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Abstract

Remotely collected physical performance measures could improve inclusion of under-served groups in clinical research as well
as enabling continuation of research in pandemic conditions. It is unclear whether remote collection is feasible and acceptable
to older patients, or whether results are comparable to face-to-face measures. We conducted a systematic review according
to a prespecified protocol. We included studies with mean participant age ≥ 60 years, with no language restriction. Studies
examining the gait speed, Short Physical Performance Battery, distance walk tests, grip strength, Tinetti score, Berg balance
test, sit-to-stand test and timed up and go were included. Reports of feasibility, acceptability, correlation between remote
and face-to-face assessments and absolute differences between remote and face-to-face assessments were sought. Data were
synthesised using Synthesis Without Meta-analysis methodology; 30 analyses from 17 publications were included. Study
size ranged from 10 to 300 participants, with a mean age ranging from 61 to >80 years. Studies included a broad range of
participants and conditions. Most studies had a moderate or high risk of bias. Only two studies undertook assessment of
acceptability or feasibility, reporting good results. Correlation between face-to-face and remote measures was variable across
studies, with no measure showing consistently good correlation. Only nine studies examined the accuracy of remote measures;
in six studies, accuracy was rated as good (<5% mean difference between face-to-face and remote measures). There is a lack
of robust evidence that remote collection of physical performance measures is acceptable to patients, feasible or provides
comparable results to face-to-face measures.
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Key Points

• Remote assessment of outcomes for research and clinical practice has become common during the COVID-19 pandemic.
• Evidence for the acceptability and feasibility of remote assessment of physical performance for older people is lacking.
• Remotely measured physical performance outcomes are not always comparable to face-to-face measures.
• Better-designed comparison studies are needed before the remote assessment of physical performance outcomes could be

recommended for research or clinical practice.

Introduction

Recruitment to clinical research studies for older people is
often challenging [1]. Limited mobility, social isolation and
transportation barriers may all make it difficult for older peo-
ple to attend research centres for study visits, contributing
to the low recruitment and retention rates in clinical studies.
Remote delivery (defined as any non-face-to-face method,
including telephone, video or postal delivery) of trial

processes [2] provides a way to broaden the inclusion of older
people into research. The recent COVID-19 pandemic has
forced many clinical research studies to stop, or to conduct
their processes remotely. While this has enabled some studies
to continue [3], recent guidance has highlighted the lack of
research testing the acceptability, feasibility and validity of
remote research delivery approaches [4]. Remote delivery
may generate new barriers to inclusion, particularly for older
people with sensory impairment, cognitive impairment or
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who lack digital infrastructure or training [5]. This area has
been highlighted as a priority area for future research [6],
both to enable research delivery for older people in pandemic
situations but also to widen participation after the pandemic.

Measurements of physical performance are important
outcomes in many research studies for older people, and
improving physical performance is highly prioritised by
older people as an aim of treatment and care [7]. If such
measures are to be of value in clinical research, it is essential
that remote versions of measures of physical performance
are robustly evaluated. Ensuring that remotely assessed
outcome measures are acceptable to participants and are
feasible for research teams to deliver is necessary to minimise
missing data and participation bias. It is necessary to ensure
that remote assessments are comparable with face-to-face
assessments if different ways of measuring an outcome
are to be combined in analyses. It is also necessary to
ensure that the results of studies using remotely conducted
assessments are comparable to studies using face-to-face
measures [8].

To date, there has been no attempt to review and integrate
the literature on remote assessment of commonly used
measures of physical performance for older people. We
therefore sought to (i) systematically review the evidence
on the acceptability to participants of conducting physical
performance measures remotely; (ii) systematically review
the evidence on the feasibility of conducting physical
performance measures remotely and (iii) systematically
review the evidence that remote assessment of physical
performance measures are comparable with face-to-face
assessment.

