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A B S T R A C T   

The coronavirus disease-2019 (COVID-19) pandemic has changed the conduct of clinical trials. For studies with 
physical function and physical activity outcomes that require in-person participation, thoughtful approaches in 
transitioning to the remote research environment are critical. Here, we share our experiences in transitioning 
from in-person to remote assessments of physical function and activity during the pandemic and highlight key 
considerations for success. Details on the development of the remote assessment protocol, integration of a two- 
way video platform, and implementation of remote assessments are addressed. In particular, procedural chal-
lenges and considerations in transitioning and conducting remote assessments will be discussed in terms of ef-
forts to maintain participant safety, maximize study efficiency, and sustain trial integrity. Plans for triangulation 
and analysis are also discussed. Although the role of telehealth platforms and research activities in remote 
settings are still growing, our experiences suggest that adopting remote assessment strategies are useful and 
convenient in assessing study outcomes during, and possibly even beyond, the current pandemic. 

Trial register and number: ClinicalTrials.gov [NCT03728257].   

1. Introduction 

To date, coronavirus disease-2019 (COVID-19), has resulted in over 
31 million cases and 560,000 deaths in the U.S. alone [1]. It has led to 
socio-economic losses across all sectors [2]. It is no exaggeration that 
COVID-19 has had detrimental effects on global health and its ripple 
effects have disrupted every aspect of life as we know it. These changes 
have impacted the conduct of highly choreographed clinical trials, 
which require timely assessments to maintain scientific validity in 
evaluating the safety and efficacy of new interventions [3]. COVID-19 
restrictions and infection mitigation strategies have greatly restricted 
participation in face-to-face clinical trial research activities. However, 
when possible, it is critical to support continuing clinical trials using 
creative and thoughtful approaches to facilitate continued evaluation of 
intervention impact for improving health and preventing disability. 
Rather than halting clinical trials, investigators are considering ways to 
conduct clinical trials remotely when possible, while maintaining safety, 
following good clinical practice standards, and preserving the integrity 

of the trial. The first priority when considering any change in a study 
protocol is to protect the rights, safety and well-being of trial partici-
pants [4]. This is particularly important during a pandemic for trials like 
ours that include lung transplant recipients (LTR) whose immunosup-
pression contributes to increased vulnerability to emerging infectious 
agents [5]. 

Ironically, our ongoing randomized controlled trial, Lung Transplant 
GO (LTGO): Improving Self-Management of Exercise After Lung Trans-
plantation, was designed to evaluate a behavioral exercise intervention 
that provides individualized exercise training for LTR in their homes via 
a telehealth platform. While the intervention is delivered remotely via 
telehealth, many of our primary outcome measures were designed for 
face-to-face assessment. Based on the guidance of our university, state- 
wide health officials, and Human Research Protection Office, our 
study was able to continue remotely with appropriately modified pro-
tocols. While our original protocol already included strategies to recruit 
participants, collect self-report data, and deliver our telehealth inter-
vention remotely, there were other factors to consider before converting 
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to remote assessments for our primary study outcomes: physical func-
tion and physical activity. 

The transition of physical function and activity outcomes to remote 
assessment were guided by recent recommendations for conducting 
remote assessments in clinical trials during COVID-19 [6] and preser-
ving trial integrity during the pandemic [7,8]. These considerations 
included the availability of remote counterparts to face-to-face measures 
with established reliability and validity; the feasibility and efficacy of 
performing the assessment remotely; or the need to consider alternative 
approaches for remote assessment such as the collection of self-reported 
data that could be used as surrogate measures. We also weighed po-
tential disadvantages of performing assessments of physical function 
and activity remotely, such as safety concerns like falling, and avail-
ability of equipment, against the potential advantages of maintaining 
health and safety during pandemic. Therefore, the purposes of this paper 
are to share our experience adapting outcome measures to the remote 
environment to allow the LTGO trial to proceed during the COVID-19 
pandemic, and to inform other researchers who have similar outcomes 
so that remote measurements are valid, safe, and trial integrity is 
sustained. 

