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Abstract

Background: Knowledge on physical activity recovery after COVID-19 survival is limited. The AFTER (App-Facilitated
Tele-Rehabilitation) program for COVID-19 survivors randomized participants, following hospital discharge, to either education
and unstructured physical activity or a telerehabilitation program. Step count data were collected as a secondary outcome, and
we found no significant differences in total step count trajectories between groups at 6 weeks. Further step count data were not
analyzed.

Objective: The purpose of this analysis was to examine step count trajectories and correlates among all participants (combined
into a single group) across the 12-week study period.

Methods: Linear mixed models with random effects were used to model daily steps over the number of study days. Models
with 0, 1, and 2 inflection points were considered, and the final model was selected based on the highest log-likelihood value.

Results: Participants included 44 adults (41 with available Fitbit [Fitbit LLC] data). Initially, step counts increased by an average
of 930 (95% CI 547-1312; P<.001) steps per week, culminating in an average daily step count of 7658 (95% CI 6257-9059;
P<.001) at the end of week 3. During the remaining 9 weeks of the study, weekly step counts increased by an average of 67 (95%
CI −30 to 163; P<.001) steps per week, resulting in a final estimate of 8258 (95% CI 6933-9584; P<.001) steps.

Conclusions: Participants showed a marked improvement in daily step counts during the first 3 weeks of the study, followed
by more gradual improvement in the remaining 9 weeks. Physical activity data and step count recovery trajectories may be
considered surrogates for physiological recovery, although further research is needed to examine this relationship.

Trial Registration: ClinicalTrials.gov NCT04663945; https://tinyurl.com/2p969ced
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Introduction

Low physical functioning and physical inactivity are observed
among people who were hospitalized with severe COVID-19
[1,2]. Understanding how COVID-19–related hospitalization
and subsequent rehabilitation impacts postdischarge physical
activity trajectories may inform prognosis and care.

Few studies have detailed data on physical activity levels after
SARS-CoV-2 infection and hospitalization. A large-scale
population-based study found that those who previously reported
performing aerobic and muscle strengthening activities that met
or surpassed physical activity recommendations in the 2 years
prior to the COVID-19 pandemic had a lower risk of infection,
severe illness when infected, and COVID-19–related death [3].
Another longitudinal study found a link between persistent
symptoms and significantly decreased self-reported walking
times at 3 and 6 months after symptom onset when these walking
times were compared to preillness estimates [4].

Wearable fitness trackers, including smartwatches, enable
objective, continuous, long-term monitoring and have various
applications in health care settings, such as health monitoring
and medication adherence monitoring [5]. However, research
examining the use of wearables to monitor COVID-19 survivors’
physical activity over the course of recovery is limited. To our
knowledge, a study conducted by Hunter et al [1] is the only
study that has used smartwatches to assess step count changes
in COVID-19 survivors following critical care hospital
admission. They found that, on average, participants took 4359
steps per day in the first month after discharge and that their
average step counts increased by 37% between discharge and
3 months after hospitalization and by 82% at 1 year after
discharge when compared to baseline [1].

The AFTER (App-Facilitated Tele-Rehabilitation) program for
COVID-19 survivors was a pilot study that randomized
participants to either education and unstructured physical activity
or a telerehabilitation program following discharge for
COVID-19–related hospital admissions [6]. Step count data
were collected as a secondary outcome, which was specified a
priori as the change in average daily step counts from baseline
to 6 weeks. As reported in the primary trial paper, we found no
significant differences in total step count trajectories between
groups at 6 weeks [6]. Since little is known regarding step count
recovery after COVID-19 illness, we sought to further
investigate these data across the entire study period (12 weeks).
The purpose of this analysis was to examine step count
trajectories and correlates among all participants (combined
into a single group) across the entire study period. We
hypothesized that upon discharge, participants’ baseline step
counts would be below those of healthy adults, with continued
improvements observed across the 12-week study.