Methods

Search strategy

We conducted a systematic review according to a prespec-
ified protocol, which was registered on the PROSPERO
database (CRD42020219855). A summary of methods and
search strategies is given in the Supplementary material. We
searched six electronic databases (MEDLINE, CINAHL,
Embase, Cochrane Central Register of Controlled Trials,
Controlled Clinical Trials.com and NHS elibrary) from
inception up to the end of April 2022. No language restric-
tions were used, and papers that were available as preprints
or online ahead of print were eligible for inclusion. Reference
lists of included papers were searched for further potentially
eligible studies. A series of physical performance measures
commonly used in research with older people (mean age of
participants ≥60 years) were preselected by the investigators,
and a separate search was conducted for each measure.
Searches were conducted for the following measures: Short
Physical Performance Battery (SPPB) [9], Gait speed [10],
Timed walk test [11, 12], Tinetti gait and balance score
[13], Berg balance scale [14], timed up and go (TUAG) test
[15], sit-to-stand (STS) test [16], Handgrip strength [17]
and shuttle walk test and step test.

Inclusion criteria

We included studies involving human participants with a
mean age of ≥60 years. Studies were required to include
the remote assessment of one or more of the listed physical
performance measures by a human assessor. In order to
avoid duplicating other planned and ongoing work [18] that
we were aware of, we excluded studies using sensor-based
remote monitoring approaches. Standalone observational
studies or studies nested within clinical trials were eligible
for inclusion. We considered face-to-face assessment as the
gold standard and included studies that either assessed the
feasibility or acceptability of conducting remote assessments
of physical performance, or compared the accuracy of remote
assessments of physical performance with to face-to-face
delivery of the same assessment. We did not seek to study
the reliability, responsiveness or external validity of remote
measures or of the face-to-face measures in this review, as
these should have already been assessed in the validation
studies of face-to-face measures.

Study selection and data extraction

Following the removal of duplicates, two reviewers (P.A.H.
and M.D.W.) screened all titles with those identified as
being potentially eligible for inclusion having abstracts
retrieved. Following this, both reviewers screened the
retrieved abstracts, and abstracts flagged as being potentially
eligible for inclusion by either reviewer had full text papers
retrieved. Papers agreed as eligible by both reviewers were
included in the review. Data were extracted using a standard,
piloted form. One reviewer (P.A.H.) extracted data which
were then checked by M.D.W. Discrepancies were resolved
by discussion until consensus was reached.

We extracted baseline data on trial populations (includ-
ing age, sex, functional status and level of cognition). We
identified the physical performance measures that met the
criteria of being remotely assessed with some form of clini-
cian involvement. We extracted descriptive data on accept-
ability or feasibility (e.g. acceptability questionnaire results
and the percentage of participants successfully completing
the remote assessment). We extracted the statistical tests
used for comparing the remote and face-to-face performance
measure (e.g. comparison of means and correlation between
measures) and the results of those analyses.

Assessment of methodological quality

Risk of bias for each trial was independently assessed
using a modified version of the QUADAS-2 tool [19].
Four domains were assessed: Patient Selection, Index Tests,
Reference Standard and Flow and Timing. We considered
an appropriate face-to-face measurement as the reference
standard. We followed the QUADAS-2 guidelines to assess
the processes used, how participants were recruited, what
(if any) randomisation occurred, if index testing occurred
without knowledge of the reference testing, if the testing
adequately captured the remote assessment by a clinician and
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whether the timing of the testing was suitable (i.e. minimal
delay between face-to-face and remote testing). These factors
were condensed into a risk of bias for each domain.

