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Simple Summary: To expand the reach of lifestyle interventions among cancer survivors, in-person
anthropometric and physical performance assessments were adapted to remote means and evaluated
for feasibility, safety, validity, and reliability. Cancer survivors and supportive partners (n = 112) were
approached to participate in three sessions (two remote and one in-person) of anthropometric and
physical performance testing and results were compared. There was 98% uptake and no adverse
events. ICCs for remote assessments ranged from moderate (8’ timed walk = 0.47), to strong (8’ get-
up-and-go = 0.74), to very strong (30 s chair stand = 0.80; sit-and-reach = 0.86; 2 min step test = 0.87;
back scratch = 0.90; weight = 0.93; and waist circumference = 0.98) (p-values < 0.001). One-hundred
percent concordance was found for side-by-side and semi-tandem balance and 87.5–90.3% for tandem
stances. No significant differences between remote and in-person assessments were found for weight,
8’ timed walk, and 8’ get-up-and-go. Remote anthropometric and physical performance assessments
are reliable, valid, acceptable, and safe among cancer survivors and supportive partners.

Abstract: (1) Background: Anthropometric and physical performance testing is commonly done
in lifestyle research and is traditionally performed in-person. To expand the scalability of lifestyle
interventions among cancer survivors, in-person assessments were adapted to remote means and
evaluated for feasibility, safety, validity, and reliability. (2) Methods: Cancer survivors and supportive
partners were approached to participate in three anthropometric and physical performance testing
sessions (two remote/one in-person). Correlations, concordance, and differences between testing
modes were evaluated. (3) Results: 110-of-112 individuals approached for testing participated (98%
uptake); the sample was 78% female, 64% non-Hispanic White, of mean age 58 years and body
mass index = 32.4 kg/m2. ICCs for remote assessments ranged from moderate (8’ walk = 0.47), to
strong (8’ get-up-and-go = 0.74), to very strong (30 s chair stand = 0.80; sit-and-reach = 0.86; 2 min
step test = 0.87; back scratch = 0.90; weight = 0.93; waist circumference = 0.98) (p-values < 0.001).
Perfect concordance (100%) was found for side-by-side and semi-tandem balance, and 87.5–90.3%
for tandem balance. No significant differences between remote and in-person assessments were
found for weight, 8’ walk, and 8’ get-up-and-go. No adverse events occurred and 75% indicated no
preference or preferred virtual testing to in-person. (4) Conclusions: Remote anthropometric and
physical performance assessments are reliable, valid, acceptable, and safe among cancer survivors
and supportive partners.

Keywords: cancer survivors; lifestyle; anthropometry; physical performance; remote assessment;
virtual assessment; obesity
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1. Introduction

Cancer survivors are at increased risk for second malignancies, heart disease, and
functional decline—conditions for which a healthy diet, regular physical activity, and the
avoidance of obesity have been proposed [1]. Hence, several lifestyle interventions have
been evaluated in this vulnerable population over the past few decades [2,3]. Given that
there are valid and reliable means to objectively assess physical performance, as well as
body weight status, these outcomes are commonly included in lifestyle research focused on
cancer survivors.

Anthropometric measurements and physical performance tests are key measures that
objectively assess the risk of physical decline associated with unhealthy weight gain and the
loss of strength, flexibility, and balance. Most often used in geriatric or rehabilitative care
and traditionally administered face-to-face by trained staff, the Senior Fitness Test (SFT)
battery has demonstrated validity and reliability in assessing overall functional fitness, as
well as function in key domains, e.g., cardiorespiratory endurance, muscular endurance
and strength, flexibility, balance, and motor coordination [4,5]. To date, however, the
reliability and validity of administering the SFT in a remote, “virtual” setting remains
relatively untested or partially tested (i.e., chair stand, get-up-and-go, 8’ walk) [6–8].

The clinical trials research community was profoundly challenged by the unexpected
disruption brought about by the COVID-19 pandemic [9,10]. For many, clinical trials had
to be delayed or terminated in deference to the need for participant safety—particularly
in trials that enroll cancer survivors and others with immuno-compromised conditions
who are disproportionately at higher risk of COVID-19 related complications [11–14].
Innovative, reliable, valid, and safe assessment methods became critically important for
clinical trials to continue [15,16].

Remote video conferencing has long been used to deliver and assess educational pro-
grams, and its use for medical consultation began to emerge roughly a decade ago [17–20].
Therefore, when faced with the challenges of limiting COVID-19 exposure risk for partic-
ipants and staff, clinical enterprises adapted rapidly to remote means, with anticipation
that virtual care may be “here-to-stay”, given its convenience. Remote observation and
assessment also hold great potential within the context of clinical trials for evaluating
outcomes efficiently, reliably, and safely [21,22]. Moreover, remote assessments can greatly
increase the reach of clinical trials and overcome two of the major barriers to participation:
time and travel [23,24]. However, adaptation is still in its infancy.

The purpose of this sub-study was to: (1) assess the feasibility of remotely delivered
“virtual” assessments, and (2) ascertain test/retest reliability and validity of remotely ad-
ministered virtual anthropometric (weight, waist circumference) and physical performance
tests (balance, back scratch, sit-and-reach, 30-s chair stand, 8’ timed walk and get-up and
go, and 2 min step test) when compared to face-to-face, in-person testing. The hypothesis
was that remotely delivered virtual assessments are feasible (i.e., uptake and completion
rates of >80%, and safe as demonstrated by a lack of serious adverse events), reliable (i.e.,
demonstrating at least moderate levels of association and concordance between testing
and retesting), and valid (i.e., demonstrating at least moderate levels of association and
concordance between remote and in-person testing).

2. Materials and Methods
2.1. Study Design

This study sought to determine the feasibility, test/retest reliability and validity of
remote methods for assessing anthropometric measures and physical performance testing
in comparison to in-person testing. To do this, an ancillary study was conducted among
participants enrolled in the Daughters, Dudes, Mothers, and Others (DUET) trial. DUET
is a 6 month, single-blinded, 2 arm, randomized controlled trial (RCT) that evaluates
a web-based lifestyle intervention against a wait-list control among 56 dyads (n = 112).
Each dyad is comprised of a survivor of an obesity-related, early-stage cancer and their
supportive partner, both of whom have obesity or are overweight, are insufficiently active,
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and consume suboptimal diets. The DUET RCT was conducted according to the guidelines
of the Declaration of Helsinki and approved by the Institutional Review Board of The
University of Alabama at Birmingham (UAB) (protocol code 300003882/Approval date: 28
October 2019) and is registered with ClinicalTrials.gov (NCT04132219). The DUET study
design, methods and participants are described more fully by Pekmezi, et al. [25].

The baseline assessment of each anthropometric and physical performance measure
was expanded to three consecutive assessments. These assessments were scheduled con-
currently with both dyad members at approximately the same time of day and within a
week (on average within the span of 3 consecutive days). First, two virtual assessment
visits were observed remotely by trained assessors utilizing Zoom® video conferencing,
then, a third face-to-face, in-person home visit was scheduled. To keep the environment
constant for this assessment, the home of one of the dyad members was used as the setting
for all three assessments.

