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Abstract: Background: Physical inactivity during the COVID-19 pandemic is a public health concern
for older adults. Telehealth presents a safe platform for conducting health-related interventions that
may have additional benefits such as widespread reach. Our pilot study sought to examine how
a telehealth intervention changed activity profiles in older adults during the COVID-19 pandemic.
Methods: There were n = 13 adults aged 70.6 ± 4.5 years that participated in a 6 week telehealth
intervention during the COVID-19 pandemic. The didactic intervention contents were shared
online, and participants worked with trained interviewers over the telephone to discuss physical
activity. At baseline and post-intervention, the Multimedia Activity Recall for Children and Adults
examined activity profiles, while accelerometry estimated time spent sedentary and in physical
activity. Results: Relative to the baseline measures, there was an 88 min/day (95% confidence interval
(CI): 39, 137) increase in computer time and 36 min/day (CI: 10, 62) reduction in time spent in active
transport at post-intervention. Moderate-to-vigorous physical activity participation also increased
by an estimated 2 min/day (CI: −21, 26) and 12 min/week (CI: −154, 180), but this trend was
not statistically significant. Conclusion: We recommend that support be provided to older adults
transitioning to telehealth, especially as migration to telehealth progresses.
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1. Introduction

Healthy lifestyle behaviors such as physical activity participation are robustly associ-
ated with successful aging and delayed all-cause mortality [1,2]. However, approximately
two-thirds of older adults are sedentary for more than 8.5 h/day [3]. The COVID-19
pandemic may have especially exacerbated physical inactivity in older adults. For example,
older adults engaged in higher sedentary behaviors, lower physical activity participation,
and reported a decline in their physical health during the COVID-19 pandemic [4,5]. As
such, interventions that help older adults safely overcome barriers to physical activity
participation are urgently needed to help maintain physical health and successful aging [6].

Telehealth has emerged as a relatively inexpensive and accessible platform for per-
forming healthy lifestyle interventions that also has widespread catchment for difficult
to reach populations such as rural older adults [7]. Previous studies that have utilized
telehealth for delivering wellness interventions have found that older adults valued this
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platform and used the internet for researching health-related information [8,9]. Moreover,
the effectiveness of delivering health-related information intended for behavior change
through telehealth is equal to that of print-based delivery [10]. While telehealth presents
a promising platform for conducting interventions, telehealth interventions need to be
further examined in older populations [11,12], particularly in light of the COVID-19 pan-
demic [13]. Our pilot study sought to examine how a telehealth intervention changed
activity profiles in older adults during the COVID-19 pandemic.

2. Materials and Methods
2.1. Participants

This pilot investigation utilized a prospective, within-participant design, with mea-
sures before and after the 6 week intervention period. Repeating measures allowed us
to examine within-participant changes over time and optimize our analyses with sample
sizes that are often observed in pilot studies. Participants were recruited in February 2021
through word of mouth, flyers, online advertisements, and university email listservs. To
participate in our pilot telehealth intervention, participants needed to be aged at least 65
years, cognitively intact, able to read and speak the English language fluently, able to wear
an accelerometer, have a body mass index ≥18.5 kg per meters-squared (i.e., not under-
weight) [14], and able to engage in physical activity as determined by the PAR-Q+ [15].

People who were interested in our pilot intervention contacted a trained interviewer to
evaluate eligibility. To maintain the telehealth platform, all study criteria were determined
by self-report. Of the n = 16 people who contacted a trained interviewer to determine
eligibility, n = 2 individuals were declared as ineligible, and n = 1 decided not to continue
before the intervention began. The remaining n = 13 participants provided written informed
consent before engaging in our pilot study and protocols were approved by the North
Dakota State University Institutional Review Board (Protocol ID: IRB0003367).

2.2. Intervention

This pilot study was registered on clinicaltrials.gov (NCT04461184). The telehealth
intervention began in March 2021 and was 6 weeks in duration. Intervention contents were
shared with participants on Google Classroom [16], with anonymous Google Classroom
accounts created. Interviewers trained participants in how to effectively utilize their Google
Classroom accounts to access intervention contents.