Data synthesis

Given the high degree of heterogeneity in the results, we
did not attempt to conduct meta-analysis. Instead, data were
synthesised in summary tables, with a narrative synthesis
conducted according to the principles of Synthesis Without
Meta-Analysis methodology [20]. We grouped studies by
the physical performance measure. We present a description
of each study population and identify which physical per-
formance measure was compared between the remote and
clinical applications. We also present each physical perfor-
mance measure in separate tables, indicating the comparison
method used, the statistical test involved and the results
of those tests. All studies were included in the summary
and synthesis; we did not attempt to impose a standardised
metric or transformation method as the included data were
too heterogeneous. We summarised the available correlation
(correlation coefficient or R2 value from regression) and
accuracy data (percentage difference compared to face-to-
face measures) by using arbitrary categorisations for ease
of comparison. Categories used for correlation were: Good
(r > 0.8 or R2 > 0.65), Moderate (r = 0.6–0.8 or R2 = 0.40–
0.65) or Poor (r ≤ 0.6 or R2 < 0.40). Categories used for
accuracy were: Good (≤5% mean difference compared to
face-to-face measure), Moderate (5–10% mean difference)
and Poor (>10% mean difference). We chose to use the face-
to-face method as the gold standard for each comparison as
this is the method currently used in research and practice,
and the focus of our review was on whether the remote
performance of measures could substitute for face-to-face
measurement rather than which method was more consistent
or responsive. Given the range of measures and heterogeneity
of measurement, we did not attempt to formally evaluate the
certainty of the evidence.

Results

Our searches yielded a total of 30 analyses contained in 17
publications [21–37]. A summary PRISMA flow diagram is
shown in Figure 1, and the details of the individual searches
are given in Supplementary Table 1. Four studies used the
SPPB [22, 26, 29, 33], four used gait speed [32, 33, 36, 37],
three used timed walk [28, 29, 31], one used the Tinetti gait
and balance score [34] and three used the Berg balance score
[23, 35, 36]. Six studies used the TUAG test [21, 23, 27, 31,
36, 37], four used the STS test [25, 27, 33, 37] and four used
handgrip strength [24, 30–32]. One study [23] used the step
test, and no studies used the shuttle walk test. A summary
of included studies is shown in Table 1. Study size ranged
from 10 to 300 participants; the most common country of
study was the USA. The mean age of included participants
ranged from 61 to >80, with most studies having a mean
age between 70 and 80 years. Most studies included a broad

range of older people, unconstrained by a specific disease
condition.

Quality assessment

Table 2 shows the results from the QUADAS-2 risk of bias
assessment. Most studies had a moderate or high risk of
bias for patient selection due to non-consecutive patients
being included, or highly selected populations studied. There
was insufficient information present in most papers to assess
the risk of bias in the domains of either the index test or
the reference test. Published descriptions of participant flow
through the included studies were adequate to assess the risk
of bias in most cases; most studies demonstrated a low risk
of bias in this domain.

Acceptability and feasibility

Only three of the included studies undertook quantitative
assessment of acceptability or feasibility. Simpson et al. [33]
designed a remotely monitored exercise application to assess
gait speed. They reported that the monitoring application
was feasible to use, with participants performing >100%
of the prescribed exercise sessions completed and had good
participant satisfaction (rating the system usability (78%),
enjoyment (70%) and system benefit (80%) as high). Gille-
spie et al. [35] conducted an acceptability survey with their
participants after the study, with >60% self-assessing that
they were be able to use the video conferencing software for
the study. One other study (Hwang et al. [31]) employed
the system usability scale, a validated measurement tool, that
rates a user’s experience of technology on 10-question, 5-
point Likert Scale administered to the participant at the
end of the telerehabilitation assessment. The mean system
usability scale total score in this study was 85 (SD 15) out of
100.

Comparability of remote measures with
face-to-face measures

Measures of comparability for each study are shown in
Supplementary Tables 2–10, grouped by physical perfor-
mance measure; we summarise and discuss the results for
each measure in narrative synthesis below. Most, but not
all, included studies that compared remote and face-to-face
measures; those that did not are still included in the review
as they include data on feasibility and acceptability. Table 3
summarises the findings for both correlation between face-
to-face and remote measures and for the degree of difference
between face-to-face and remote measures (accuracy).