Methods

Data, Sample, and Outcome Measures
A detailed description of the AFTER study methods can be
found elsewhere [6]. Briefly, the AFTER trial randomized
participants (N=44) in a 2:1 ratio to either (1) one-on-one
sessions (n=12) of telerehabilitation that were delivered remotely
by a physical therapist (n=29) or (2) a comprehensive
educational handout that covered domains of COVID-19
recovery, including physical activity, sleep, and cognitive health
(n=15). Participants in the AFTER trial had SARS-CoV-2
confirmed via polymerase chain reaction testing, were aged ≥35
years, had a hospitalization that lasted for ≥24 hours, were within
6 weeks of hospital discharge, and had internet access. The
exclusion criteria were unstable medical comorbidities that
precluded exercise, current pregnancy, or concurrent physical
therapy during the study period. All participants received the
Fitbit Inspire 2 activity monitor (Fitbit LLC) and a Kindle Fire
tablet (Amazon Inc) with preloaded Fitbit software and the
Health in Motion app (Blue Marble Health), which provided
physical function testing, a health diary, education, and
exercises. Participants were instructed to wear the Fitbit on their
wrist at all times (except when charging). Research team
members checked the synced accounts and reminded participants
to wear their Fitbit during the physical therapy sessions
(experimental group) and weekly check-in calls (control group).
Participants were provided with the passwords for their
web-based accounts for activity monitoring; the research team
also had access to these accounts. Step counts were calculated
by using the standard Fitbit algorithm. Data from each
participant's Fitbit account were downloaded and used in the
data analysis.

The education and exercise components of the app were only
prescribed to the intervention group, although participants in
the control group could access educational modules and physical
function testing on their own.

Ethics Approval
The AFTER trial was approved by the University of Colorado
Institutional Review Board (reference number: COMIRB
20-2415) and registered on ClinicalTrials.gov (trial number:
NCT04663945).

Statistical Analysis
We analyzed all participants, who were combined into a single
group. Linear mixed models with random effects were used to
model daily steps over the number of study days. Models with
0, 1, and 2 inflection points were considered, and the final model
was selected based on the highest log-likelihood value. The
final model included a random intercept and random effects on
both the pre– and post–inflection point trajectories. All
participants with any synced Fitbit activity data were included.
Model robustness was evaluated by reviewing results after
excluding records with a daily step count beyond 2 SDs from
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the participants’ overall average. The adjustment variables
considered in the analysis included treatment group, sex, age,
and BMI. Baseline demographics and COVID-19 hospitalization
information were presented by treatment group and were
compared by using a chi-square test or the Mood median test,
as appropriate. All statistical analyses were performed in SAS
9.4 (SAS Institute Inc); we assumed a significance level of
P<.05, and there was no adjustment for multiple comparisons.
R software (R Foundation for Statistical Computing) was used
for all data cleaning, summary statistics, and graphics.

Results

Participants included 44 adults who enrolled between December
2, 2020, and July 2, 2021. Fitbit data were available for 41
participants, with a median of 78 (IQR 64-83) contributing days.
Table 1 presents participant characteristics.

The median age of participants was 53 (IQR 44-61) years, and
46% (19/41) were female. The median number of days that
participants spent in the hospital was 4 (IQR 2-8), and 22%
(9/41) of participants were admitted to the intensive care unit.
The average length of time between hospital discharge and
enrollment was 3.5 weeks. The median number of steps for the
cohort at baseline was 4928 (IQR 3083-7574).

Although there was substantial variation in baseline step counts
between and within individuals (Multimedia Appendix 1), in
general, participants showed a marked improvement in daily

step counts during the first 3 weeks, followed by more gradual
improvement in the remaining 9 weeks. Initially, step counts
increased by an average of 930 (95% CI 547-1312; P<.001)
steps per week, culminating in an average daily step count of
7658 (95% CI 6257-9059; P<.001) at the end of week 3. During
the remaining 9 weeks of the study, weekly step counts increased
by an average of 67 (95% CI −30 to 163; P<.17) steps per week,
resulting in a final estimate of 8258 (95% CI 6933-9584;
P<.001) daily steps (Figure 1). These results were minimally
impacted when low step count days (defined as 2 SDs below
the participants’ geometric mean) were removed from the
analysis.

Covariates that were considered potentially predictive of an
increase in daily steps over the 12-week study period were put
into a fully adjusted model, including sex, BMI, age, and
treatment group. Given substantial variation in steps, differences
between treatment groups and sex failed to reach statistical
significance. Participants in the control group had a higher
average daily step count (mean 866; 95% CI −932 to 2664;
P=.35) compared to that of the intervention arm. Female
participants had 1153 (95% CI −2887 to 581; P=.19) fewer
daily steps compared to those of male participants. On average,
older participants and those with a higher BMI had a lower daily
step count. For every 1-year increase in age, the daily step count
was lower by 67 (95% CI −159 to 25; P=.15) steps on average.
Similarly, for every 1-point increase in BMI, the average daily
step count was lower by 182 (95% CI −280 to −84; P<.001)
steps.

Table 1. Demographic information (by treatment arm) of participants with available Fitbit data.