Few intervention studies in gerontology research exist where older adults have a
research role [17]. Therefore, the study team included two older adult stakeholders that
contributed to all phases of the telehealth intervention in order to provide meaningful
perspectives for our intervention that are relevant to the older adult population we stud-
ied [18,19]. Specifically, the older adult stakeholders helped in tasks such as developing
the intervention contents, quality controlling navigation in Google Classroom, piloting,
troubleshooting, and disseminating this work. Contents of the intervention were guided by
physical activity and other related healthy behavior recommendations for older adults [20–23].

During the first three weeks of the intervention, participants were asked to log into
Google Classroom, at least weekly, and view didactic materials related to practicing healthy
lifestyle behaviors (i.e., physical activity). The didactic materials were created by the investi-
gators and included study-specific videos, pre-recorded presentations and demonstrations
of physical activities, and readings that were germane to practicing healthy lifestyles over-
all and during the COVID-19 pandemic. Following the didactic portion of the telehealth
intervention, trained interviewers worked individually with participants over the tele-
phone to discuss the intervention and develop a customized strategy for practicing physical
activity that aligned with each participant’s abilities and environment. Theory-based goal
setting was utilized to encourage participants to practice the physical activities from the
intervention [24]. Participating in light and moderate-to-vigorous physical activity was
emphasized. Providing autonomy to physical activity participation, a sense of relatedness
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between participants and interviewers, and reinforcing competence in physical activities
was encouraged [25].

2.3. Measures

At baseline, participants completed a self-reported demographic questionnaire in
Google Classroom. The Multimedia Activity Recall for Children and Adults (MARCA),
a computer-assisted physical activity recall, was utilized to capture each participant’s
activity profiles. The MARCA asked participants to recall their previous day chronologi-
cally from midnight to midnight using meal times as anchor points in a segmented day
format. Participants recalled their day in time periods of five minutes or more by choosing
from over 500 discrete activities, with each activity linked to a compendium of energy
expenditures [26,27].

The adult version of the MARCA was administered by trained interviewers on the telephone
at both baseline and post-intervention, each time recalling the two previous days. This version
of the MARCA has demonstrated a very high test–retest reliability (ICC = 0.92–0.99) and
high validity with accelerometry (rho = 0.72) and doubly labeled water (rho = 0.70) in
adults [28,29]. As outlined in Table 1, MARCA activities were hierarchically aggregated
into nine super-domains with appropriate sub-domains [30]. To capture typical weekly
activity patterns, the time spent in each activity domain was averaged across the two days
using a 5:2 weighting for weekdays:weekend days.

Table 1. Activity Super- and Sub-Domains as Determined from the Multimedia Activity Recall for Children and Adults.

Super-Domain Sub-Domain Description Examples

Sleep - Sleeping, napping Day time nap

Physical Activity - Formal and informal exercise Gym, sports

Work and Study - Occupational activity, study Office work
- Computer Non-gaming computer use Internet, email

Transport - Locomotion Driving a car
- Active transport Non-motorized transport Cycling, walking
- Passive transport Motorized transport Riding a bus

Quiet Time - Non-social leisure time Listen to music
- Reading Recreational reading Reading an article
- Other Non-reading quiet time Lying in bed

Self-Care - Eating, grooming Eating dinner
- Eating Eating or drinking Drinking coffee
- Grooming Grooming or ablutions Showering

Social - Social and cultural activities Talking
- Communications Communicating with others Calls, text message
- Socializing Social interactions Parties

Chores - Domestic tasks Food prep
- Indoor chores Inside tasks Vacuuming
- Outdoor chores Outdoor tasks Gardening

Screen Time - Phone apps, television Phone apps
- Television or videogames Watching television, movies Watching movies

Note: Activity domains are defined using lists of activities, and the rubrics are only indicative.