2. LTGO trial 

LTGO, a multi-component telerehabilitation exercise intervention, is 
currently being evaluated in an ongoing randomized, controlled trial 
(National Clinical Trial: 03728257). LTR are randomized to an enhanced 
usual care group or the LTGO intervention, a behavioral exercise 
intervention that provides individualized exercise training and behav-
ioral coaching for LTR in their home via a telehealth platform. The LTGO 
intervention is delivered in two phases. Phase 1: Intensive home-based 
exercise training and behavioral coaching sessions via a videoconfer-
encing platform; and Phase 2: Transition to exercise self-management 
with a behavioral contract followed by 3-monthly telephone sessions 
to provide behavioral coaching and exercise reinforcement. The primary 
study aims are to evaluate efficacy of LTGO in improving physical 
function and physical activity from baseline to 3 and 6 months. Eligi-
bility criteria are shown in Table 1. 

2.1. Outcome measures: pre and during COVID-19 

The measures of physical function and physical activity were 
examined to determine which outcomes could be assessed remotely, and 
if not suitable for remote assessment, what other surrogate measures 
were available as shown in Table 2. 

2.1.1. Physical function 

2.1.1.1. Walking ability. The 6 Minute Walk Test (6MWT) is a stan-
dardized, well-validated measure of functional capacity [9]. Testing is 
conducted according to American Thoracic Society Guidelines and 

participants are asked to walk on a ~ 37.56-m track as far as possible in 
6 min while an assessor observes and keeps time. Conducting the 6MWT 
remotely would require long, unobstructed hallways beyond the space 
of most places of residence. A PubMed search for “remote 6MWT” 
revealed several promising options for using a smartphone to conduct 
the 6MWT [10,11]. However, the apps and algorithms were not avail-
able for download by the public or by the research team, preventing 
their use for remote 6MWTs for our study. Furthermore, the 4-m gait 
speed (4MGS) test is strongly correlated with the 6WMT (r = 0.85) test 
[12]. However, the test involves a 1-m acceleration zone, a 4-m testing 
zone, and 1-m deceleration zone (6 m = 19.7 ft) [13]. Incorporating 
mobility assessments that required the procuring of a certain distance 
raised concerns of feasibility and accuracy in measurement given the 
uncontrolled remote setting (e.g., lack of space in participant’s home, 
difficulty in determining an accurate distance visually via video 
conferencing). The 30-s sit-to-stand test (30-s STS) measures lower body 
strength and has been recommended as an alternative when conditions 
do not permit the 6MWT [14]. Multiple studies in different samples 
found that the 30-s STS, was moderately correlated with the 6MWT, 
including correlations of r = 0.528 to 0.660 (p < .001) in a sample of 
healthy young adults [15]; adults with chronic obstructive pulmonary 
disease [16]; and pulmonary hypertension [17]. Since the 30-s STS test 
was already included in our protocol for assessment of lower body 
strength, it was selected as a reliable remote surrogate measure for 
walking ability. 

2.1.1.2. Balance. The Berg Balance Scale (BBS) [18,19] tests the par-
ticipant’s ability to handle tasks that require balance (e.g., sitting to 
standing, placing alternate foot on stool). We modified the protocol to 
perform the test remotely via two-way video; methods are further 
described in the remote Physical Function Assessment (PFA) protocol 
below. 

2.1.1.3. Lower body strength. The 30-s STS measures lower body 
strength [20]. A trained assessor instructs the participant to: 1) sit in the 
middle of a chair (17-in. height, with a straight back without armrests); 
2) place hands on the opposite shoulder crossed at the wrists; 3) keep 
feet flat on the floor and back straight. The participant is asked to rise to 
a full standing position, sit down on the chair and repeat this move for 
up to 30 s. The protocol was modified to perform the 30-s STS remotely 
via two-way video; methods are further described in the remote PFA 
protocol below. 

2.1.1.4. Maximal exercise capacity. A Cardio Pulmonary Exercise Test 
(CPET) is performed in a laboratory setting to determine physical 
function (maximum exercise watts for age, height, weight, and gender) 
based on isoworkload measurements of cardiopulmonary metabolic re-
sponses at the point of participant’s volitional exhaustion [21]. Due to 
COVID-19 restrictions, the clinical laboratory suspended non-essential 
pulmonary testing forcing us to exclude the direct measure of maximal 
exercise capacity until laboratory testing can be resumed. 

2.1.1.5. Quality of life. The St. George Respiratory Questionnaire 
(SGRQ) [22], a 2 part, 50-item, self-report questionnaire administered in 
person or by phone to assess overall health, daily life, and perceived 
wellbeing. Administration of the SGRQ already includes remote data 
collection options, so no modification was required. 