2.2. Participants

All 56 dyads (n = 112) enrolled in the DUET RCT were approached to participate in this
ancillary study. The DUET RCT enrolled survivors of early stage endometrial, colorectal,
breast, prostate, kidney, or ovarian cancer or multiple myeloma across Alabama, Missis-
sippi, Tennessee, and North Carolina. Moreover, since this was a dyad-based intervention,
participants needed a partner (with or without a cancer diagnosis) who was willing to
participate in the trial and resided within 15 min driving distance from the survivor’s home.
Eligibility criteria for dyads (survivor and partner) included reporting <2.5 cups per day
of fruits and vegetables, <150 min a week of moderate-to-vigorous physical activity, no
major physical limitations, and a Body Mass Index (BMI) >25 kg/m2. For this sub-study,
dyads were also required to have access to internet-connected devices with a webcam and
microphone, a scale to measure weight, a standard height (18 inch) non-upholstered chair,
and a 12’ space to perform the physical performance tests.

2.3. Training

To ensure quality and consistency of data collection, three assessors completed 5 h
supervised training sessions on collecting anthropometric and physical performance mea-
surements utilizing Zoom®. A certification process followed, requiring that assessors
conduct three simulated recorded assessments via Zoom® on volunteers. The recordings
were reviewed, graded (passing grade => 80%), and certified by two doctoral-level research
scientists with expertise in diet and exercise trials. Assessors were evaluated on rapport
with participants, use of health literate appropriate instructions, consistency of directions
provided, and accuracy of measures documented.

2.4. Procedures

Two weeks prior to the first virtual assessment, the dyad received an email confirma-
tion of the scheduled assessment and links to training videos on standardized anthropomet-
ric and physical performance assessments (https://youtu.be/G8p6g_VDzhw, accessed on
22 January 2022). Additionally, dyads were sent a package of remote assessment materials
(8’ length of cord, two stickers, vinyl tape measure, two 4-1“x55” ribbons, felt tip marker,
and a pre-paid return envelope) via US priority mail and a step-by-step instruction booklet
of procedures. Two days prior to the first scheduled assessment, dyad members received
a reminder call to review procedures to participate in the Zoom®-based assessment. For
this assessment, dyad members who were not living in the same household but needed to
be present for the assessments were reminded of the Center for Disease Control’s (CDC)
COVID-19 precautions and UAB’s requirements for masking and social distancing [26].

On the scheduled dates for virtual assessments, assessors placed a password-protected
Zoom® call to the dyad, reviewed the instructions for the assessment measures with the pair
and answered questions. To control for internet speed variance between sight and sound,
virtual assessments were recorded (with participants’ permission), so that study staff could

https://youtu.be/G8p6g_VDzhw
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review the sessions later and assess time-based measures. The script followed by assessors
during virtual assessments can be found in Supplemental Materials (Supplementary S5)
and procedures followed before, during and after assessments are illustrated in Figure 1.
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Figure 1. Overview of remote and in-person assessment procedures: illustrates steps taken before,
during and after remote and in-person assessments.

As noted previously, all Zoom® sessions were recorded for review to increase accuracy
of timed performance testing. Once assessors reviewed the videos, timed the tests, logged
the data, and completed quality assurance tests, the recordings were deleted. Occurring in
tandem, virtual assessments were scheduled during times when both dyad members could
participate. This allowed one dyad member to assist, serve as a safety monitor, and hold
the camera accurately while the other performed the tests while being instructed, observed,
and recorded by the assessor via Zoom®. The data collected from all assessments were
stored in REDCap (ver. 10.9.1) databases and were not accessed prior to assessments.

2.5. Anthropometric Measures

Standardized measures of weight and waist circumference [27] were collected and
modified to allow for remote collection (Table 1). As noted in Table 1, scales were “zeroed
out” prior to the participant stepping on them for the remote assessments. In addition, the
same scale was used for in-person visits to assure consistency in weight measures across all
assessments.
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Table 1. Anthropometric measures and post-COVID-19 modifications.

Pre-COVID-19 Measure COVID-19 Modification

Weight assessed in light clothing, without shoes,
on a calibrated scale set on a hard surface observed
in-person by assessor. Weight is measured twice,
averaged, and recorded.

Modification for virtual assessments 1 and 2: participant’s scale is used;
camera is positioned so assessor can see scale face. Participant is asked to
“zero out” the scale prior to stepping on it.
Modification for in-person assessment: assessor weighs the participants on
the same scale as used in V1, V2.

Waist circumference assessed by assessor using a
non-stretch tape measure, at level of umbilicus and
upon exhale.

Modification for virtual assessments 1 and 2: Camera is place on floor
angled up to capture midsection of participant and partner or placed on
table/chair facing both so mid-section is in frame. Assessor instructs
partner to place the taped end of the ribbon on the umbilicus; holding
taped end in place, partner wraps the ribbon snugly around the waist (shirt
lifted) placing ribbon parallel to the ground. Participant is asked to rotate
in front of the camera to assure the ribbon is flat against the skin and
parallel to the ground. Once proper technique is confirmed by the assessor,
participant is asked to inhale, and, upon exhale, partner marks the point
where the ribbon overlaps. The test is repeated and both ribbons are
mailed back to assessor to be measured.

2.6. Physical Performance Measures

The Senior Fitness Test (SFT) battery objectively assesses physical performance in
several domains, is sensitive to change, devoid of ceiling effects, and has normative
scores [4,5,28,29]. Testing, typically done in-person, can include the following assess-
ments: grip strength, arm curls, balance testing, sit-and-reach (flexibility), back scratch
(flexibility), 30 s chair stand (lower body strength), 8’ get-up-and-go timed test (agility,
dynamic balance), 8’ timed walk test (gait speed), and 2 min step test (endurance). For the
DUET RCT, these tests were modified to allow for remote, “virtual” assessment (Table 2).
Unfortunately, some elements of the SFT battery could not be readily adapted for remote
assessment given budgetary constraints. For example, postage required to mail 5 and 8 lb.
weights for the arm curl test were prohibitively expensive and, therefore, were omitted
from remote assessments. Likewise, dynamometers to assess grip strength also exceeded
the budget.

Along with SFT physical performance measures, balance was measured using the
CDC advocated protocol [30] for side-by-side, semi-tandem, and tandem stances during
which the camera was held by the partner, placed on the floor angled up, or placed on a
table or chair across from the participant so that the full body, feet-to-shoulders, could be
viewed. The test was conducted near a wall so that participants could steady themselves as
needed. In addition, participants were instructed to keep one hand on the wall until the
test began so the assessor could remotely observe when the timed test started.

Upon completion of the DUET study, we conducted an online debriefing survey
among cancer survivors and their supportive partners. Of the 16 items, the survey posed
five questions regarding the ease of viewing and the helpfulness of remote assessment
instructional videos, the ease of connecting to Zoom® and ease of completing the remote
assessment. Five-point Likert scales were used with the following anchors: very easy (very
helpful); easy (helpful); neutral; not easy (not helpful); not easy at all (not helpful at all),
and the overall preference for in-person or remote assessments (anchors: no preference;
in-person; virtual).
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Table 2. Physical performance measures [28,29] and post-COVID-19 modifications: virtual assess-
ments 1 and 2 conducted remotely via Zoom® video conference; 3rd assessment conducted in-person.