P valueAll participants (N=41)Intervention group (n=27)Control group (n=14)

.7153 (44-61)53 (44-60)52 (45-60)Age (years), median (IQR)

.75Sex, n (%)

19 (46)13 (48)6 (43)Female

22 (54)14 (52)8 (57)Male

.9133 (28-38)33 (28-38)33 (27-40)BMI (kg/m2), median (IQR)

.36Race, n (%)

5 (12)4 (15)1 (7)Black or African American

24 (59)17 (63)7 (50)White

12 (29)6 (22)6 (43)Other or multiracial

.17Ethnicity, n (%)

12 (29)6 (22)6 (43)Hispanic or Latino

29 (71)21 (7)8 (57)Not Hispanic or Latino

.164 (2-8)4 (2-7)6 (3-8)Hospital stay (days), median (IQR)

.39Admitted into the hospital intensive care unit, n (%)

9 (22)7 (26)2 (14)Yes

32 (78)20 (74)12 (86)No

.09Steps in week 1

321Missing data, n

4928 (3083-7574)4412 (2274-6536)6492 (4000-7783)Number of steps, median (IQR)
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Figure 1. Step count estimates during the 12-week study period from a linear mixed model. Individual participant projections are shown in light grey,
and the population mean, with 95% CIs, is shown in blue. To compensate for different fitness levels, a linear mixed model with a random intercept and
random slopes before and after the inflection point was used.

Discussion

Principal Findings
This study demonstrates that the largest improvements in step
counts following recovery from COVID-19 occurred during the
first 3 weeks after study enrollment. Both the intervention group
and the control group demonstrated similar improvements in
step count recovery. Despite the fact that the control group did
not engage in any formal structured rehabilitation, the materials
(including handouts, devices, and an app with a health diary)
that were provided to the control group and the regular check-ins
with the study team may help to explain the similar
between-group results [7]. In the Hunter et al [1] study on the
recovery of COVID-19 survivors, participants indicated that
smartwatches motivated them to recover and increase their

physical activity levels. This is important, as the use of
smartwatches is a relatively low-cost, low-burden, and easily
implementable posthospital intervention.

Our study is among the first to report objective physical activity
data (step counts) from COVID-19 survivors. In the only other
study that we are aware of, Hunter et al [1] found that
individuals who were recovering from COVID-19 and were
admitted to a critical care unit had an average of 4359 (SD 3488)
steps per day in the first month after discharge and increased
their step counts to an average of 7914 (SD 4146) steps per day
at 1 year (P=.003) [1]. In our study, participants had a similar
median baseline step count of 4928 (IQR 3083-7574) at 1 week
after study enrollment (mean 3.5 weeks after hospital discharge),
which is below the targets for healthy adults (around
8000-10,000 daily steps) [8]. Our participants’ average daily
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step count was 7658 at 3 weeks after study enrollment, which
is very similar to the 1-year follow-up estimates (mean 7914,
SD 4146 steps) reported by Hunter et al [1], suggesting that the
baseline level of activity may be achieved relatively quickly
and maintained over the subsequent year. Like our study, Hunter
et al [1] included an interventional component in which a
subgroup of the cohort had their smartwatch data reviewed
monthly by a multidisciplinary team, and rehabilitation goals
were remotely communicated to the patients. This may have
influenced step count recovery estimates for the overall cohort.
An important distinction to note is that our study population
was not restricted to patients who were admitted to the hospital
and required critical care and ventilation [1]. Therefore, it is
possible that the step count recovery in our study was
accelerated in comparison and was more representative of a
general population of individuals recovering after hospital
discharge.

A limitation of our data set is that we do not have metrics
regarding wear time for those who had Fitbit devices; thus, our

daily average step counts may not reflect true activity and may
have been underestimated. Moreover, this trial occurred at a
single center in Colorado; therefore, our results are most
generalizable to similar populations. Finally, our sample is
small, and a 12-week follow-up is considered short-term.
However, given that this is the first study to report post–hospital
discharge step count data from a heterogeneous group of
COVID-19 survivors, we believe that our results are noteworthy.