Physical activity participation was monitored at baseline and post-intervention with
an ActiGraph GT9X-BT accelerometer (ActiGraph; Pensacola, FL, USA). Each accelerometer
was initialized at 30 Hz with ActiLife 6 software (ActiGraph) [31]. Accelerometers, wearing
instructions, and logs (to record beginning and end time for physical activity, accelerometer
removals, and sleep) were sent to each participant in the mail. Trained interviewers also
communicated with participants over the telephone and online regarding how to wear
the accelerometer and complete logs. Participants were asked to wear the accelerometer
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on their non-dominant wrist during waking and sleep time for seven consecutive days,
and only removing the accelerometer for water-based activities (e.g., bathing, showering,
swimming) [32]. Participants returned the accelerometers and logs in the mail after their
requested wear time was completed.

Data were stored in 60 s epochs [33]. Minimum wear time was defined as at least 10 h/day
during waking time for four days including one weekend day [34]. The Choi et al. [35] non-
wear algorithm was used to remove periods of non-wear during waking time. Time spent in
sedentary behavior and each intensity of physical activity was determined with applicable
cut-points: <2860 counts/min for sedentary behavior, 2860–3940 counts/min for light
physical activity, and ≥3941 counts/min for moderate-to-vigorous physical activity [36].
Daily sedentary and physical activity time estimates were summed and subsequently used
to determine weekly estimates. The same accelerometer protocols were used for both the
baseline and post-intervention measurements.

2.4. Statistical Analysis

The mean ± standard deviation number of minutes spent by participants in each
activity domain was calculated at baseline and post-intervention, with the change from
baseline determined. Changes in time use as determined from the MARCA were expressed
as min/day. Positive changes indicated more time spent in each activity domain while
negative changes indicated less time spent in each activity domain. Further, the daily
and weekly mean ± standard deviation changes in time spent sedentary and in each
intensity of physical activity were determined by comparing baseline estimates to those at
post-intervention. SAS 9.4 software (SAS Institute; Cary, NC, USA) was used to analyze
the accelerometer data. An alpha level of 0.05 was used for all analyses.

3. Results

The baseline descriptive characteristics of the n = 13 participants are shown in Table 2.
Overall, the participants were aged 70.6 ± 4.5 years and n = 10 (76.9%) identified as female.
All participants completed the MARCA before and after the telehealth intervention. The
time participants spent in each MARCA activity super- and sub-domain at baseline and
post-intervention is shown in Table 3, while the corroborating changes in time usage from
baseline to post-intervention across activity domains are depicted in Figure 1. At the end
of the intervention period, there was a 91 min/day (95% confidence interval (CI): 45, 136)
increase in time spent in work and study, primarily because of an 88 min/day (CI: 39, 137)
increase in computer time. These increases were compensated by a 36 min/day (CI: 10, 62)
reduction in time spent in active transport.

Table 2. Descriptive Characteristics of the Participants.

Variable Value

Age (Years) 70.6 ± 4.5
Female (n (%)) 10 (76.9)

Non-Hispanic White (n (%)) 13 (100.0)
Completed Bachelor’s Degree or Higher (n (%)) 9 (69.2)

Retired (n (%)) 12 (92.3)
Current Smoker (n (%)) 0 (0.0)

Excellent or Very Good Self-Rated Health (n (%)) 10 (76.9)
Note: Results are presented as the mean ± standard deviation or frequency (percentage) as indicated.

Only a single day of accelerometer wear was removed from the analyses post-intervention
due to wear time adherence <10 h. The estimated mean wear time at baseline was
950 ± 52 min/day (6651 ± 365 min/week) and at post-intervention was 908 ± 69 min/day
(6307 ± 584 min/week). Table 4 presents the estimated time spent in sedentary behav-
ior and physical activity during the telehealth intervention. Although there was a non-
significant trend, estimated daily and weekly moderate-to-vigorous physical activity par-
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ticipation increased by 2 min (CI: −21, 26) and 12 min (CI: −154, 180) after the intervention
was completed, respectively.

Figure 1. Changes in Time Usage across Activity Domains from Baseline to Post-Telehealth Intervention. Note: Dots to the
right of the dashed vertical line indicate an increase in the time spent in the super- or sub-domains, and dots to the left of
the dashed vertical line indicate a decrease in the time spent in the super- or sub-domains. Sub-domains corresponding to a
super-domain are linked by lines. min/day = min/day.
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Table 3. Time Spent in Each Activity Super- and Sub-Domain during the Telehealth Intervention.