Original Measure (All of Which Have
Proven Reliability and Validity) Adaptations of the Reference Test to Permit Virtual Assessments

Sit-and-reach: a test of flexibility [28].
The camera is placed on floor at a 90-degree angle with direct view of seated participant
with bent and extended legs in frame; assessor guides participant and partner in
measuring distance and participant through procedure.

30 s chair stand: a test of lower body
strength [28].

The camera is placed on floor angled to see participant in both seated and standing
positions or held by partner; assessor instructs participant to place the chair against a
wall to prevent it from moving during test and guides the participant and partner
through test procedure.

Back scratch: a test of lower body
strength [28].

The camera is placed on table or counter, angled to see participant’s back and observe
the partner’s measurements, as well as which side is being measured, using standard
vinyl tape measure included in study supplies package. Assessor guides participant and
partner on test protocol.

8’ Get-up-and-go (TUG): a test of lower
body strength [29]

The camera is placed on floor to observe partner measure 8’ distance using 8’ cord
included in study materials (along with color stickers and orange cones to serve as
“markers”). Camera is positioned on floor or held by partner so that seated participant
and orange cone marking 8’ end point are in frame. Assessor gives signal to “go” after
ensuring participant is correct starting position. Timed score is recorded after viewing
time stamp on video recording.

Timed 8’ Walk: a test to assess gait [28].

Assessor instructs partner to move cone out horizontally from previous test and place
the other cone adjacent for mark “finish line’ with space wide enough for passage. The
camera is placed on floor at a distance that captures the chair and the orange cones that
signify the “finish line”. Time is stopped as soon as participant breaks the plane of the
“finish line”. Timed score is recorded after viewing time stamp on video recording.

2 min step test: a test to assess
endurance [28].

The camera is placed on floor angled towards wall to ensure proper measurement and
sticker placement, i.e., a sticker is placed on the wall that corresponds to the measured
midpoint between the trochanter and patella, and then the distance between that
midpoint to the floor below (see script). The camera is then angled so that a full view of
participant (head-to-toe) is in frame. Assessor instructs participant not to talk during
test, to draw-up knee to the height of the sticker with each step, and to rest as needed.
Partner is instructed to spot as needed, Score on completed steps is recorded.

2.7. Data Analysis

The reliability and validity of the continuous anthropometric and physical perfor-
mance measurements and scores were assessed using the Bland-Altman approach [31,32].
Reliability was evaluated between the two virtual assessments using intra-class correlation
coefficient (ICC) analysis. This procedure also was employed to characterize associations
between the virtual assessments and the standard in-person assessment to evaluate validity;
specifically, the averaged mean of the two virtual assessments was compared to the value
of the in-person assessment. Paired t-tests also were performed to test the mean differ-
ences between these assessments. Agreement (precision) of the individual measurements or
scores was also assessed using the Bland-Altman 95% limits of agreement. The concordance
of categorical balance scores was examined using McNemar’s test [33], first for Virtual
Assessments 1 and 2, then for Virtual Assessment 1 to the in-person assessment and finally
for Virtual Assessment 2 to the in-person assessment. Inter-rater reliability could not be
examined, since one of the assessors performed most of the evaluations. Statistical tests
were two-sided. Statistical significance was set at p < 0.05, with no adjustment for multiple
testing. Reliability and validity analyses were performed first for the entire sample, then
for cancer survivors, and, finally, for their partners. Analyses were performed using SAS,
version 9.4 (SAS Institute, Inc.; Cary, NC, USA). In addition, data captured from the on-line
debriefing survey were analyzed using descriptive statistics (frequencies and percentages).
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2.8. Sample Size Considerations

The primary power calculation for the DUET RCT appears elsewhere [25]. While
there are no generally agreed upon criteria for the required sample size for reliability and
validity studies, a sample size of at least 50 participants has been suggested so that the
Bland-Altman 95% limits of agreement can be precisely estimated [34,35].

3. Results
3.1. Demographics and Characteristics

Of the 112 participants (56 dyads) enrolled in the DUET trial who were approached
to participate in this ancillary study to assess the reliability and validity of the virtual
assessments as compared to in-person testing, all but two (one dyad) participated (n = 110)
in at least one remote assessment. The overall sample of both cancer survivors and their
partners was primarily urban dwelling (92%), female (78%), non-Hispanic White (NHW)
(64%) individuals who had a mean age of 58 years and a BMI of 32.4 kg/m2. Moreover,
roughly half were college graduates (53%) and were currently employed (55%), and of
those who reported income, 72% indicated annual incomes of $50,000 or more.

Similar to the overall sample, survivors were found to be mostly urban dwelling
(93%), female (87%), and NHW (64%), with an average age of 60 years, an average BMI of
31.8 kg/m2 and most often diagnosed with primary breast cancer (81%). Partners often
cohabitated with the survivor (41%), and for those who did not, the overall average distance
between dyad members was 7.1 miles. Partners were also primarily urban dwelling (91%),
female (69%), and NHW (63%), with an average age of 56.5 years, and an average BMI
of 33.0 kg/m2. Partners’ educational, employment, and income status were similar to
survivors, as well as the overall sample. Of note, 13% (n = 7) of partners also reported a
prior cancer diagnosis.

3.2. Validity and Reliability Results—Overall Sample

Of the 110 participants in this sample, 74 completed both remote assessments, as well
as the in-person assessment; these data (less missing measurements) were used for the
comparative analyses. Table 3 provides ICCs (along with 95% confidence intervals (CI))
with asterisks indicating the level of significance as indicators of strength of agreement
between the two virtual assessments for the overall (all participants) sample. Of note, all
ICCs were highly significant (p < 0.001), with correlations ranging from moderate (8’ walk,
0.47), to strong (8’ get-up-and-go, 0.74), to very strong (30 s chair stand, 0.80; sit-and-reach,
0.86; 2 min step test, 0.87; back scratch, 0.90; weight, 0.93; and waist circumference, 0.98).

Table 4 provides data supporting validity by showing ICCs (along with 95% CI’s) for
comparisons between the means of the two virtual assessments and in-person assessment.
Like the ICCs for reliability, these ICCs ranged from moderately strong (8’ walk, 0.65) to
very strong (8’ get-up-and-go, 0.80; 2 min step test, 0.84; 30 s chair stand, 0.86; sit-and-reach,
0.89; back scratch, 0.95; waist circumference, 0.96; and weight, 0.98).

In addition, Table 4 shows the results of outcomes related to mean differences and
p-values related to potential differences. Here, significant differences are not the desired
outcome, and, indeed, we were unable to find significant differences for weight between
the two virtual assessments, nor between the virtual assessments and the in-person assess-
ment. Also, there was no significant difference between the two virtual assessments for
waist circumference; however, a significant difference was detected between the virtual
assessments and the in-person assessment. There were no significant differences found
between the two virtual assessments nor between the virtual assessments and the in-person
assessment for the 8’ walk. Additionally, there was no significant difference for the back
scratch test between the two virtual assessments; however, a significant difference was
detected between the virtual assessments and the in-person assessment. Conversely, for
the 8’ get-up-and-go test, there was no significant differences found between the virtual
assessments and the in-person assessment, but there was a significant difference found
between the two virtual assessments. Significant differences between the two virtual as-
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sessments, as well as the virtual and in-person assessments, were found for the 30 s chair,
the sit-and-reach, and the 2 min step test.