2.1.2. Physical activity 

2.1.2.1. Steps per day (SPD). All participants are provided a Fitbit 
Charge 3 (Fitbit Inc., San Francisco, CA). The number of days that the 
participant wears the Fitbit is used to document adherence to self- 
monitoring of walking goals. SPD are already monitored remotely, so 
no modification was required. 

Table 1 
Inclusion and exclusion criteria for study population.  

Inclusion criteria Exclusion criteria  

• Age: ≥18 years  • Greater than 1-year post-transplant 
hospital discharge  

• Discharged home after lung 
transplant surgery  

• Chronic conditions that may severely 
limit participation in exercise training 
(e.g., cardiac, musculoskeletal or 
cognitive impairments)  

• >4 weeks post-surgery  • No home internet or smart device with 
Bluetooth capabilities  

• Physician report of difficulty walking 
0.25 mile or climbing 10 steps 
without resting  

• Medical issue precluding participation  

• Medical monitor approves patient 
eligibility for participation  

• Unwilling to be screened or 
approached about research  
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2.1.2.2. Time spent in light, moderate, and vigorous activities. All partic-
ipants are provided an Actigraph GT3X (ActiGraph, LLC., Pensacola, FL) 
and accelerometer to measure physical activity for a 7-day period at 
baseline, 3 and 6 months. Participants are instructed to: 1) wear the 
Actigraph on their waist during waking hours (except during imaging 
studies such as bronchoscopy, bathing or showering), 2) keep a paper 
activity diary, and 3) return the device and diary by mail in a pre-paid 
envelope. The Actigraph provides tri-axial vector data in activity 
units, metabolic equivalent tasks (METs), or kilocalories. Validity has 
been established in people with chronic lung disease [23]. Physical ac-
tivity is reported as average minutes spent per day in light (<3 METs) 
and moderate/vigorous (≥3 METs) activity at each time point. Due to 
challenges of not having a centralized work location, limited face-to face 
participant contact, and increased turnaround time for receiving devices 
from participants during COVID-19, Actigraph data were not always 
available. Therefore, the International Physical Activity Questionnaire 
Short Form (IPAQ-S) [24] was added as a surrogate measure, adminis-
tered over the telephone, of time spent in certain activities during the 
pandemic. The IPAQ-S is a 7-item, self-reported physical activity 
assessment completed either by telephone or mailed. The data can be 
expressed as a categorical score (low, moderate, or high) or a continuous 
score of metabolic equivalent-minutes per week. The psychometric 
evaluations report good reliability, with a test-retest Spearman’s coef-
ficient of 0.64 for the telephone version and 0.79 for the self- 
administered version, which we adapted in this study. Spearman’s co-
efficient between accelerometer derived activity and self-reported ac-
tivity of r = 0.42 to 0.52 for total physical activity and 0.77 to 0.86 for 
greater than 150 min of physical activity/week provided evidence of its 
validty [24]. 

2.2. Development of the remote PFA protocol 

2.2.1. Video platform 
We selected Zoom as the two-way, remote assessment platform to 

expand the reach, scalability, and performance of physical assessments 
(30-s STS and BBS) during COVID-19 and/or situations where partici-
pants are limited in leaving their homes or where access to care is 
restricted such as in rural areas [25]. Zoom is Health Insurance Porta-
bility and Accountability Act of 1996 compliant through applying 
mandatory account settings to customers’ accounts. Zoom protects and 
encrypts all audio, video, and screen sharing data, and does not have 
access to identifiable personal health information. Other notable Zoom 
security features are shown in Table 3. Quality control monitoring for 
reliability and reproducibility was performed before conducting as-
sessments remotely via videoconferencing in participants’ homes. 

Practice PFA sessions were conducted between assessors with other 
research staff with no knowledge of the assessment as participants. 
Training focused on providing consistent participant instructions and 
determining scores based on standard criteria for consistency and 
reproducibility. For quality assurance, each assessor was evaluated by a 
gold-standard reviewer prior to taking the role as an assessor. 