Super-Domain Sub-Domain Baseline † Post-Intervention † Mean Change Minutes (95% CI)

Sleep - 487 ± 38 489 ± 37 2 (−32, 36)

Physical Activity - 22 ± 16 20 ± 29 −2 (−21, 17)

Work and Study - 31 ± 29 122 ± 68 91 (45, 136)
- Computer 26 ± 30 114 ± 72 88 (39, 137)

Transport - 147 ± 151 77 ± 44 −70 (−167, 27)
- Active transport 74 ± 39 38 ± 29 −36 (−62, −10)
- Passive transport 73 ± 124 39 ± 32 −34 (−111, 43)

Quiet Time - 133 ± 84 128 ± 72 −4 (−68, 59)
- Reading 99 ± 95 108 ± 70 9 (−61, 78)
- Other 33 ± 39 20 ± 20 −13 (−37, 11)

Self-Care - 135 ± 32 127 ± 18 −9 (−32, 15)
- Eating 78 ± 23 79 ± 11 1 (−69, 70)
- Grooming 57 ± 16 48 ± 11 −9 (−22, 3)

Social - 100 ± 80 101 ± 62 1 (−69, 70)
- Communications 95 ± 74 80 ± 50 −15 (−82, 53)
- Socializing 5 ± 11 21 ± 37 15 (−9, 40)

Chores - 28 ± 100 207 ± 112 −1 (−101, 99)
- Indoor chores 206 ± 99 191 ± 114 −15 (−114, 85)
- Outdoor chores 2 ± 6 1 ± 29 13 (−5, 32)

Screen Time - 135 ± 84 149 ± 106 14 (−75, 104)
- Television 127 ± 83 149 ± 108 22 (−67, 111)

Videogames 8 ± 17 0 ± 0 −8 (−18, 2)
† Results are presented as the mean ± standard deviation min/day. Note: CI = confidence interval.

Table 4. Time Spent in Sedentary Behavior and Physical Activity during the Telehealth Intervention.

Variable Baseline † Post-Intervention † Mean Change Time (95% CI)

Daily Minutes
SB 688 ± 80 650 ± 82 −37 (−103, 27)

LPA 207 ± 57 201 ± 51 −6 (−50, 37)
MVPA 53 ± 27 55 ± 31 2 (−21, 26)

Weekly Minutes
SB 4822 ± 560 4512 ± 643 −309 (−797, 179)

LPA 1454 ± 404 1406 ± 358 −47 (−357, 261)
MVPA 374 ± 195 387 ± 218 12 (−154, 180)

† Results are presented as the mean ± standard deviation. Note: CI = confidence interval; LPA = light physical
activity; MVPA = moderate-to-vigorous physical activity; SB = sedentary behavior.

4. Discussion

This 6 week pilot telehealth intervention that occurred during the COVID-19 pandemic
revealed that older adults spent approximately 88 more min/day working and studying
in front of a computer, and approximately 36 less min/day engaging in active transport.
Although our older adult participants reported spending more time in front of a computer
and less time in active transport after the intervention was completed, a non-significant
trend in participants engaging in more minutes of daily and weekly moderate-to-vigorous
physical activity was observed, respectively. These findings suggest that participants may
have replaced engaging in physical activity through active transport with participating in
physical activity in front of a computer while using our intervention as a guide.

Our findings add to the important and growing body of literature related to health
interventions for older adults during the COVID-19 pandemic. The COVID-19 pandemic
elicited unhealthy behaviors in older populations including lower physical activity par-
ticipation and prolonged bouts of sedentary behavior [5]. Several building closures (e.g.,
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exercise facilities, malls) and safety fears due to the COVID-19 pandemic may have driven
physical inactivity in older adults [6], and the creation and implementation of interven-
tions that promote safe physical activity are needed in the event subsequent emergencies
occur [37]. Our pilot telehealth intervention provided a unique platform for the safe pro-
motion of healthy lifestyles. The building closures and safety fears from the COVID-19
pandemic may have underpinned why our participants spent more time in front of a
computer and less time in active transport after our telehealth intervention was completed.
Interestingly, participants also spent more time engaging in moderate-to-vigorous physical
activity while spending time in front of a computer post-telehealth intervention, albeit this
trend was not statistically significant.