Table 3. Comparison of anthropometric and physical performance data obtained between two
sequential virtual assessments (V1, V2) (reliability) for all DUET participants.

Measure Virtual 1 (V1)
Mean (SD)

Virtual 2 (V2)
Mean (SD)

ICC (95% CI)
(V1 vs. V2) *

Mean
Difference

(V1–V2)

Limits of
Agreement

(V1–V2)
p-Value

Weight (kg)
[n = 71] 86.2 (21.0) 87.4 (18.8) 0.93

(0.89, 0.96) −1.2 (7.5) −15.9, 13.5 0.18

Waist Circumference (cm)
[n = 73] 107.9 (14.9) 107.4 (15.1) 0.98

(0.97, 0.99) 0.5 (2.8) −4.9, 6.0 0.11

30 s Chair stand (reps)
[n = 74] 10.7 (3.0) 12.0 (3.5) 0.80

(0.69, 0.87) −1.3 (2.1) −5.4, 2.9 <0.001

8’ Get Up/Go (sec to 10th)
[n = 74] 7.8 (2.1) 7.4 (1.6) 0.74

(0.62, 0.83) 0.5 (1.4) −2.3, 3.2 0.006

8’ Walk (sec to 10th)
[n = 74] 2.2 (0.5) 2.2 (0.4) 0.47

(0.27, 0.63) 0.0 (0.5) −0.9, 1.0 0.64

Sit & Reach (cm)
[n = 73] −0.7 (3.5) −0.3 (3.2) 0.86

(0.78, 0.91) −0.4 (1.8) −4.0, 3.1 0.047

Back scratch (cm)
[n = 72] −3.5 (3.4) −3.4 (3.4) 0.90

(0.84, 0.93) −0.0 (1.5) −3.0, 3.0 0.96

2-min step test (# steps)
[n = 74] 77.3 (23.3) 82.4 (22.8) 0.87

(0.80, 0.92) −5.1 (11.8) −28.1, 18.0 <0.001

* ICC = intra-class correlation coefficient, CI = confidence interval.

Table 4. Comparison of anthropometric and physical performance data obtained between the average
of virtual assessments and in-person measures (validity) for all DUET participants.

Measure (V1 + V2)/2
Mean (SD)

In-Person
Mean (SD)

ICC and 95% CI
(Average Virtual
vs. In-Person) *

Mean Difference
(Average Virtual

vs. In-Person)

Limits of
Agreement

(Average Virtual
vs. In-Person)

p-Value

Weight (kg)
[n = 71] 86.8 (19.5) 87.2 (18.6) 0.98

(0.97, 0.99) −0.4 (3.9) −8.0, 7.3 0.43

Waist Circumference (cm)
[n = 73] 107.7 (14.9) 103.6 (15.5) 0.96

(0.93, 0.97) 4.1 (4.6) −4.9, 13.0 <0.001

30 s Chair stand (reps)
[n = 74] 11.3 (3.1) 12.1 (3.3) 0.86

(0.79, 0.92) −0.7 (1.7) −4.0, 2.5 <0.001

8’ Get Up/Go (sec to 10th)
[n = 74] 7.6 (1.7) 7.5 (1.4) 0.80

(0.70, 0.87) 0.1 (1.0) −1.9, 2.1 0.32

8’ Walk (sec to 10th)
[n = 74] 2.2 (0.4) 2.2(0.4) 0.65

(0.49, 0.76) 0.0 (0.3) −0.6, 0.7 0.35

Sit & Reach (cm)
[n = 73] −0.5 (3.2) −0.0 (3.2) 0.89

(0.82, 0.93) −0.5 (1.5) −3.5, 2.5 0.009

Back scratch (cm)
[n = 72] −3.5 (3.3) −3.1 (3.2) 0.95

(0.92, 0.97) −0.4 (1.0) −2.4, 1.6 0.003

2-min step test (# steps)
[n = 74] 79.8 (22.3) 85.3 (25.9) 0.84

(0.76, 0.90) −5.5 (13.9) −32.8, 21.9 0.001

* CI = confidence interval.

Finally, Figure 2 illustrates the results of the Bland-Altman testing and limits of
agreement. The plots depict excellent agreement between virtual and in-person assessments
with only a small proportion of observations falling outside of the limits of agreement for
body weight (2.8%), agility (8.1%), strength (5.4%), and flexibility (5.5%).
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Figure 2. Bland Altman plots depicting agreement between virtual and in-person assessments:
illustrates (a) body weight assessments with 2.1% falling outside limits of agreement; (b) agility
(Get-up-and-go) with 8.1% falling outside limits of agreement; (c) strength (30-s chair stand) with
5.4% falling outside limits of agreement and (d) flexibility (Sit-and-reach) with 5.5% falling outside
limits of agreement.

3.3. Validity and Reliability Results—Survivors and Partners

Analyzed separately for survivors and partners, data for the anthropometric measures
were corroborated and these tables are included as Supplemental Materials (Tables S1–S4).
Similarly, in separate groups, data for the 8’ walk parallel the overall sample between the
two virtual assessments and between the virtual assessments and the in-person, with no
significant difference noted in either group. Between groups, there were fewer differences
noted overall. Comparing the two virtual assessments, the only significant differences
noted were for the 30 s chair stand and the 2 min step test.

Between the two virtual assessments, as well as for the virtual assessment compared to
the in-person, the 30 s chair stand remained significantly different for each subgroup. While
there was no significant difference found in the back scratch for the virtual assessment
comparison, a significant difference existed for the survivor group when comparing the
virtual assessments to the in-person assessment.

3.4. Validity and Reliability Results—Balance

With balance testing, no significant differences were found between the two virtual
assessments, nor for the virtual and in-person assessments for any of the stances, i.e.,
side-by-side, semi-tandem or tandem. Additionally, categorical scoring (i.e., ability to hold
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the 10 s stance vs. not) was 100% concordant between the two virtual assessments, as well
as across the virtual assessments and the in-person assessment for both the side-by-side
and semi-tandem tests. For tandem testing in all participants, scores were 86.1% concordant
between the two virtual assessments, and ranged from 87.5 to 90.3% concordance between
each virtual test and the in-person assessment. In the survivor group, concordance between
the two virtual assessment scores was 86.1%, whereas concordance ranged from 88.9% to
91.7% between each virtual test and the in-person assessment, whereas for partners, these
values for concordance were 86.2% and 83.4–91.7%, respectively.

3.5. Feasibility Benchmarks

In conducting this study, we found that all participants had the resources needed
to participate in the remote assessments, including access to the Internet, smart phones
or laptop computers with cameras, and the ability to use the Zoom™ app, and that up-
take was exceedingly high, i.e., 98% (n = 110). In fact, only one cancer survivor–partner
dyad did not participate in this sub-study, and was unable to due to scheduling conflicts.
Furthermore, of the 220 possible virtual assessments, 204 (92.7%) were completed (with
incomplete assessments largely due to poor internet connectivity). Finally, the average time
for completing a virtual assessment was 25 min when compared to a mean of 35 min for
the in-person assessment (not inclusive of travel time).

Debriefing survey results indicated that 77% of respondents reported that instructional
videos for remote assessments were “easy to very easy” to view and 85% conveyed that
they were “helpful to very helpful”. Moreover, Zoom® assessments were viewed as
“easy to very easy” by 91% of respondents and 83% indicated that completing the remote
assessment was “easy to very easy”. Sixty percent of respondents voiced “no preference” for
assessment mode, whereas 24% preferred in-person and 16% preferred virtual assessments.
Importantly, there were no adverse events reported during these assessments.

