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Abstract Objective: To determine the reliability of 3 physical performance tests performed via
a telehealth visit (30-s arm curls test, 30-s chair stand test, 2-min step test) among community-
dwelling older veterans.
Design: Cross sectional study.
Setting: Virtual.
Participants: Veterans (N=55; mean age 75y) who enrolled in Gerofit, a virtual group exercise
program.
Interventions: Not applicable.
Main Outcome Measures: Participants were tested by 2 different assessors at 1 time point. The
intraclass correlation coefficient (ICC) with 95% confidence intervals and Bland-Altman plots
were used as measures of reliability. To assess generalizability, ICCs were further evaluated by
health conditions (type 2 diabetes, arthritis, obesity, depression).
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Results: Assessments were conducted among 55 participants. The ICC was above 0.98 for all 3
tests across health conditions and Bland-Altman plots indicated that there were no significant
systematic errors in the measurement.
Conclusions: The virtual physical performance measures appear to have high reliability and the
findings are generalizable across health conditions among veterans. Thus, they are reliable for
evaluating physical performance in older veterans in virtual settings.
Published by Elsevier Inc. on behalf of American Congress of Rehabilitation Medicine. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Maintenance of health and independence is important for all
older adults, especially for the rapidly growing number of
aging veterans.1 Assessment of physical function and espe-
cially mobility is widely advocated as a means to monitor risk
for adverse health outcomes as well as patient prioritized
goals of care.2,3 The Senior Fitness Test (SFT) is an estab-
lished, well-validated, and reliable physical performance test
commonly used in geriatric and rehabilitative care.4,5 Further-
more, SFT is correlated with usual gait speed6 and falls risks.7

Veterans Affairs (VA) has placed a high priority on developing
modes of telehealth, but the reliability of physical perfor-
mance tests in the virtual setting is unknown. The coronavirus
disease 2019 (COVID-19) pandemic rapidly transformed the US
health care system with a substantial increase in virtual visits
and assessments.8 In response to the pandemic, the VA Gerofit
program transformed its face-to-face group exercise program
into telehealth-delivered classes.9 Gerofit is a group-based
exercise program that promotes health and wellness for older
veterans. Gerofit was declared a VA best practice, with 17 VA
medical centers having implemented it.10 Since the beginning
of the pandemic, Gerofit has served over 240 veterans at 13
VA medical centers. Before the COVID-19 pandemic, face-to-
face Gerofit physical performance assessments included the
SFT.11 These assessments were done to help guide personal-
ized exercise prescription and monitor progression.4,5,10,12 Vir-
tual Gerofit physical performance tests were chosen based on
their ability to be safely performed at home with minimal
space and equipment required.

As virtual physical performance assessment became a
necessity, the need to evaluate psychometric properties
of previously used face-to-face instruments in a virtual
setting became a priority. Reliability is one of the mea-
surement properties referring to the degree to which the
results from the measurement are stable and consis-
tent.13 Reliability plays an important role in ensuring the
quality of the results from the instrument in research,
clinical practice, and health assessment.14 Thus, the pur-
pose of this study was to examine the reliability of the
virtual physical performance assessments conducted dur-
ing the Gerofit assessments.
Methods

To track outcomes, veterans who enroll in Gerofit undergo a
physical and questionnaire assessment at baseline, 3, 6, and
12 months and then annually thereafter. This cross-sectional
study was conducted from May 2020 to February 2021 during
the COVID-19 pandemic. Gerofit is a clinical program; thus,
participation is voluntary and written consent is not
required. The Durham VA Health Care System maintains an
annually reviewed and approved institutional review board
protocol for retrospective analyses of program outcomes for
all participating Gerofit sites. This analysis included 55 Gero-
fit participants from the VA Boston Healthcare System who
completed the virtual physical performance assessment at
their appropriate time point.