While our pilot telehealth intervention showed a non-statistically significant trend
for improving moderate-to-vigorous physical activity during the COVID-19 pandemic,
other outcomes and benefits of utilizing telehealth interventions for older adults should
be acknowledged. For example, older adults residing in rural areas may have limited
access to health-related services due to a scarcity of services, insufficient public transport,
and financial constraints [38]. Telehealth interventions provide a relatively low-cost and
convenient platform that has widespread reach for such people to receive health-related
services. Telehealth could also be used to complement face-to-face interventions [39].
The large and potentially permanent migration to telehealth as a result of the COVID-19
pandemic should underscore the need to support older adults in using relevant technologies
and providing necessary resources [40]. Investing in such resources could be especially
critical given that the older American population is projected to grow approximately 112%
by the year 2060 [41].

Some study limitations should be noted. Although our sample size exceeds the mini-
mum recommended amount for single-group pilot studies [42], our ability to conduct more
robust analyses was limited due to sampling. While we wanted to maintain intervention
simplicity during the COVID-19 pandemic for our older adult participants, follow-up data
after intervention completion were not available and therefore sustainable physical activity
behavior change could not be observed from our pilot study. Likewise, examining sex as a
biological variable with sex-stratified analyses was not completed because of our pilot-level
sample size. Convenience sampling was applicable to the recruitment of our participants.
This telehealth intervention took place during the COVID-19 pandemic, and health-related
behaviors during this time may not reflect such behaviors before the pandemic began.
Similarly, our telehealth intervention may have elicited a Hawthorne effect on participants,
and thus any changes in physical activity profiles could be attributed to the Hawthorne
effect instead of the intervention itself. Our participants all identified as non-Hispanic
white and were well educated. Therefore, generalizability of our findings is limited.

Future research should continue investigating the utility and efficacy of telehealth
interventions in older populations, especially for those living with muscle dysfunction
and morbidities that can undermine independence such as obesity. Larger sample sizes,
stronger experimental designs with follow up and control groups, and additional objective
measures should also be considered for this translational research when possible. Given
that our participants were overall compliant with our intervention, factors such as main-
taining routine communication with participants, including older adult stakeholders on
the study team, and personalizing activity recommendations may help to preserve partici-
pant engagement. Continuing to monitor telehealth participant recruitment, satisfaction,
feasibility (participant and investigator), and outcome efficacy in different populations will
help to determine the utility of telehealth interventions, especially for older people with
lower computer access and competency. Providing more computer access and didactic
computer use sessions for applicable older adults as a study aim may help to streamline
telehealth as an intervention mode.
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5. Conclusions

This pilot telehealth intervention which occurred during the COVID-19 pandemic
revealed that older adult participants spent more time on a computer and less time in
active transport after the intervention was completed. It is also possible that participants
were utilizing our telehealth intervention contents to engage in moderate-to-vigorous
physical activity while in front of the computer. Continued research for telehealth inter-
ventions is warranted, especially as migration to telehealth progresses. We recommend
that support be provided to older adults transitioning to telehealth, especially after the
COVID-19 pandemic.
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7. Cimperman, M.; Brenčič, M.M.; Trkman, P.; Stanonik, M.D.L. Older adults’ perceptions of home telehealth services. Telemed.
Health 2013, 19, 786–790. [CrossRef]

8. Jones, R.B.; Ashurst, E.J.; Atkey, J.; Duffy, B. Older people going online: Its value and before-after evaluation of volunteer support.
J. Med. Internet Res. 2015, 17, e122. [CrossRef]

9. Hunsaker, A.; Hargittai, E. A review of Internet use among older adults. New Media Soc. 2018, 20, 3937–3954. [CrossRef]
10. Marcus, B.H.; Lewis, B.A.; Williams, D.M.; Dunsiger, S.; Jakicic, J.M.; Whiteley, J.A.; Parisi, A.F. A comparison of Internet and

print-based physical activity interventions. Arch. Intern. Med. 2007, 167, 944–949. [CrossRef]
11. Mohadis, H.M.; Ali, N.M.; Shahar, S.; Smeaton, A.F. Web-based physical activity interventions for older adults: A review.