2.2.2. Equipment and space needs 
To perform remote assessments, participants need a laptop or tablet 

with a functioning video camera and speakers, a chair with arms, an 
armless chair, a ruler, tape, a cup, and a step-stool. Adequate space is 
also required to conduct the assessments; ideally near a wall for safety 
that allows for roughly 10 ft between the participant and the laptop/ 
tablet so the assessors are able to view the participant clearly from head 
to toe.In order to ensure that a participant has the necessary equipment 
and space, a pre-assessment protocol was developed (described below). 
However, as the remote assessments occurred, scripts and procedures 

Table 2 
Summary of measures.  

Pre-COVID-19 measures During COVID-19 measure 

Outcome variables Measure Remote measure 

Physical 
function 

Walking ability 6 Minute Walk Test assessed in person: distance walked in feet/ 6 min assessed 
(longer distance indicates better walking ability) 

30-Second Sit-to-stand Test (30s-STS) 
assessed remotely via Zoom 

Balance Berg Balance Scale assessed in person: 14-items related to balance using a 5-point 
ordinal scale from 0 (lowest level) to 4 (highest level); Total scores range from 0 to 56 
(higher scores indicate better balance) 

Berg Balance Scale assessed remotely via 
Zoom 

Lower body strength 30-Second Sit-to-stand Test assessed in person: the number of sit-stand repetitions 
performed in 30 s (more repetitions indicate better lower body strength) 

30s-STS assessed remotely via Zoom 

Maximal exercise capacity Cardiopulmonary Exercise Test performed in person in specialized laboratory: watts 
and blood pressure at isoworkload 

Unable to perform during COVID-19 
remotely due to potential aerosolized spread 

Quality of life St. George Respiratory Questionnaire (SGRQ) administered in person or remotely: 50- 
item to assess overall health, daily life, and perceived wellbeing (higher scores 
indicate more limitations and poorer quality of life.) 

SGRQ administered remotely via phone 

Physical 
activity 

Steps per day Fitbit: total steps/day Fitbit: total steps/day 
Time spent in light, 
moderate, & vigorous 
activities 

Actigraph GT3X: mins/day per level of activity Actigraph GT3X: mins/day per level of 
activity 
International Physical Activity Questionnaire 
Short Form administered remotely via phone  

Table 3 
Considerations for video conference settings using Zoom.  

Points to consider in setting video conferences 

Meeting invite/link/ 
settings  

• Use Health Insurance Portability and Accountability Act 
of 1996 compliant account (i.e., require encryption for 
3rd party endpoints; recording disclaimer)  

• Disable participants to join meeting before host  
• Enable waiting room feature (allows host to admit 

participants individually)  
• Enable participants to join meeting online (using 

browser) to bypass the application download process  
• Provide contact of videoconferencing software company 

to troubleshoot problems to participants 
Chats  • Enable all meeting participants to send and receive 

messages  
• Disable participants from saving chats or messages to 

minimize breach of confidentiality and privacy 
Recording  • Enable recording disclaimer to inform all participants 

that the session is being recorded 
Security  • For 2-person meetings, disable peer to peer connection 

for increased security  
• Create meeting invites with unique meeting 

identification and passcode (for security purposes)  
• Only the host should be able to record meetings to 

minimize breach of confidentiality  
• Disable saving in cloud (save recordings on local 

computer)  
• Enable only host and co-hosts to have meeting controls 

Confidentiality and 
privacy  

• Disable display of profile pictures  
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were revised to address unanticipated problems/issues. For example, 
some participants did not have a ruler in the home, or the ruler markings 
were difficult for the assessor to see on the video camera during the 
reach test. To address this problem, we created a paper ruler with bold 
markings that could be visible to the remote assessor from a distance and 
included it in the mailed assessment packet. Similarly, instead of dis-
playing the Borg Rating of Perceived Exertion (RPE) scale via screen- 
sharing, we included this scale in the mailed assessment packet. 

2.2.3. Participant instructions 
For in-person PFA the assessor sets-up all of the equipment, however 

for remote assessments, participants are provided additional in-
structions before and during the assessment to set-up equipment them-
selves. Once set-up is complete, the assessor demonstrates each test and 
observes the participant for proper procedure and adequacy of the 
screen view. The assessor frequently needs to instruct the participant to 
adjust the distance and angle of the camera so that their entire body 
(head to toe) is in view to allow the assessor to score the assessment or 
ensure safety. When the view of the participant is not clear to the 
assessor despite equipment adjustments, the participants are asked to 
describe their surroundings such as the distance from the wall. 