4. Discussion

This is the first study to perform both anthropometric and physical performance testing
using remote means in cancer survivors. As such, it represents a significant development
for both observational and interventional studies that assess lifestyle factors, as well as
associated health outcomes in this important patient population. Indeed, as lifestyle
interventions among cancer survivors have developed over the years, there has been an
ever-increasing trend to pursue home-based interventions [36,37], especially since time and
travel are noted barriers to participation [23,24]. Tailored print and telephone-delivered
interventions were employed and paved the way to web-based interventions that are
scalable and able to reach cancer survivors living in close proximity to the clinic and those
living more remotely; however, the means to assess these interventions have not kept step.

Blair et al. [8] were the first to report the evaluation of remote means of physical
performance testing in a carefully phased approach and exclusively among older cancer
survivors using the 30 s chair and the 8’ get-up-and-go. Phase I of their proof of concept
was performed among 10 cancer survivors of mean age 70.5 years and showed promise;
however, the phased investigation was halted due to the COVID-19 pandemic. While the
pandemic negatively affected the progress of Blair et al., it provided impetus for others. In
a published abstract, Winters-Stone et al. [7] reported preliminary findings from a study
that focused on inter- and intra-rater reliability and validity of a limited set of physical
performance tests that were adapted for remote assessment, as compared to in-person tests
among older cancer survivors. Pearson-product moment correlations suggested excellent
intra-rater reliability for the timed chair stand (0.88), the 4 m walk (0.90), and the 8’ get-up-
and-go (0.96), whereas inter-rater reliability for these tests was lower, i.e., 0.14, 0.40, and
0.99, respectively. Correlation coefficients between virtual and in-person tests were 0.81
for the timed chair stand and 0.78 for the 4 m walk [7]. Given these strong correlations
which support reliability for remote testing (especially if performed by the same personnel),
Winters-Stone and colleagues have gone forward and used remote assessments in home-
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based strength training interventions among both breast and prostate cancer survivors,
crediting these developments to ultimately improving retention [38]. While the physical
performance tests that were studied by Winters-Stone are slightly different from the tests
evaluated in the current study (i.e., the 4 m walk versus the 8’ walk, and the timed chair
stand vs. the 30 s chair stand), there is relative agreement on the statistics related to
reliability. Moreover, there are similarities in the strong correlations found between virtual
and in-person chair stand and walk tests in the study performed by Winters-Stone et al.
and the ICCs emanating from the current study—both of which support validity. However,
in applying a Bland-Altman analysis (an additional step performed in the current study),
significant differences were found between virtual and in-person chair stands. While this
threat to validity may be explained by the omission of statistical analysis in the work of
Winters-Stone et al., it is more likely that, even if such testing were performed, the former
study had a longer lag time between assessments (2 weeks vs. 3.3 days) and included one
fewer assessment. Indeed, the significant differences revealed by Bland-Altman analyses
between virtual and in-person testing in the current study for the 30 s stand, 2 min step
test, and flexibility testing could largely be explained by practice effects resulting from the
rapid test–retest nature of the protocol, which was focused largely on the primary outcome
of DUET, i.e., weight [39].

In the current study, exceptionally strong ICCs ranging from 0.93 to 0.98 were found
between virtually assessed body weights and between remote vs. in-person measures.
Moreover, no significant differences existed across measures suggesting that the methods
that we employed were both valid and reliable. Given a substantial literature on the
inaccuracy and underreporting of self-reported weight [40–43], the procedure outlined in
this study, could be helpful if utilized in other studies—especially those in which budget
constraints preclude the use of Bluetooth or Wi-Fi enabled scales. Waist circumference,
another measure for which there is substantial evidence for under-reporting [44], also
could benefit from measurement under the watchful eye of videoconferencing. A recent
study conducted on a sample of 15 adult–adult dyads and 10 parent–child dyads found
no clinically meaningful differences between waist circumference measures collected via
virtual assessment when compared to in-person assessment [45]. These findings, along
with ours, are highly suggestive that observation of waist circumference measurements
via camera may be a way to reduce systemic self-reported bias and achieve reliable results
that are highly correlated with assessor-based measures. Exciting new developments
in assessing body size with three-dimensional software allowing measurements being
uploaded to a smartphone are also on the research horizon [46].

Additionally, the current study fills gaps in the research literature by providing more
extensive physical performance tests that not only measure agility and lower body strength,
but which also measure balance, flexibility (back scratch and sit-and-reach), and fitness
or endurance (2 min step test). In these areas there is a dearth of studies among cancer
survivors, and only one reported study of remotely assessed 2 min step tests in a non-
cancer population (n = 55 older veterans), with ICCs of 0.98 in the same remote assessments
evaluated by two assessors [6]. In contrast, the strong ICCs found in the current study
between the two virtual assessments (i.e., 0.87) and the virtual and in-person assessments
(0.84) in the current study are perhaps a stronger test of reliability, since measures were
conducted on different days. These results also offer information on validity, since test
results were compared to in-person assessments.

In terms of feasibility, there was exceptionally high uptake and completion of this
sub-study. In general, participants were willing and able to complete the assessments
virtually, with <8% of assessments needing to be rescheduled due to internet connectively
problems. In comparison, the study by Ogawa et al. [6] among older veterans found that
technical difficulties interfered with 5% of the virtual physical performance assessments
(3 out of 60). Home environment challenges (e.g., poor lighting, poor camera angle) were
cited during those virtual assessments [6] but not in the current study, perhaps due to
the provision of related instructional videos and written materials, for which the majority
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of participants rated as helpful and easy to access. Moreover, 83% of participants in the
current study reported that the remote assessments were easy to complete. Further, while
the vast majority (60%) of participants claimed no preference in the mode of assessment,
those claiming a preference for in-person versus remote were roughly comparable: 24 vs.
16%. Finally, our most important feasibility finding was that no adverse events or injuries
were reported during the test period. We attribute this safety to having a partner present
for spotting and the conduct of testing by walls that could be used to provide support, as
well as assessors who were attuned to participant status, such as ensuring that tests were
performed in proper shoes on non-slip flooring, and testing area was cleared of obstacles
(including pets).

Study Limitations

While the abbreviated assessment timeline for the current study likely improved
findings on reliability and validity for some measures (such as weight), it may also have
interjected bias for others. Practice effect, or the systematic improvement in performance
that occurs with repeated testing, has been found in past studies with the four-square
step test, timed up and go, and 10 m walk test [47]. Future evaluations may consider
randomizing or counterbalancing the order of remote and in-person assessments to alleviate
this potential source of bias. As for other limitations, inter-/intra-rater variance could not
be examined because most of the assessments were done by one assessor due to staffing
shortages. Additionally, our study sample, while representative of the general population
in terms of race and ethnicity, included a higher proportion of white females (and among
cancer survivors, most had a previous diagnosis of breast cancer). Perhaps even more
importantly, proportionately, the sample had higher incomes and was more highly educated.
Thus, it is unknown how findings can be generalized to racial/ethnic minorities, males,
those of lower socio-economic status and survivors of other cancers.