Short Physical Performance Battery

Four studies compared remote assessment with face-to-face
SPPB (Supplementary Table 2). One of the four studies
[32] used a remotely monitored exercise application. Three
of the four studies studied video-prompted patient self-
report as the remote outcome measure. The Mobility Assess-
ment Tool (MAT-sf ) tool was used in two of these studies
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Figure 1. Summary PRISMA flow diagram for all searches combined.

[22, 26], and the virtual Short Physical Performance Battery
(vSPPB), was used in one [29]. In both cases, participants
rate their own physical capabilities based on viewing a video
or animation of graded physical tasks, and the results of
this self-assessment were compared with face-to-face SPPB

measurements. No study used a clinician observing the SPPB
over a video link as the remote assessment, and no data
were available assessing the difference in scores between
the vSPPB and the in-person SPPB. One study showed
only a weak association between the MAT-sf and the SPPB
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Table 2. Risk of bias based on QUADAS-2 domains

Study QUADAS-2 domain

Patient selection Index tests Reference tests Flow and timing
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Botolfsen et al. 2008 [21]

Rejeski et al. 2010 [22]

Russell et al. 2013 [23]

Tseng et al. 2013 [24]

Banerjee et al. 2014 [25]

Guerra et al. 2014 [26]

Verheyden et al. 2014 [27]

Holland et al. 2015 [28]

Marsh et al. 2015 [29]

Blomkvist et al. 2016 [30]

Hwang et al. 2017 [31]

Chkeir et al. 2019 [32]

Simpson et al. 2020 [33]

Venkataraman et al. 2020 [34]

Gillespie et al. 2021 [35]

Pelicioni et al. 2022 [36]

Peyrusqué et al. 2022 [37]

Red, high risk of bias; orange, moderate risk of bias; green, low risk of bias, grey, unclear risk of bias.

Table 3. Summary table for accuracy of remotely assessed physical performance measures

SPPB Gait speed Walk tests Tinetti Berg Step test TUAG STS Grip strength
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Number of studies
with data on
accuracy

3 3 3 1 3 1 6 2 4

Correlation
between
face-to-face and
remote measures

Good: 0/3
Moderate: 2/3
Poor: 1/3

Good: 2/3
Moderate: 1/3
Poor: 0/3

Good: 0/3
Moderate: 0/3
Poor: 1/3
No data: 2/3

Good: 0/1
Moderate: 1/1
Poor: 0/1

Good: 3/3
Moderate: 0/3
Poor: 0/3

No data Good: 3/6
Moderate: 0/6
Poor: 0/6
No data: 3/6

Good: 1/2
Moderate: 0/2
Poor: 0/2
No data: 1/2

Good: 2/4
Moderate: 0/4
Poor: 1/4
No data: 1/4

Accuracy of remote
measures

No data Good: 0/3
Moderate: 0/3
Poor: 1/3
No data: 2/3

Good: 1/3
Moderate: 1/3
Poor: 0/3
No data: 1/3

Good: 0/1
Moderate: 1/1
Poor: 0/1

No data Good: 1/1 Good: 2/6
Moderate: 0/6
Poor: 0/6
No data: 4/6

Good: 1/2
Moderate: 0/2
Poor: 0/2
No data: 1/2

Good: 1/4
Moderate: 0/4
Poor: 0/4
No data: 3/4

Correlation: good: r > 0.8 or R2 > 0.65; moderate: r = 0.6–0.8 or R2 = 0.40–0.65; poor: r ≤ 0.6 or R2 < 0.40. Accuracy: good: ≤5% mean difference compared to
face to face; moderate: 5–10% mean difference; poor: >10% mean difference.

(R2 = 0.24–0.29); another showed a moderate association
(R2 = 0.40). The vSPPB showed moderate correlation with
the in-person SPPB (r = 0.60).