Referrals to Gerofit are generated by their medical pro-
viders. Exclusion criteria for Gerofit include an inability to
perform activities of daily living, cognitive impairment,
unstable angina pectoris, proliferative diabetic retinopathy,
oxygen dependence, incontinence, open wounds, volatile
behavior, inability to be effective in a group setting, active
substance abuse, and homelessness.10

The virtual physical performance assessments were
assessed by 2 testers, a physical therapist and an exer-
cise physiologist, at the same point in time using VA
Video Connecta or Zoom Video Conference.b Before the
virtual assessment, the assessors obtained the veteran’s
name, location, phone number, emergency contact, and
medical history during the medical chart review. Veter-
an’s age, body mass index, sex, and race were recorded
from the computerized patient record system. During the
virtual assessment, global health, self-reported physical
activity, pain, fear of falling, and self-reported conditions
were also recorded. Veterans reported average pain using
a 0-10 scale, with 0 indicating no pain and 10 indicating
worst imaginable pain in the past 7 days.

Physical performance measures

Fully remote, virtual physical performance assessment
included (1) 30-second arm curls to measure upper
extremity function; (2) 30-second chair stands to mea-
sure lower extremity function; and (3) 2-minute step test
to measure cardiorespiratory function from the SFT.15 All
veterans completed a 5-minute warmup and all test
directions were standardized. Adaptations and methods
for the performance tests to a virtual setting were devel-
oped by Durham Gerofit program.9 Considering the possi-
ble video and audio delay, testers started the timer once
they observed the initiation of the movement by the vet-
eran. For the arm curl test, veterans were instructed to
do as many curls as they possibly could using available
weights or household items (eg, dumbbell, water jug) in
30 seconds. Veterans self-reported the weight that they
were using. For the chair stand test, veterans were
instructed to sit in the middle of any available chair,
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Table 1 Baseline characteristics of Gerofit virtual assess-
ment participants (N=55)

Characteristics Mean § SD

Age (y) 74.6§8.1
BMI (kg/m2) 29.4§5.8
Moderate-intensity aerobic
activity/wk (min)

84.1§96.7

Moderate-intensity strength
training/wk (min)

21.5§30.0

Pain rating (0-10 scale) 3.7§1.0

n (%)

Sex (female) 8 (14.6)
Race (non-Hispanic White) 48 (87.27)
Fear of falling (yes) 17 (30.9)
Self-report health rating 34 (61.82)
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arms across their chest, and stand all the way up and
down as fast and as many times as they could for 30 sec-
onds. The number of repetitions was recorded for arm
curls and chair stands. As part of the 30-second chair
stands, time to complete the initial 5 chair stands was
also recorded. For the 2-minute step test, veterans were
instructed to march in place, bringing their knee halfway
up between knee and hip as many times as they could in
2 minutes. The number of steps completed during the 2
minutes was recorded.

The video camera angle was adjusted for each test so
that the testers were able to observe veterans’ full range of
motion (eg, arms for arm curl, chair and torso for chair
stand, and legs for 2-minute step test). Additional verbal
cues and demonstrations were provided by the tester who
was leading the assessment when veterans were not per-
forming the tests correctly (eg, not sitting or standing up all
the way).
(excellent/very good)
Self-report diagnosis of diabetes 38 (69.09)
Self-report diagnosis of arthritis 42 (76.4)
Self-report diagnosis of neuropathy 11 (20.0)
Self-report diagnosis of depression 36 (65.5)

NOTE. Five of the 55 study participants completed multiple vir-
tual assessments.
Abbreviation: BMI, body mass index.
Statistical analysis

Sample characteristics are presented as means and SDs
for continuous variables and frequencies and percen-
tages for categorical variables. Student t test for
paired sample was used to test the difference between
the 2 testers. The reliability was assessed using the
intraclass correlation coefficient (ICC) with 95% confi-
dence intervals and Bland-Altman plots. ICC values
range from 0-1, where 1 corresponds to perfect agree-
ment. An ICC ≥0.80 was considered high, 0.60-0.79
moderate, and <0.60 poor relative reliability.16 ICCs
were calculated using a 2-way random effects model.
As a secondary analysis, we examined the ICC based on
presence or absence of specific health conditions (type
2 diabetes, arthritis, obesity body mass index≥30, and
depression) that might influence performance. Sensitiv-
ity analysis was conducted by removing tests that were
noted as having technical difficulties (eg, frozen
screen). Data were analyzed using Stata 15.1c with 2-
sided tests at an a=.05 significance level.
Results