It also should be noted that our study did not attempt measures of arm and grip
strength because of economic constraints; thus, this is an area in which future studies could
contribute by devising creative strategies to meet this need. For example, Ogawa et al. [6]
used filled milk jugs to remotely conduct arm curl tests among older veterans—a method
that could be employed among cancer survivors. Moreover, less expensive dynamometers
are now being marketed and should be evaluated for research use.

Finally, while this sub-study explored measures that potentially could translate to an
oncology clinical practice (e.g., measures of weight and waist circumference), the findings
may have more relevance to the research setting. Therefore, additional adaptations and
research therefore may be necessary for translation.

5. Conclusions

The development of remote assessment approaches for use in lifestyle research among
cancer survivors is important, not only as a means to continue research efforts during the
pandemic, but also as a means to improve the overall accrual and intervention scalability.
Allowing individuals to participate in clinical trials from the comfort of their own homes
reduces the time and travel concerns that serve as substantial barriers to recruitment,
particularly for medically underserved populations that suffer disproportionate burden,
and represent the very populations that clinical trials aim to serve. This research identified
new methods for remotely assessing anthropometric and physical performance measures
that are acceptable, safe, and reliable. Further research is needed to either corroborate or
refute these results, as well as to develop feasible, reliable, and valid remote protocols for
measuring other physical performance domains, such as upper arm and grip strength.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers14041075/s1, Table S1: Comparison of virtual and in-
person assessments for DUET cancer survivors; Table S2: Comparison of virtual and in-person
assessments for partners; 3. Script for virtual assessments; Table S3: Comparison of anthropometric
and physical performance data obtained between two sequential virtual assessments (reliability) for
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DUET partners; Table S4: Comparison of the average of virtual assessments with in-person measures
(validity) for DUET partners. Supplementary S5: Virtual Visit Script.

Author Contributions: T.W.H.: conceptualization, investigation, methodology, visualization, writing—
original draft, reviewing and editing. W.W.C.: methodology, data curation, project administration,
supervision, writing—original draft, reviewing and editing. R.A.O.: conceptualization, formal analy-
sis, funding acquisition, writing—original draft, reviewing and editing. D.W.P.: conceptualization,
funding acquisition, investigation, methodology, project administration, supervision, visualization,
writing—original draft, reviewing and editing; A.P. writing—original draft, reviewing and editing;
W.D.-W.: conceptualization, funding acquisition, investigation, methodology, project administration,
resources, supervision, visualization, writing—original draft, reviewing and editing. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by the American Institute for Cancer Research (585363), the
American Cancer Society (CRP-19-175-06-COUN), and the National Cancer Institute (P30 CA013148,
P30 CA023074, P01 CA229997).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of The University of
Alabama at Birmingham (protocol code 300003882/Approval date: 10-28-2019) and is registered with
ClinicalTrials.gov (NCT04132219).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available in this article and
supplementary material.

Acknowledgments: Authors thank all the cancer survivors and their partners who have enrolled in
DUET and the UAB Bioinformatics and Biostatistics core. Moreover, we acknowledge the tremendous
contributions and dedication of our staff and students: J. Ryan Buckman, Jackie Causey, Doctorre
McDade, Kelsey Parrish, Christopher Reid, Fariha Tariq and the UAB Recruitment and Retention core.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study, in the collection, analyses, or interpretation of data, in the writing of the manuscript, or
in the decision to publish the results.

References
1. Denlinger, C.S.; Sanft, T.; Moslehi, J.J.; Overholser, L.; Armenian, S.; Baker, K.S.; Broderick, G.; Demark-Wahnefried, W.; Friedman,

D.L.; Goldman, M.; et al. NCCN Guidelines Insights: Survivorship, Version 2.2020. J. Natl. Compr. Cancer Netw. 2020, 18,
1016–1023. [CrossRef]

2. Gan, T.; Cheng, H.-L.; Tse, M.M.Y. Feasibility, acceptability, and effects of behavior change interventions for improving multiple
dietary behaviors among cancer survivors: A systematic review. Support. Care Cancer 2021, 30, 2877–2889. [CrossRef] [PubMed]

3. Patel, A.V.; Friedenreich, C.M.; Moore, S.C.; Hayes, S.C.; Silver, J.K.; Campbell, K.L.; Winters-Stone, K.; Gerber, L.H.; George, S.M.;
Fulton, J.E.; et al. American College of Sports Medicine Roundtable Report on Physical Activity, Sedentary Behavior, and Cancer
Prevention and Control. Med. Sci. Sports Exerc. 2019, 51, 2391–2402. [CrossRef] [PubMed]

4. Rikli, R.E.; Jones, C.J. Development and validation of criterion-referenced clinically relevant fitness standards for maintaining
physical independence in later years. Gerontologist 2013, 53, 255–267. [CrossRef] [PubMed]

5. Rikli, R.E.; Jones, C.J. Development and Validation of a Functional Fitness Test for Community-Residing Older Adults. J. Aging
Phys. Act. 1999, 7, 129–161. [CrossRef]

6. Ogawa, E.F.; Harris, R.; Dufour, A.B.; Morey, M.C.; Bean, J. Reliability of virtual physical performance assessments in veterans
during the COVID-19 pandemic. Arch. Rehabil. Res. Clin. Transl. 2021, 3, 100146. [CrossRef] [PubMed]

7. Winters-Stone, K.; Lipps, C.; Guidarelli, C.; Herrera-Fuentes, P. Converting Physical Function Testing to the Remote Setting:
Adapting Our Research Protocol During COVID-19. Innov. Aging 2020, 4, 936–937. [CrossRef]

8. Blair, C.K.; Harding, E.; Herman, C.; Boyce, T.; Demark-Wahnefried, W.; Davis, S.; Kinney, A.Y.; Pankratz, V.S. Remote Assessment
of Functional Mobility and Strength in Older Cancer Survivors: Protocol for a Validity and Reliability Study. JMIR Res. Protoc.
2020, 9, e20834. [CrossRef]

9. Bierer, B.; White, S.; Barnes, J.; Gelinas, L. Ethical Challenges in Clinical Research During the COVID-19 Pandemic. J. Bioethical
Inq. 2020, 17, 717–722. [CrossRef]

10. Doherty, G.J.; Goksu, M.; De Paula, B.H.R. Rethinking cancer clinical trials for COVID-19 and beyond. Nat. Cancer 2020, 1,
568–572. [CrossRef]

http://doi.org/10.6004/jnccn.2020.0037
http://doi.org/10.1007/s00520-021-06582-2
http://www.ncbi.nlm.nih.gov/pubmed/34581862
http://doi.org/10.1249/MSS.0000000000002117
http://www.ncbi.nlm.nih.gov/pubmed/31626056
http://doi.org/10.1093/geront/gns071
http://www.ncbi.nlm.nih.gov/pubmed/22613940
http://doi.org/10.1123/japa.7.2.129
http://doi.org/10.1016/j.arrct.2021.100146
http://www.ncbi.nlm.nih.gov/pubmed/34589696
http://doi.org/10.1093/geroni/igaa057.3431
http://doi.org/10.2196/20834
http://doi.org/10.1007/s11673-020-10045-4
http://doi.org/10.1038/s43018-020-0083-x


Cancers 2022, 14, 1075 14 of 15

11. Coronavirus Disease 2019 (COVID-19): Information for NIH Applicants and Recipients of NIH Funding; National Institute of Health,
US Department of Health and Human Services: Washington, DC, USA, 2020. Available online: https://grants.nih.gov/grants/
guide/notice-files/NOT-OD-20-087.html (accessed on 23 September 2021).