2.2.4. Safety 
In addition to the changes required to make remote testing feasible, 

the remote PFA protocol adopted additional precautions to ensure 
participant safety. The original in-person safety protocol outlined cir-
cumstances (e.g., signs and symptoms) that warranted stopping the PFA, 
activating a rapid response team, and notifying the principal investi-
gator (PI) and/or key personnel. In order to make the existing safety 
protocol applicable for remote PFA, changes included adding in-
structions to dial 911 in case of an emergency and the national hotline 
and crisis line in the event of suicidal ideation. Additional safety pre-
cautions for the remote setting included assessing whether participants 
planned to exercise alone, and if so, their comfort level in doing so. This 
allows the assessor to know who to inform in the event of an emergency. 
Furthermore, prior to initiating the 30-s STS, the participant’s ability to 
safely stand up from chair without help is assessed. If the participant is 
unable to stand independently, the test is stopped for safety purposes 
and the safety protocol is initiated by notifying the PI for further risk 
assessment and instructions. For the BBS, additional verbal instructions 
and demonstration of most test-items are included. For tests that require 
freestanding, the participant is instructed to stand near, but not touching 
a wall, for safety purposes, in case of loss of balance. If space or room 
layout prevents standing near a wall, free-standing is permitted if the 
participant verbalizes comfort and safety. In addition, instructions for 
suspending the test or initiating the safety protocol are included, such as 
the participant scores too low on a task or safety is a concern. To prevent 
possible fatigue during testing, we offer frequent breaks and monitor 
participant’s condition during testing. 

2.2.5. Addition of an observer 
When assessors began to train for remote PFA protocol in prepara-

tion for remote assessment, we realized the assessor was juggling mul-
tiple responsibilities including correct equipment set-up in participant’s 
homes, providing instructions, assessing the participant’s understanding 
of instructions, conducting the test, assessing the participant’s safety 
throughout testing, evaluating the performance, and scoring the test. 
This extensive list of activities often overwhelmed the assessor and 
introduced testing errors, thus, the observer role was created. The ob-
server’s primary responsibility is to assess the testing environment and 
ensure the assessor has an appropriate view of the participant to score 
the test. During each PFA session, the observer notes potential issues 
with: 1) camera positioning; 2) assessment equipment; 3) lighting; 4) 
video technology; and/or 5) participant safety. The observer serves to 
assess the quality of the testing and to optimize testing conditions by 
providing the participant with additional instructions if warranted. 

3. Implementation of remote physical assessments 

The steps to prepare and implement remote PFAs are shown in Fig. 1. 
First, after a participant enrolls in the study, a research staff member 
contacts the participant for scheduling and pre-assessment checks. Lo-
gistics of remote setup and preparation instructions are discussed by 
phone and email. Once scheduled, the participant is introduced to the 
video software (Zoom), provided with the assessment meeting link and 
passcode, and informed that a box will be mailed including all study 
materials for the scheduled visit. One or two days prior to the assess-
ment, a reminder phone call and pre-assessment video check is per-
formed with the participant. Any issues with video conferencing 
software are addressed, including internet connectivity, audio and video 
quality. The participant is guided on how to use the items in the mailed 
box, including Fitbit application download and set-up, and a testing 
location is chosen in the home based on the space needs. On the day of 
testing, the assessor and the observer sign-in to Zoom. The participant 
joins the video conference by clicking the Zoom link and entering the 
unique passcode and prompted to provide consent to record the 
meeting. The assessment session is recorded and starts with a brief 
introduction and health questions to determine if any new health or 
safety concerns have arisen. Once the participant is cleared to continue, 
the assessor begins testing of the 30-s STS and BBS. For each testing item, 
a verbal instruction is provided followed by demonstration. The 
participant performs the test and the assessor times with a stopwatch 
and scores the performance accordingly. The Borg RPE rating is ob-
tained before and after the 30-s STS subtests. Throughout the assess-
ment, the assessor and participant make adjustments to the camera and 
equipment and visibility is optimized. When audio or video disconnec-
tion occurs during a test item, the participant is asked to repeat the item. 
If the problem persists, the item is skipped. Both the assessor and 
observer score the participant’s performance and the observer makes 
additional notes for each test item about concerns that might impact the 
quality of the tests. After the zoom session the assessor and observer 
debrief about any test items or areas in which scoring may have been 
impacted due to limited visualization, lack of equipment, or any other 
reasons. If there is a disagreement about any limitations that may impact 
scoring, the assessor and the observer may ask another research team 
member to review the recorded session to reach consensus. The day after 
the remote PFA session the participant receives a reminder phone call to 
wear study devices, record wear-time for Actigraph, to sync their Fitbit 
data daily, and to assist with any issues with device setup and use. A 
similar call is made seven days after the remote PFA with additional 
instructions to return the Actigraph device and diary. 