Sample characteristics for the total sample (N=55) are pre-
sented in table 1. Participants were primarily male (n=47,
85.5%) and non-Hispanic White (n=48, 87.3%), with an aver-
age age of 75 years. Three-fourths of the veterans reported
a diagnosis of arthritis, and one-third reported fear of fall-
ing.

The 2 testers assessed 60 virtual physical performance
assessments, with 5 participants repeating their assessments
(eg, baseline, 3mo). Technology and/or the internet connec-
tion were limiting factors during the assessments. Of the 60
visits, 3 visits were complicated by technology problems
(5%). We experienced multiple rescheduling or canceling of
the virtual performance assessments because of technical
difficulties.

The means of the physical performance tests for each tes-
ter are presented in table 2 along with the results from the
reliability analysis. The ICC reflects high reliability for all
tests (ICC>0.99). Furthermore, reliability remained high
across health conditions (ICC>0.98) (table 3). A visual
inspection of the Bland-Altman plots with 95% limits of
agreement between testers revealed no significant propor-
tional bias (fig 1). The mean differences between testers
were 0.15 repetitions for arm curls, 0.14 repetitions for
chair stands, 0.14 steps for 2-minute step test, and 0.12 sec-
onds for 5 chair stands. The largest difference between the
2 testers for each test was 5 reps, 2 reps, 9 steps, and 3.08
seconds, respectively. This included assessments both with
and without technical difficulties. Removal of performance
scores with noted technical difficulties did not materially
alter the findings.
Discussion

This study provides important psychometric information
regarding the reliability of face-to-face physical perfor-
mance assessment conducted within virtual settings among
veterans. Our findings suggest that virtual physical perfor-
mance assessments arm curl test, chair stand test, and 2-
minute step test from the SFT are reliable (ICC>0.99), and
there was no significant systematic error in the measure-
ment among these older veterans.

The high ICC values observed from this study corre-
spond well with the results presented for face-to-face
performance assessments of community-dwelling older
adults5 and clinical populations.17,18 For example, among
community-dwelling older adults aged 60-94 years, ICC
values for SFT were between 0.80 and 0.98.5 Other stud-
ies among those with cognitive impairment and type 2
diabetes reported ICC values ≥0.92.17,18 Unfortunately,



Table 2 Reliability for physical performance measurements (n=60)

Measurements Tester 1
Mean § SD

Tester 2
Mean § SD

Difference
Mean § SD

ICC (95% CI)

30-second arm curls (reps) 20.62§6.22 20.47§6.40 0.27§1.11 0.992 (0.986-0.995)
30-second chair stand (reps) 11.49§3.53 11.38§3.42 0.14§0.72 0.989 (0.981-0.994)
2-minute step test (steps) 84.29§34.18 84.16§33.99 0.14§1.99 0.999 (0.999-0.999)
5 chair stands (s) 12.74§3.57 12.86§3.52 �0.12§0.68 0.990 (0.684-0.995)

NOTE. Five of the 55 study participants completed multiple virtual assessments.
Abbreviations: CI, confidence interval; ICC, interclass correlation coefficient.