12. Liang, W.; Guan, W.; Chen, R.; Wang, W.; Li, J.; Xu, K.; Li, C.; Ai, Q.; Lu, W.; Liang, H.; et al. Cancer patients in SARS-CoV-2
infection: A nationwide analysis in China. Lancet Oncol. 2020, 21, 335–337. [CrossRef]

13. Yu, J.; Ouyang, W.; Chua, M.L.K.; Xie, C. SARS-CoV-2 transmission in patients with cancer at a tertiary care hospital in Wu-han,
China. JAMA Oncol. 2020, 6, 1108–1110. [CrossRef] [PubMed]

14. Nekhlyudov, L.; Duijts, S.; Hudson, S.V.; Jones, J.M.; Keogh, J.; Love, B.; Lustberg, M.; Smith, K.C.; Tevaarwerk, A.; Yu, X.;
et al. Addressing the needs of cancer survivors during the COVID-19 pandemic. J. Cancer Surviv. 2020, 14, 601–606. [CrossRef]
[PubMed]

15. Nabhan, C.; Choueiri, T.K.; Mato, A.R. Rethinking Clinical Trials Reform During the COVID-19 Pandemic. JAMA Oncol. 2020, 6,
1327. [CrossRef]

16. Marra, D.E.; Hamlet, K.M.; Bauer, R.M.; Bowers, D. Validity of teleneuropsychology for older adults in response to COVID-19: A
systematic and critical review. Clin. Neuropsychol. 2020, 34, 1411–1452. [CrossRef]

17. Chipps, J.; Brysiewicz, P.; Mars, M. A Systematic Review of the Effectiveness of Videoconference-Based Tele-Education for
Medical and Nursing Education. Worldviews Evid.-Based Nurs. 2012, 9, 78–87. [CrossRef]

18. Rush, K.L.; Hatt, L.; Janke, R.; Burton, L.; Ferrier, M.; Tetrault, M. The efficacy of telehealth delivered educational approaches for
patients with chronic diseases: A systematic review. Patient Educ. Couns. 2018, 101, 1310–1321. [CrossRef]

19. Matcham, F.; Pietro, C.B.D.S.; Bulgari, V.; de Girolamo, G.; Dobson, R.; Eriksson, H.; Folarin, A.A.; Haro, J.M.; Kerz, M.; Lamers,
F.; et al. Remote assessment of disease and relapse in major depressive disorder (RADAR-MDD): A multi-centre prospective
cohort study protocol. BMC Psychiatry 2019, 19, 72. [CrossRef]

20. Bove, R.; Garcha, P.; Bevan, C.J.; Crabtree-Hartman, E.; Green, A.J.; Gelfand, J.M. Clinic to in-home telemedicine reduces barriers
to care for patients with MS or other neuroimmunologic conditions. Neurol.-Neuroimmunol. Neuroinflamm. 2018, 5, e505. [CrossRef]

21. Moon, S.J.E.; Dabbs, A.D.; Hergenroeder, A.L.; Vendetti, M.L.; Jones, K.B.; Willey, B.M.; Morrell, M.R.; Imes, C.C. Considerations
for assessing physical function and physical activity in clinical trials during the COVID-19 pandemic. Contemp. Clin. Trials 2021,
105, 106407. [CrossRef]

22. Mallow, J.A.; Petitte, T.; Narsavage, G.; Barnes, E.; Theeke, E.; Mallow, B.K.; Theeke, L.A. The Use of Video Conferencing for
Persons with Chronic Conditions: A Systematic Review. E-Health Telecommun. Syst. Netw. 2016, 5, 39–56. [CrossRef] [PubMed]

23. Naidoo, N.; Nguyen, V.T.; Ravaud, P.; Young, B.; Amiel, P.; Schanté, D.; Clarke, M.; Boutron, I. The research burden of randomized
controlled trial participation: A systematic thematic synthesis of qualitative evidence. BMC Med. 2020, 18, 6. [CrossRef] [PubMed]

24. Beck, D.; Asghar, A.; Kenworthy-Heinige, T.; Johnson, M.R.; Willis, C.; Kantorowicz, A.S.; Condon, D.L.; Huang, G.D. Increasing
access to clinical research using an innovative mobile recruit-ment approach: The (MoRe) concept. Contemp. Clin. Trials Commun.
2020, 19, 100623. [CrossRef] [PubMed]

25. Pekmezi, D.W.; Crane, T.E.; Oster, R.A.; Rogers, L.Q.; Hoenemeyer, T.; Farrell, D.; Cole, W.W.; Wolin, K.; Badr, H.; Demark-
Wahnefried, W. Rationale and Methods for a Randomized Controlled Trial of a Dyadic, Web-Based, Weight Loss Intervention
among Cancer Survivors and Partners: The DUET Study. Nutrition 2021, 13, 3472. [CrossRef] [PubMed]

26. CDC Calls on Americans to Wear Masks to Prevent COVID-19 Spread; Centers for Disease Control and Prevention, Department of
Health and Human Services: Washington, DC, USA, 2020. Available online: https://www.cdc.gov/media/releases/2020/p0714-
americans-to-wear-masks.html (accessed on 15 October 2021).

27. Lohman, T.J.; Roache, A.F.; Martorell, R. Anthropometric Standardization Reference Manual. Med. Sci. Sports Exerc. 1992, 24, 952.
[CrossRef]

28. Jones, J.C.; Rikli, R.E. Measuring functional. J. Funct. Aging 2002, 7, 24–30. Available online: https://www.medicina.univr.it/
documenti/OccorrenzaIns/matdid/matdid182478.pdf (accessed on 10 December 2021).

29. Podsiadlo, D.; Richardson, S. The timed “up and go”: A test of basic functional mobility for frail elderly persons. J. Am. Gerontol.
Soc. 1991, 39, 142–148. [CrossRef]

30. The Four-Stage Balance Test Assessment; Centers for Disease Control and Prevention, Department of Health and Human Services:
Washington, DC, USA, 2017. Available online: https://www.cdc.gov/steadi/pdf/4-Stage_Balance_Test-print.pdf (accessed on 2
October 2021).

31. Bland, M.J.; Altman, D.G. Statistical methods for assessing agreement between two methods of clinical measurement. Lancet 1986,
327, 307–310. [CrossRef]

32. Giavarina, D. Understanding Bland Altman analysis. Biochem. Med. 2015, 25, 141–151. [CrossRef]
33. Rosner, B. Fundamentals of Biostatistics, 8th ed.; Cengage Learning: Boston, MA, USA, 2016.
34. Cade, J.; Thompson, R.; Burley, V.; Warm, D. Development, validation and utilisation of food-frequency questionnaires—A review.

Public Health Nutr. 2002, 5, 567–587. [CrossRef]
35. Naaman, R.; Parrett, A.; Bashawri, D.; Campo, I.; Fleming, K.; Nichols, B.; Burleigh, E.; Murtagh, J.; Reid, J.; Gerasimidis, K.