In Advances in Visual Informatics; Badioze Zaman, H., Ed.; IVIC 2015. Lecture Notes in Computer; Science, Springer: Cham,
Switzerland, 2015; Volume 9429.

12. Jonkman, N.H.; van Schooten, K.S.; Maier, A.B.; Pijnappels, M. eHealth interventions to promote objectively measured physical
activity in community-dwelling older people. Maturitas 2018, 113, 32–39. [CrossRef]

http://doi.org/10.1001/archinternmed.2010.76
http://doi.org/10.3390/nu10111593
http://doi.org/10.3390/ijerph10126645
http://doi.org/10.1093/qjmed/hcab015
http://doi.org/10.1016/j.exger.2020.111121
http://doi.org/10.1186/s12889-021-10825-6
http://www.ncbi.nlm.nih.gov/pubmed/33874931
http://doi.org/10.1089/tmj.2012.0272
http://doi.org/10.2196/jmir.3943
http://doi.org/10.1177/1461444818787348
http://doi.org/10.1001/archinte.167.9.944
http://doi.org/10.1016/j.maturitas.2018.04.010


Geriatrics 2021, 6, 68 9 of 10

13. Doraiswamy, S.; Jithesh, A.; Mamtani, R.; Abraham, A.; Cheema, S. Telehealth Use in Geriatrics Care during the COVID-19
Pandemic-A Scoping Review and Evidence Synthesis. Int. J. Environ. Res. Public Health 2021, 18, 1755. [CrossRef]

14. Defining Adult Overweight & Obesity. Available online: https://www.cdc.gov/obesity/adult/defining.html (accessed on
27 May 2021).

15. The Physical Activity Readiness Questionnaire for Everyone. Available online: http://eparmedx.com/wp-content/uploads/20
13/03/FINAL-FILLABLE-ParQ-Plus-Jan-20191.pdf (accessed on 27 May 2021).

16. Iftakhar, S. Google Classroom: What Works and How? J. Educ. Soc. Sci. 2016, 3, 12–18.
17. Riffin, C.; Kenien, C.; Ghesquiere, A.; Dorime, A.; Villanueva, C.; Gardner, D.; Reid, M.C. Community-based participatory

research: Understanding a promising approach to addressing knowledge gaps in palliative care. Ann. Palliat. Med. 2016, 5,
218–224. [CrossRef]

18. Wallerstein, N.B.; Duran, B. Using community-based participatory research to address health disparities. Health Promot. Pract.
2006, 7, 312–323. [CrossRef]

19. Salimi, Y.; Shahandeh, K.; Malekafzali, H.; Loori, N.; Kheiltash, A.; Jamshidi, E.; Majdzadeh, R. Is Community-based Participatory
Research (CBPR) Useful? A Systematic Review on Papers in a Decade. Int. J. Prev. Med. 2012, 3, 386–393.

20. Exercise for Older Adults. Available online: http://file.lacounty.gov/SDSInter/dmh/216745_ExerciseforOlderAdultsHealthCar
eProviderManual.pdf (accessed on 27 May 2021).

21. AgePage Healthy Eating After 50. Available online: https://order.nia.nih.gov/sites/default/files/2019-10/Healthy-Eating-2019
-update-508.pdf (accessed on 27 May 2021).

22. Exercise & Physical Activity. Available online: https://healthysd.gov/wp-content/uploads/2015/04/go4life-exercise-guide.pdf
(accessed on 27 May 2021).