Gait speed

Four studies evaluated Gait Speed (Supplementary Table 3)
of which three compared face-to-face and remote assessment.
Chkeir et al. [32] compared a radar-based gait speed measure
with clinician timed walk speed. They reported a correlation
of 0.62 by linear regression, but gait speed by radar was only
77% of that measured by face-to-face timing. The study did
not use a video link for remote clinical assessment. Pelicioni
et al. [36] compared face-to-face with both live and recorded

video assessments. Both interrater and intrarater reliabilities
(measured by intraclass correlation coefficient) were good.
Peyrusqué et al. [37] compared remote assessment via video
link with a face-to-face assessment conducted later. Face-to-
face assessments were performed outside by the same evalu-
ator within a week of the remote assessment and intraclass
correlation was moderate to good between the two measures
(ICC = 0.62–0.77).

Timed walk/400 m walk

Three studies used a timed walk or 400 m walk as a physical
performance measure (Supplementary Table 4). Marsh et al.
[29] compared the vSPPB, (where patients self-report their

7

https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afac327#supplementary-data
https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afac327#supplementary-data


P. A. Heslop et al.

ability levels using reference videos), with face-to-face mea-
surement of 400-m walk time. The two measures were not
highly correlated (r = 0.54); the face-to-face SPPB showed
much stronger correlation with the face-to-face 400 m walk
(r = 0.82). Hwang et al. [31] compared 6-minute walk dis-
tance performed in a hospital clinic and assessed via video
link with 6-minute walk distance assessed face to face. They
found good average agreement but considerable individual
variation between the modes of assessment (mean difference
= −4 m and limits of agreement −84 to 76 m). Holland et al.
[28] also measured 6-minute walk distance but compared
self-reported home measurements (i.e. outdoors, without a
dedicated, measured track) with in-clinic measurements (i.e.
a controlled, measured environment). This study found con-
sistently lower walk distance at home, with wide individual
variation (mean difference = −30 m, limits of agreement =
−167 to 102 m). In this study, track length at home showed
a significant correlation with the discrepancy between home
and hospital measures (r = 0.58; P < 0.001); shorter home
tracks were associated with shorter home walk distances
relative to the hospital walk distance.

Tinetti gait and balance score

One study [34] compared Tinetti score assessed from video
recordings with face-to-face assessment (Supplementary
Table 5). This study found higher scores on in-person
assessment than via video, with moderate agreement between
in-person and slow-motion video on regression analysis
(B = 0.62; 95% CI = 0.37–0.87).

Berg balance scale

Three studies evaluated the Berg Balance Scale by comparing
face-to-face assessment with video (Supplementary Table 6).
Russell et al. [23] compared face-to-face assessment with
simultaneous remote assessment and found a high level of
agreement. Although percent exact agreement (%EA) scores
were low, percent agreement within one point was high,
suggesting that differences in scoring were minor. Gillespie
et al. [35] used an interrater reliability study design to
evaluate the reliability between two individual raters by
using Krippendorff’s alpha reliability estimate, producing
a result of 0.97 (0.96–0.99 CI). They also conducted an
acceptability survey with 19/20 of the participants, with
60% self-assessing that they were be able to use the video
conferencing software for the study. Pelicioni et al. [36]
also found good intrarater results (ICC 95% CI) were: 0.82
(0.442–0.940) versus realtime video and 0.78 (0.339–0.927)
versus recorded video.

TUAG test

Six studies used the TUAG test to measure physical perfor-
mance (Supplementary Table 7), and comparative data were
available from five of these studies. Russell et al. [23] analysed
the limits of agreement (with a clinically acceptable limit of
5.0 seconds). They found differences in the range of −1.25

to 1.24, with a mean difference of −0.01 (SD 0.63) and a
mean absolute difference of 0.47 seconds. Hwang et al. [31]
compared assessment via video link with a separate face-to-
face assessment and found good average agreement but some
individual variation between the modes of assessment (mean
difference = 0.2 s, limits of agreement = −2.8 to 3.3 s).
Botolfsen et al. [21] compared an extended timed up and
go, where each part of the test, such as turning, was timed
separately, with a standard TUAG, showing good correlation
(r = 0.85, P < 0.001); no data comparing difference in time
taken to complete the two tests were shown. Both Pelicioni
et al. [36] and Peyrusqué [37] also found a high degree of
correlation between remote and face-to-face TUG using ICC
measures.