4. Challenges and considerations for future 

Transitioning from in-person to remote PFA testing required us to 
recognize challenges, barriers, and considerations (Table 4). Given the 
nature of remote testing, one of our biggest challenges was overcoming 
technical issues. The most frequently experienced problems were start-
ing and maintaining connectivity during video conferencing and loss of 
audiovisual features in the course of assessment. Although pre- 
assessments were helpful in preparing for the assessment, technical is-
sues still occurred on the day of assessment and had to be resolved in 
real-time (e.g. calling participant’s phone when audio failed, recon-
necting to video conference link, using a mobile hotspot or contacting 
the internet provider to resolve weak or unstable connectivity). If an 
issue was not resolved promptly, the assessment was rescheduled for a 
later date. 

Other challenges in preparing and conducting remote PFA were 
related to participant engagement, participant privacy and safety, and 
minimizing assessor subjectivity and bias. The PFA protocols and pro-
cedures were adapted to overcome such challenges by incorporating 
various strategies as described in Sections 2 and 3. Specifically for 
participant engagement, pre-assessment protocol was developed to 
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address any preparatory difficulties before the assessment, and follow- 
up calls were made after each visit to address outstanding questions 
and assist with device set-up and use. For effective and efficient 
communication with participants it is essential to have accurate and 
updated participant contact information. To ensure successful delivery 
and return of study materials, make sure that participants know the 
value of the items to be mailed and use mailing tracking. 

In addition, communication among all the members of the research 
team is critical. All members must feel comfortable discussing their 
concerns and possible solutions to issues that arise. Overall, it is 
important to establish, test and iterate PFA protocols. 

As in any study, data loss may still occur, such as inability to score 
the complete BBS when participants do not have the necessary equip-
ment (e.g., a chair without armrests) or monitoring devices fail to collect 
data (e.g., technical problems or failure to wear the devices). Addi-
tionally, lack of a remote surrogate measure for the CPET, precludes 
assessments of the impact of the intervention on change in maximal 
exercise capacity between baseline and three months. 

Nevertheless, assessing PFA remotely offers numerous benefits, such 
as convenience and reduction in patient burden, since the need to travel 
to the testing center is eliminated. Key observations related to study 
adherence are also noted during the implementation of PFA (Table 5). 
Transplant patients often reside hours from the program site, so con-
verting from in-person to remote PFA also allows more individuals to 
participate since distance from the study center is no longer an exclusion 
criterion. Lastly, remote PFA is more consistent with the telehealth 
philosophy and increases the generalizability of the study’s findings. 

5. Plans for triangulation and analysis 

The primary outcomes for the study did not change with the move to 
remote assessments. Therefore, the original data analysis plan for testing 
hypotheses of between-group differences in physical function and 
physical activity between baseline, 3 and 6 months is maintained. 
However, the shift to remote assessments raises issues for how to analyze 
outcomes when data are collected using different in-person, remote and 
surrogate measures. Below is a description of the two study outcomes 
that were affected by the change to remote assessment and how we plan 
to transform the disparate data sources for use in the analysis. 

Prior to COVID-19, the 6MWT was the only outcome measure for 
walking ability. Since moving to remote assessments, conducting the 30- 
s STS during a two-way video session is used as a ‘surrogate’ measure for 
6MWT. Scores for 6MWT and 30-s STS are treated as continuous vari-
ables and will be described using measures of central tendency, 
including the mode, median, and mean, and measures of distribution 
and spread, including range, quartiles, absolute deviation, variance and 
standard deviation in their original metric. However, to combine raw 
values from the continuous level 6MWT and 30-s STS tests, we will 
convert them to the standard scores, more commonly referred to as Z- 
scores [29], which enables comparison of scores that are from different 
distributions or measures. The result will be a range of standardized 
scores to compare differences in walking ability between the LTGO and 
enhanced usual care groups regardless of the original metric. 