23. Bernstein, M.; Munoz, N. Academy of Nutrition and Dietetics. Position of the Academy of Nutrition and Dietetics: Food and
nutrition for older adults: Promoting health and wellness. J. Acad. Nutr. Diet. 2012, 112, 1255–1277. [CrossRef]

24. Swann, C.; Rosenbaum, S.; Lawrence, A.; Vella, S.A.; McEwan, D.; Ekkekakis, P. Updating goal-setting theory in physical activity
promotion: A critical conceptual review. Health Psychol. Rev. 2021, 15, 34–50. [CrossRef]

25. Ryan, R.M.; Deci, E.L. Self-determination theory and the facilitation of intrinsic motivation, social development, and well-being.
Am. Psychol. 2000, 55, 68–78. [CrossRef]

26. Ainsworth, B.E.; Haskell, W.L.; Herrmann, S.D.; Meckes, N.; Bassett, D.R.; Tudor-Locke, C.; Leon, A.S. Compendium of Physical
Activities: A second update of codes and MET values. Med. Sci. Sports Exerc. 2011, 43, 1575–1581. [CrossRef]

27. Ainsworth, B.E.; Haskell, W.L.; Whitt, M.C.; Irwin, M.L.; Swartz, A.M.; Strath, S.J.; Leon, A.S. Compendium of physical activities:
An update of activity codes and MET intensities. Med. Sci. Sports Exerc. 2000, 32, S498–S504. [CrossRef]

28. Gomersall, S.R.; Olds, T.S.; Ridley, K. Development and evaluation of an adult use-of-time instrument with an energy expenditure
focus. J. Sci. Med. Sport 2011, 14, 143–148. [CrossRef] [PubMed]

29. Foley, L.S.; Maddison, R.; Rush, E.; Olds, T.S.; Ridley, K.; Jiang, Y. Doubly labeled water validation of a computerized use-of-time
recall in active young people. Metabolism 2013, 62, 163–169. [CrossRef]

30. Gomersall, S.; Maher, C.; Norton, K.; Dollman, J.; Tomkinson, G.; Esterman, A.; Olds, T. Testing the activitystat hypothesis: A
randomised controlled trial protocol. BMC Public Health 2012, 12, 851. [CrossRef] [PubMed]

31. Brønd, J.C.; Arvidsson, D. Sampling frequency affects the processing of Actigraph raw acceleration data to activity counts. J. Appl.
Physiol. 2016, 120, 362–369. [CrossRef] [PubMed]

32. Wennman, H.; Pietilä, A.; Rissanen, H.; Valkeinen, H.; Partonen, T.; Mäki-Opas, T.; Borodulin, K. Gender, age and socioeconomic
variation in 24-hour physical activity by wrist-worn accelerometers: The FinHealth 2017 Survey. Sci. Rep. 2019, 9, 6534. [CrossRef]

33. McGrath, R.; Vella, C.A.; Scruggs, P.W.; Peterson, M.D.; Williams, C.J.; Paul, D.R. The Impact of Low Accelerometer Wear Time on
the Estimates and Application of Sedentary Behavior and Physical Activity Data in Adults. J. Phys. Act. Health 2017, 14, 919–924.
[CrossRef]

34. Tudor-Locke, C.; Camhi, S.M.; Troiano, R.P. A catalog of rules, variables, and definitions applied to accelerometer data in the
National Health and Nutrition Examination Survey, 2003–2006. Prev. Chronic Dis. 2012, 9, E113. [CrossRef]

35. Choi, L.; Liu, Z.; Matthews, C.E.; Buchowski, M.S. Validation of accelerometer wear and nonwear time classification algorithm.
Med. Sci. Sports Exerc. 2011, 43, 357–364. [CrossRef]

36. Montoye, A.H.; Clevenger, K.A.; Pfeiffer, K.A.; Nelson, M.B.; Bock, J.M.; Imboden, M.T.; Kaminsky, L.A. Development of
cut-points for determining activity intensity from a wrist-worn ActiGraph accelerometer in free-living adults. J. Sports Sci. 2020,
38, 2569–2578. [CrossRef]