STS test

Four studies compared remote with face-to-face assessment,
two of which compared remote assessment with face-to-
face assessment (Supplementary Table 8). Banerjee et al. [25]
compared a video algorithm with clinician stopwatch tim-
ings, reporting only minor mean differences between stop-
watch timings and timing from each of three versions of their
algorithm (0.17, 0.094 and 0.011 seconds, respectively).
Limits of agreement were not given. They also concluded
that the video angle and chair choice were important factors
in their video processing algorithm accuracy. Peyrusqué et al.
[37] found very high correlation between remote and face-
to-face measurement (ICC = 0.96 [95% CI = 0.89–0.99])
where face-to-face assessment was conducted within 7 days
of the remote assessment.

Grip strength

Four papers studied grip strength (Supplementary Table 9).
Chkeir et al. [32] provided a home testing mechanism for
measuring grip strength and reported good correlations with
clinic-based measurements (R2 = 0.80 by linear regression,
with remote measurement by grip-ball being on average
10% lower than by face-to-face measurement by Jamar
dynamometer). Hwang et al. [31] compared remote grip
strength assessment via video link with a separate face-to-face
assessment and found good average agreement but consider-
able individual variation between the modes of assessment
(right grip: mean difference = 0.2 kg, limits of agreement =
−6.5 to 6.8 kg; left grip: mean difference = 0.3 kg, limits of
agreement = −5.6 to 6.1 kg). Tseng et al. [24] also compared
clinic-based grip measurements with a remote home-based
system; only a weak correlation was noted (r = 0.29) and
app-based grip strength was approximately half that recorded
by clinic-based measures. Much better results were seen by
Blomkvist et al. [30] who compared squeezing a Nintendo
Wii balance board with standard grip strength measuring
equipment. This showed good correlation between the two
methods (r = 0.86 to 0.87) but much lower estimates of grip
strength by the Wii balance board (mean difference = 15.4 kg
dominant hand, 11.9 kg non-dominant hand).
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Step test

Russell et al. [23] showed high levels of agreement between
the remote and face-to-face assessments of the step test
using weighted kappa, %EA and percent agreement within
one point on the ordinal scale. The results are shown in
Supplementary Table 10.

Discussion

Summary of evidence

Our results suggest that great care is needed in interpreting
results from remote assessments of physical performance
for older people. Current evidence is insufficient to give
confidence in either the feasibility or acceptability of remote
assessment or the interchangeability of remote and face-to-
face assessment results. The studies included in our review
did not have comparison of remote and face-to-face assess-
ments as their primary goal. We found variable correlation
between remote and face-to-face measures, and even where
correlation is good, systematic over or underestimation of
results by remote assessment may mean that remote and
face-to-face results are not interchangeable without recourse
to correction factors. Few studies have been performed that
sought to formally test the feasibility, acceptability and accu-
racy of remote assessment of physical performance mea-
sures. For most studies included in this review, the data
reported were not adequate to enable conclusions to be
drawn about the robustness of remote assessment. Formal
testing of acceptability to participants, and feasibility (i.e. the
proportion of participants for whom a remote measure could
be completed) were lacking from the majority of studies.
Most studies did not attempt to replicate the face-to-face
measurement remotely, either via self-report or via video-
linked assessment. Differences in the type of assessment used
remotely, or the way that an assessment was deployed, are
likely to contribute to the lack of remote test accuracy noted
above. In addition, most studies did not report on contextual
factors or attempt to highlight how study processes (e.g.
who was conducting assessments and how they were trained)
might differ from the real-world research or clinical practice.
Many studies relied on correlation rather than including
more rigorous tests of accuracy and precision such as Bland–
Altman plots [38].