Table 3 Reliability for physical performance measurements by comorbidities (n=60)

Comorbidities 30-Second Arm Curls 30-Second Chair Stand 2-Minute Step Test 5 Chair Stand

Diabetes
Yes 0.987 (0.975-0.994) 0.988 (0.976-0.994) 0.999 (0.993-0.999) 0.987 (0.974-0.994)
No 0.996 (0.989-0.999) 0.989 (0.970-0.996) 0.998 (0.994-0.999) 0.995 (0.987-0.998)

Arthritis
Yes 0.989 (0.979-0.994) 0.984 (0.969-0.992) 0.998 (0.997-0.999) 0.989 (0.979-0.994)
No 0.998 (0.992-0.999) 0.995 (0.983-0.998) 0.996 (0.999-0.999) 0.995 (0.984-0.999)

Obesity
Yes 0.996 (0.993-0.998) 0.998 (0.995-0.999) 0.999 (0.998-0.999) 0.997 (0.994-0.999)
No 0.986 (0.968-0.994) 0.973 (0.938-0.988) 0.999 (0.998-0.999) 0.985 (0.967-0.994)

Depression
Yes 0.992 (0.983-0.996) 0.989 (0.977-0.994) 0.999 (0.998-0.999) 0.988 (0.975-0.994)
No 0.993 (0.980-0.997) 0.985 (0.961-0.994) 0.999 (0.997-0.999) 0.993 (0.984-0.998)

NOTE. Five of the 55 participants completed multiple virtual assessments. Values are ICCs with 95% confidence intervals.
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no prior data on reliability of the 2-minute step test exist
within similar populations.

Face-to-face SFT was developed to assess older adults’
fitness levels to estimate the fitness level needed to
remain independent in their later life.4,5 It has been
used widely in both research and clinical settings.4 Our
study suggests virtual SFT is also reliable supporting its
uses among veterans undergoing virtual care. Considering
that Gerofit is serving over 240 veterans and monitoring
progression over time using the assessments evaluated in
this study, the findings support the clinical utility of
these tests.

Technology problems are always a concern in tele-
health.19 Although we experienced multiple cancelations
and rescheduling of the assessments owing to technol-
ogy and/or the internet, we experienced relatively few
connection delays (5%) where 1 of the testers was not
able to observe the performance tests in real time. As
a result, several of the largest differences between
testers can be explained by technical difficulties. How-
ever, the exclusion of these performance scores did not
materially alter the findings. It is important to note
that in addition to technical difficulties, we experi-
enced several challenges in participants’ home environ-
ments that made it challenging to complete the
performance assessment (eg, poor lighting and poor
camera angle). Furthermore, there are known charac-
teristics associated with lower rates of telehealth
utilization, including advanced age, rural residency,
lower socioeconomic status, and racial and ethnic back-
ground.20 Thus, future studies should examine the reli-
ability of virtual physical performance assessments in
diverse population to generalize the findings.
Study limitations

There are limitations to our study that need to be consid-
ered. Firstly, the protocols of the virtual performance tests
were modified from the face-to-face SFT. For example, vet-
erans used available weights and chairs, for which we did
not know the exact weight or height to complete the assess-
ments. These modifications are inevitable for virtual assess-
ments because veterans generally do not always have the
identical equipment used in a normal face-to-face assess-
ment. Secondly, we examined the interrater reliability at a
single time point and not prospectively. This study was
designed purposely to assess reliability in the framework of
the virtual Gerofit assessments. Thus, we were unable to
conduct test-retest reliability.

Despite these limitations, several strengths of this study
are noteworthy. Although there are new technological
developments in assessing physical performance virtually
using mobile health,21-23 these have been done in controlled
laboratory settings. The strength of our study is in the set-
ting, where we evaluated the reliability of real-life virtual



Fig 1 Bland-Altman plots for arm curls, chair stands, 2-minute step test, and 5 chair stands (N=60).
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assessment (eg, veterans joining from their home). Our find-
ings support the usage of performance tests in telehealth
virtual settings, which we will continue to use post COVID-19
pandemic.24 Thus, this study provides supporting evidence
that virtual performance assessments can be used in clinical
and research environments.
Conclusions

The virtual physical performance measures appear to have
high reliability across health conditions among veterans.
Thus, they are reliable for evaluating physical performance
in older veterans in virtual settings.
Suppliers

a. VAVideo Connect; VA Mobile Health.
b. Zoom Video Conference; Zoom Video Communications.
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