies were of
good or moderate quality.

Longitudinal studies of DXA measured muscle mass and
ADL scores reported an association in only one of six studies
measured at the point of discharge [87]. It was small (n = 27)
and only included male patients. Six studies found no link
between DXA and ADL ability, either at discharge or after
1 year [48, 84, 88–91]. These studies only included partic-
ipants following a hip fracture (n = 911). All studies were
moderate quality. However, six of the seven studies were from
the same author [48, 87–91] with two studies including the
same cohort of participants assessed at different time points
[48, 90].

Discussion

The review identified 83 studies investigating associations
between measures of muscle mass or strength and measures
of motor function in clinical populations of older adults.

It found evidence of cross-sectional associations between
of handgrip and motor outcomes measuring mobility,
balance and ADL ability. Longitudinal associations were
found between HGS and motor outcomes around mobility
and ADL performance. For associations between other
measures and outcomes, evidence was either absent or
inconclusive.

Our findings about HGS match findings in healthy older
volunteers, where it is a predictor of mobility, disability
and mortality [92–95]. In contrast, lower limb strength,
in particular KES, predicts mobility and ADL outcomes
in healthy adults [96–98] but not in the clinical popula-
tions included here. This could, in part, be explained by
the differing strength measurements and different combina-
tions of muscle groups assessed between studies included in
this review. Adopting a standardised approach to measuring
lower limb strength in older adults in clinical settings would
make these data easier to analyse and understand in the
future.

It was unexpected to find no link between muscle strength
or mass, and falls, given that these are frequently reported to
be associated [99, 100]. Difficulties with measuring lower
limb strength in populations with frailty may have con-
tributed, as may the difficulty of accurately recording falls
in patients with cognitive impairment. Possibly measures of
muscle size and strength are not good biomarkers of falls.
Dynamic measures, such as balance and muscle power, may
be more predictive.

Our findings reinforce the focus of EWGSOP2 [101] on
muscle strength as opposed to gait speed when screening for
sarcopenia. Included studies in the review reported only 3–
6% were unable to perform HGS [44, 45] compared with
25–41% of participants unable to perform gait speed [28,
44, 45], and 66% of participants in one study unable to
perform chair stand repetitions [28]. Although the review
found insufficient evidence for the use of other measures
of muscle mass and strength to predict motor outcomes, it
highlighted current gaps in the literature.

The review highlighted a lack of studies using measures of
muscle mass, size or thickness that could be viewed as ‘gold
standard’ for assessing sarcopenia. Computed tomography
(CT), MRI and DXA are in widespread clinical use and it
is surprising that these measures have had little evaluation
in clinical populations for sarcopenia diagnosis. Publication
bias, with a tendency not to publish negative findings, may
have contributed to this; however, this is unlikely, given that
9 of the 10 studies of these measures reported no association
with motor outcomes. Challenges to clinical research with
CT, MRI or DXA might include higher costs, radiation
exposure and impracticality for bedside use. Although there
were eight studies of DXA measures, seven were in hip frac-
ture patients where pain and discomfort may have influenced
functional and motor outcome measures. Further studies in
other clinical settings are needed.

Ultrasound has shown promise for measuring muscle size
in patient cohorts [102, 103]. It has good validity against
MRI, but more evidence is needed around use in older
people. Novel methods including isotope tracers correlate
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well with MRI-measured muscle volume [104] and predict
physical function and falls rates in community-dwelling
older men [105], but evidence for their in clinical situations
is limited.

Strengths and limitations of the study

The review had a broad focus that enabled a wide range of
measurement methods to be included. The search strategy
was robust and reproducible, using comprehensive search
terms in multiple electronic databases, and methodologi-
cal quality was assessed using a standardised checklist. The
results were not restricted by a particular sarcopenia def-
inition to include studies that pre-dated published crite-
ria, and trends were identified independent of contentious
threshold values. However, the wide inclusion criteria and
substantial heterogeneity between the eligible studies limited
comparisons and precluded meta-analysis. Transforming the
extracted statistics into a common index to compare effect
sizes made assumptions about measurement similarities. It
is possible that these assumptions did not hold universally
true. The designation of ‘clinical’ settings mixed both acute
and stable populations. Muscle mass and strength values
have been known to change rapidly in acute populations,
which may introduce some greater heterogeneity into find-
ings that could have been negated if only stable outpatient
populations had been addressed.

Implications for practice and research

This study supports the use of HGS in clinical settings both
for its ability to act as a cross-sectional proxy for gold-
standard sarcopenia measures where these are not feasible,
and as a predictor of future adverse outcomes related to pre-
dict mobility and independence with ADL in older people. It
reinforces the focus of EWGSOP2 [101] on muscle strength
as opposed to gait speed when screening for sarcopenia in
clinical settings.

Supplementary data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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