Assessment of Dietary Intake Using Food Photography and Video Recording in Free-Living Young Adults: A Comparative Study.
J. Acad. Nutr. Diet. 2021, 121, 749–761.e1. [CrossRef] [PubMed]

36. Batalik, L.; Winnige, P.; Dosbaba, F.; Vlazna, D.; Janikova, A. Home-Based Aerobic and Resistance Exercise Interventions in
Cancer Patients and Survivors: A Systematic Review. Cancers 2021, 13, 1915. [CrossRef] [PubMed]

https://grants.nih.gov/grants/guide/notice-files/NOT-OD-20-087.html
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-20-087.html
http://doi.org/10.1016/S1470-2045(20)30096-6
http://doi.org/10.1001/jamaoncol.2020.0980
http://www.ncbi.nlm.nih.gov/pubmed/32211820
http://doi.org/10.1007/s11764-020-00884-w
http://www.ncbi.nlm.nih.gov/pubmed/32335850
http://doi.org/10.1001/jamaoncol.2020.3142
http://doi.org/10.1080/13854046.2020.1769192
http://doi.org/10.1111/j.1741-6787.2012.00241.x
http://doi.org/10.1016/j.pec.2018.02.006
http://doi.org/10.1186/s12888-019-2049-z
http://doi.org/10.1212/NXI.0000000000000505
http://doi.org/10.1016/j.cct.2021.106407
http://doi.org/10.4236/etsn.2016.52005
http://www.ncbi.nlm.nih.gov/pubmed/29104830
http://doi.org/10.1186/s12916-019-1476-5
http://www.ncbi.nlm.nih.gov/pubmed/31955710
http://doi.org/10.1016/j.conctc.2020.100623
http://www.ncbi.nlm.nih.gov/pubmed/32775763
http://doi.org/10.3390/nu13103472
http://www.ncbi.nlm.nih.gov/pubmed/34684474
https://www.cdc.gov/media/releases/2020/p0714-americans-to-wear-masks.html
https://www.cdc.gov/media/releases/2020/p0714-americans-to-wear-masks.html
http://doi.org/10.1249/00005768-199208000-00020
https://www.medicina.univr.it/documenti/OccorrenzaIns/matdid/matdid182478.pdf
https://www.medicina.univr.it/documenti/OccorrenzaIns/matdid/matdid182478.pdf
http://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://www.cdc.gov/steadi/pdf/4-Stage_Balance_Test-print.pdf
http://doi.org/10.1016/S0140-6736(86)90837-8
http://doi.org/10.11613/BM.2015.015
http://doi.org/10.1079/PHN2001318
http://doi.org/10.1016/j.jand.2020.09.040
http://www.ncbi.nlm.nih.gov/pubmed/33187931
http://doi.org/10.3390/cancers13081915
http://www.ncbi.nlm.nih.gov/pubmed/33921141


Cancers 2022, 14, 1075 15 of 15

37. Ibeggazene, S.; Turner, R.; Rosario, D.; Bourke, L. Remote interventions to improve exercise behaviour in sedentary people living
with and beyond cancer: A systematic review and meta-analysis. BMC Cancer 2021, 21, 308. [CrossRef] [PubMed]

38. Winters-Stone, K.M.; Boisvert, C.; Li, F.; Lyons, K.S.; Beer, T.M.; Mitri, Z.; Meyers, G.; Eckstrom, E.; Campbell, K.L. Delivering
exercise medicine to cancer survivors: Has COVID-19 shifted the landscape for how and who can be reached with supervised
group exercise? Support. Care Cancer 2021, 30, 1903–1906. [CrossRef]

39. Paschal, K.; Oswald, A.; Siegmund, R.; Siegmund, S.; Threlkeld, J. Test-retest reliability of the physical performance test for
persons with Parkinson disease. J. Geriatr. Phys. Ther. 2006, 29, 82–86. [CrossRef]

40. Dahl, A.K.; Hassing, L.B.; Fransson, E.; Pedersen, N.L. Agreement between self-reported and measured height, weight and body
mass index in old age—A longitudinal study with 20 years of follow-up. Age Ageing 2010, 39, 445–451. [CrossRef]

41. Kuczmarski, M.F.; Kuczmarski, R.J.; Najjar, M. Effects of age on validity of self-reported height, weight, and body mass index:
Findings from the Third National Health and Nutrition Examination Survey, 1988–1994. J. Am. Diet Assoc. 2001, 101, 28–34.
[CrossRef]

42. Villanueva, E.V. The validity of self-reported weight in US adults: A population based cross-sectional study. BMC Public Health
2001, 1, 11. [CrossRef]

43. Sahyoun, N.R.; Maynard, L.M.; Zhang, X.L.; Serdula, M.K. Factors associated with errors in self-reported height and weight in
older adults. J. Nutr. Health Aging 2008, 12, 108–115. [CrossRef]

44. Khunti, K.; Taub, N.; Webb, D.; Srinivasan, B.; Stockman, J.; Griffin, S.J.; Simmons, R.; Davies, M. Validity of self-assessed waist
circumference in a multi-ethnic UK population. Diabet. Med. 2011, 29, 404–409. [CrossRef]

45. Ghosh-Dastidar, M.; Nicosia, N.; Datar, A. A novel approach to anthropometric assessment for geographically dispersed samples:
A pilot study. Prev. Med. Rep. 2020, 19, 101125. [CrossRef] [PubMed]

46. Sobhiyeh, S.; Kennedy, S.; Dunkel, A.; Dechenaud, M.E.; Weston, J.A.; Shepherd, J.; Wolenski, P.; Heymsfield, S.B. Digital
anthropometry for body circumference measurements: Toward the development of universal three-dimensional optical system
analysis software. Obes. Sci. Pr. 2021, 7, 35–44. [CrossRef] [PubMed]

47. Sawers, A.; Hafner, B.J. Characterizing Practice Effects in Performance-Based Tests Administered to Users of Unilateral Lower
Limb Prostheses: A Preliminary Study. PMR 2020, 13, 969–978. [CrossRef] [PubMed]

http://doi.org/10.1186/s12885-021-07989-0
http://www.ncbi.nlm.nih.gov/pubmed/33761906
http://doi.org/10.1007/s00520-021-06669-w
http://doi.org/10.1519/00139143-200612000-00001
http://doi.org/10.1093/ageing/afq038
http://doi.org/10.1016/S0002-8223(01)00008-6
http://doi.org/10.1186/1471-2458-1-11
http://doi.org/10.1007/BF02982562
http://doi.org/10.1111/j.1464-5491.2011.03478.x
http://doi.org/10.1016/j.pmedr.2020.101125
http://www.ncbi.nlm.nih.gov/pubmed/32509510
http://doi.org/10.1002/osp4.467
http://www.ncbi.nlm.nih.gov/pubmed/33680490
http://doi.org/10.1002/pmrj.12513
http://www.ncbi.nlm.nih.gov/pubmed/33094924

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Training 
	Procedures 
	Anthropometric Measures 
	Physical Performance Measures 
	Data Analysis 
	Sample Size Considerations 

	Results 
	Demographics and Characteristics 
	Validity and Reliability Results—Overall Sample 
	Validity and Reliability Results—Survivors and Partners 
	Validity and Reliability Results—Balance 
	Feasibility Benchmarks 

	Discussion 
	Conclusions 
	References