Study designs

Many of the included studies used designs that were not
well suited to comparing face-to-face and remote physical
performance measures. Our adapted QUADAS-2 analysis
shows there are likely biases across the studies. Populations
were not always representative and were often selected from
larger studies. In particular, few studies included patients
living with frailty and the feasibility, and the acceptability
of conducting remote assessments in this group is there-
fore uncertain. Socioeconomic data and other population
descriptors were not reported in most studies, and we were

thus unable to summarise these study characteristics in this
review. It was unclear in most studies if the remote assess-
ment measurements and face-to-face measurements were
performed without knowledge of each other, and face-to-
face as a ‘gold standard’ was not always performed. Studies
that employed video footage (either live or recorded) did
not represent the likely scenario for a real-world deployment
in that they used cameras, tripods and other equipment
that are beyond the means of the general public. Some
studies used physical performance measures that do not lend
themselves to assessment by observation, for example, grip
strength, and are thus less suitable for video link remote
assessment. For such measures, provision of a grip strength
device for use unobserved in the home, with measurements
reported back to the research team by the participant, may
be an alternative, but this approach requires further study.
Only one study reported a significant difference between the
remote and clinical measurements, and this was only due to
the specialised environment set up in clinic (i.e. a measured
walking track) that might not be available in all clinics, much
less in people’s homes.

Self- report versus remote assessment

Several of the studies use guided or coached self-report (using
example video clips or via an application) instead of direct
remote assessment via video link. In these cases, the studies
reported moderate to good correlation with face-to face mea-
sures but without a thorough comparison with alternative
assessment methods. This is particularly necessary when a
measurement is calculated from a device or sensor rather than
observation, i.e. grip strength. These findings suggest there
may be value in a study comparing clinical, direct remote and
guided or coached self-report assessments, or even a mixed
approach. This future work should ensure that sound testing
practices, including the standardisation of verbal instructions
and participant familiarisation, are incorporated as well as a
thorough quantification of reliability [39].

Limitations

There are a number of limitations to our analysis. As with any
systematic review, it is possible that we have omitted relevant
literature, although the use of a broad search strategy, mul-
tiple reviewers and hand searching reduced the chances of
missing relevant literature. The scope of our review excluded
populations <60 years of age and studies that used sen-
sors or applications to remotely monitor (i.e. without clin-
ical involvement). We deliberately chose to focus on older
populations for which the chosen outcome measures are
commonly used, and we also wished to avoid overlap with
other published or planned work. The heterogeneity of the
included study populations, study methods and analysis
methods did not permit meta-analysis. The heterogeneity
of included study populations and reported measures also
did not allow the generation of meaningful funnel plots
as a way to test for possible publication bias. Such bias
cannot be excluded, and it is important to note that if the
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publication bias favours results that support the validity of
remote studies, the real state of the evidence will be even
less robust than our summary presented in this paper. We
did not study reliability, responsiveness or external validity
of remotely collected measures in this review. If a measure
has been shown to have good reliability and responsiveness
face to face, and the remotely collected results are similar, we
assume that the remote measure will therefore also be reliable
and responsive. Empirical data to support this assumption
are lacking, however, and would be a useful focus for future
study.

Implications for practice and research

This review has found a lack of robust evidence to support
the use of remotely collected physical performance measures
in older people. Although the use of remote measures is a
practical response to the restrictions on social and health
care contact imposed by the COVID-19 pandemic, it is
unclear whether the remote collection of physical perfor-
mance measures is acceptable to patients, feasible or provides
comparable results to face-to-face measures. Using remotely
collected measures, therefore, risks problems of missing data,
inaccurate or biased data and imprecision, leading to greater
dispersion of measurements. Before using remotely collected
physical performance measures more widely, validation stud-
ies are required that are specifically designed to compare
remote and face-to-face collections of the same outcome, in
representative populations, using study designs that adhere
to STARD guidelines [40]. In the meantime, caution is
needed in the interpretation of studies or clinical practice
measurements that are collected remotely, and we recom-
mend avoiding combining and comparing data from face-
to-face and remote assessments of physical performance in
the same study.
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