37. Stockwell, S.; Trott, M.; Tully, M.; Shin, J.; Barnett, Y.; Butler, L.; Smith, L. Changes in physical activity and sedentary behaviours
from before to during the COVID-19 pandemic lockdown: A systematic review. BMJ Open Sport Exerc. Med. 2021, 7, e000960.
[CrossRef]

38. Douthit, N.; KiBiswas, Sv.S.; Dwolatzky, T. Exposing some important barriers to health care access in the rural USA. Public Health
2015, 129, 611–620. [CrossRef]

39. Andersson, G. Internet interventions: Past, present and future. Internet Interv. 2018, 12, 181–188. [CrossRef]
40. Lam, K.; Lu, A.D.; Shi, Y.; Covinsky, K.E. Assessing Telemedicine Unreadiness Among Older Adults in the United States During

the COVID-19 Pandemic. JAMA Intern. Med. 2020, 180, 1389–1391. [CrossRef] [PubMed]

http://doi.org/10.3390/ijerph18041755
https://www.cdc.gov/obesity/adult/defining.html
http://eparmedx.com/wp-content/uploads/2013/03/FINAL-FILLABLE-ParQ-Plus-Jan-20191.pdf
http://eparmedx.com/wp-content/uploads/2013/03/FINAL-FILLABLE-ParQ-Plus-Jan-20191.pdf
http://doi.org/10.21037/apm.2016.05.03
http://doi.org/10.1177/1524839906289376
http://file.lacounty.gov/SDSInter/dmh/216745_ExerciseforOlderAdultsHealthCareProviderManual.pdf
http://file.lacounty.gov/SDSInter/dmh/216745_ExerciseforOlderAdultsHealthCareProviderManual.pdf
https://order.nia.nih.gov/sites/default/files/2019-10/Healthy-Eating-2019-update-508.pdf
https://order.nia.nih.gov/sites/default/files/2019-10/Healthy-Eating-2019-update-508.pdf
https://healthysd.gov/wp-content/uploads/2015/04/go4life-exercise-guide.pdf
http://doi.org/10.1016/j.jand.2012.06.015
http://doi.org/10.1080/17437199.2019.1706616
http://doi.org/10.1037/0003-066X.55.1.68
http://doi.org/10.1249/MSS.0b013e31821ece12
http://doi.org/10.1097/00005768-200009001-00009
http://doi.org/10.1016/j.jsams.2010.08.006
http://www.ncbi.nlm.nih.gov/pubmed/20932797
http://doi.org/10.1016/j.metabol.2012.07.021
http://doi.org/10.1186/1471-2458-12-851
http://www.ncbi.nlm.nih.gov/pubmed/23043381
http://doi.org/10.1152/japplphysiol.00628.2015
http://www.ncbi.nlm.nih.gov/pubmed/26635347
http://doi.org/10.1038/s41598-019-43007-x
http://doi.org/10.1123/jpah.2016-0584
http://doi.org/10.5888/pcd9.110332
http://doi.org/10.1249/MSS.0b013e3181ed61a3
http://doi.org/10.1080/02640414.2020.1794244
http://doi.org/10.1136/bmjsem-2020-000960
http://doi.org/10.1016/j.puhe.2015.04.001
http://doi.org/10.1016/j.invent.2018.03.008
http://doi.org/10.1001/jamainternmed.2020.2671
http://www.ncbi.nlm.nih.gov/pubmed/32744593


Geriatrics 2021, 6, 68 10 of 10

41. Colby, S.L.; Ortman, J.M. Projections of the Size and Composition of the US Population: 2014 to 2060. Available online:
https://www.census.gov/content/dam/Census/library/publications/2015/demo/p25-1143.pdf (accessed on 27 May 2021).

42. Julious, S.A. Sample size of 12 per group rule of thumb for a pilot study. Pharm. Stat. 2005, 4, 287–291. [CrossRef]

https://www.census.gov/content/dam/Census/library/publications/2015/demo/p25-1143.pdf
http://doi.org/10.1002/pst.185

	Introduction 
	Materials and Methods 
	Participants 
	Intervention 
	Measures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