Similarly, prior to COVID-19, the data recorded using an acceler-
ometer (Actigraph) for 7-days was the only physical activity outcome 
measure available to quantify the time spent in light and moderate/ 
vigorous activities as continuous scores. To overcome some of the 
challenges of relying on Actigraphs, the IPAQ-S [24] was added as a 
surrogate measure. The IPAQ-S data are reported as a continuous score 
of metabolic equivalent-minutes per week including median values and 
interquartile ranges for walking, moderate-intensity activities. As with 
the measures of walking ability, to summarize data from each measure 
of time spent in levels of physical activity in a meaningful way, 
descriptive statistics will be reported. Data from the Actigraph and the 
IPAQ-S will be converted to Z-scores to examine differences in time 
spent in certain activity levels per day or week between the two groups. 
Since some participants may have Actigraph and/or IPAQ-S data 
collected, we will also be able to compare reliability and validity be-
tween the objective and self-report measures. Furthermore, as suggested 
by other clinical trialists [7,30], when all pandemic restrictions are lifted 
and trials have the option to resume in-person activities, consideration 
will be given to how best to measure certain variables (such as self- 
reported measures of physical activity like the IPAQ-S, objective mea-
sures such as accelerometers, or in some cases, in combination) to 
measure outcomes reliably and possibly reduce burden on participants. 
To this end, we will conduct post-hoc analyses to determine whether any 
differences in hypothesized effects were explained by combining mea-
surement methods (in person or remote). 

Scheduling AssessmentPre-assessment Post-Assessment

• Assessment overview: Date & 
me of visit schedule, length 

of visit, expected p cipa
ac  (e.g. Physical 
func  assessment (PFA), 
phone survey)

• Video conferencing so ware 
instr ns: Zoom download, 
accessing mee ngs, space 
considera  Zoom link and 
password

• Send confirma on email
• Mail study materials: Study 

brochure, payment debit card, 
Fitbit, Ac raph, Ac raph
wear diary,  Borg Ra ng of 
Physical Ex  scale, and a 
ruler

• Reminder phone call: 1-2 
days before assessment

• Technology and 
environment check: 
Audio/Visual func  and 
quality check, space/ 
loca  walk-through

• Clothing: Instruct to wear 
comfortable clothes & shoes, 
preferably clothing of high-
contrast to surroundings (ex. 
white shoes for dark floor)

• Mailed box overview (once 
received): Set-up of Fitbit 
device on mobile device, 
reminder to follow device 
instruc  and comple
of Ac raph wear diary

• Video conference: 
Audio/Visual func  and 
quality check, provide general 
mee ng instruc  health 
and safety checks

• Con nuous environment 
assessment: Camera pos n, 
equipment set-up, ligh g, 
visibility, p cipant’s ability 
to understand instruc
safety concerns, etc. 

• PFA tes ng : Sit-to-stand  test, 
Berg Balance Scale

• Quality assurance review: 
Debriefing

• Phone survey: St. George 
Respiratory Ques naire, 
Interna  Physical Ac
Ques naire, etc. 

• Day-1 reminder call:
• Ac raph: wear for 7 

consecu ve days, 
record wear me

• Fitbit: wear device and 
sync data to app daily  

• Day-8 reminder call:
• Ac graph: return 

device and diary
• Fitbit: con nue to wear 

device and sync data 
daily

Fig. 1. Steps of the remote physical function assessment implementation process.  
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6. Conclusion 

In response to the ongoing COVID-19 pandemic, the research team 
swiftly transitioned from in-person to remote physical function assess-
ments, in compliance with national and local guidelines. During this 
process, we identified a wide range of challenges which required crea-
tive and flexible solutions, while ensuring participant safety, good 
practice standards, and clinical trial integrity. Although remote assess-
ments may not fully represent the experience of in-person assessments, it 
is an integral component of research, particularly during public health 
emergencies. Remote assessment strategies have the potential to make 
research more efficient and convenient for both participants and re-
searchers. Therefore, aforementioned considerations associated with the 
planning and implementation of remote assessment should be carefully 
evaluated in conducting research activities. 
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