Conclusion
Our findings, in combination with prior studies, suggest that
physical activity data and step count recovery trajectories may
be considered surrogates for physiological recovery, although
further research is needed. Further, while activity trajectories
may differ based on the presence or absence of post–COVID-19
conditions, monitoring changes over time can provide
immediate, objective feedback to patients and support
patient-specific goals in the return to prior levels of function
following a hospitalization.
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References

1. Hunter A, Leckie T, Coe O, Hardy B, Fitzpatrick D, Gonçalves AC, et al. Using smartwatches to observe changes in activity
during recovery from critical illness following COVID-19 critical care admission: 1-year, multicenter observational study.
JMIR Rehabil Assist Technol 2022 May 02;9(2):e25494 [FREE Full text] [doi: 10.2196/25494] [Medline: 35417402]

2. Belli S, Balbi B, Prince I, Cattaneo D, Masocco F, Zaccaria S, et al. Low physical functioning and impaired performance
of activities of daily life in COVID-19 patients who survived hospitalisation. Eur Respir J 2020 Oct 15;56(4):2002096
[FREE Full text] [doi: 10.1183/13993003.02096-2020] [Medline: 32764112]

3. Lee SW, Lee J, Moon SY, Jin HY, Yang JM, Ogino S, et al. Physical activity and the risk of SARS-CoV-2 infection, severe
COVID-19 illness and COVID-19 related mortality in South Korea: a nationwide cohort study. Br J Sports Med 2022
Aug;56(16):901-912 [FREE Full text] [doi: 10.1136/bjsports-2021-104203] [Medline: 34301715]

4. Delbressine JM, Machado FVC, Goërtz YMJ, Van Herck M, Meys R, Houben-Wilke S, et al. The impact of post-COVID-19
syndrome on self-reported physical activity. Int J Environ Res Public Health 2021 Jun 03;18(11):6017 [FREE Full text]
[doi: 10.3390/ijerph18116017] [Medline: 34205086]

JMIR Rehabil Assist Technol 2023 | vol. 10 | e43436 | p. 5https://rehab.jmir.org/2023/1/e43436
(page number not for citation purposes)

Churchill et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=rehab_v10i1e43436_app1.docx&filename=d9b36fcbb2be3ad0491b2e5e607530db.docx
https://jmir.org/api/download?alt_name=rehab_v10i1e43436_app1.docx&filename=d9b36fcbb2be3ad0491b2e5e607530db.docx
https://rehab.jmir.org/2022/2/e25494/
http://dx.doi.org/10.2196/25494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35417402&dopt=Abstract
http://erj.ersjournals.com/lookup/pmidlookup?view=long&pmid=32764112
http://dx.doi.org/10.1183/13993003.02096-2020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32764112&dopt=Abstract
https://europepmc.org/abstract/MED/34301715
http://dx.doi.org/10.1136/bjsports-2021-104203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34301715&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18116017
http://dx.doi.org/10.3390/ijerph18116017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34205086&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Lu TC, Fu CM, Ma MHM, Fang CC, Turner AM. Healthcare applications of smart watches. A systematic review. Appl
Clin Inform 2016 Sep 14;7(3):850-869 [FREE Full text] [doi: 10.4338/ACI-2016-03-R-0042] [Medline: 27623763]

6. Capin JJ, Jolley SE, Morrow M, Connors M, Hare K, MaWhinney S, et al. Safety, feasibility and initial efficacy of an
app-facilitated telerehabilitation (AFTER) programme for COVID-19 survivors: a pilot randomised study. BMJ Open 2022
Jul 26;12(7):e061285 [FREE Full text] [doi: 10.1136/bmjopen-2022-061285] [Medline: 35882451]

7. McCambridge J, Witton J, Elbourne DR. Systematic review of the Hawthorne effect: new concepts are needed to study
research participation effects. J Clin Epidemiol 2014 Mar;67(3):267-277 [FREE Full text] [doi: 10.1016/j.jclinepi.2013.08.015]
[Medline: 24275499]

8. Tudor-Locke C, Craig CL, Brown WJ, Clemes SA, De Cocker K, Giles-Corti B, et al. How many steps/day are enough?
For adults. Int J Behav Nutr Phys Act 2011 Jul 28;8:79 [FREE Full text] [doi: 10.1186/1479-5868-8-79] [Medline: 21798015]

Abbreviations
AFTER: App-Facilitated Tele-Rehabilitation

Edited by T Leung, L Sheehy; submitted 14.10.22; peer-reviewed by D White, V Oliveira; comments to author 26.01.23; revised version
received 15.02.23; accepted 23.02.23; published 20.03.23

Please cite as:
Churchill L, Morrow M, Capin JJ, Jolley SE, Hare K, MaWhinney S, Stevens-Lapsley JE, Erlandson KM
Using Wearable Technology to Quantify Physical Activity Recovery: Secondary Report From the AFTER (App-Facilitated
Tele-Rehabilitation) Program for COVID-19 Survivors Randomized Study
JMIR Rehabil Assist Technol 2023;10:e43436
URL: https://rehab.jmir.org/2023/1/e43436
doi: 10.2196/43436
PMID: 36939818

©Laura Churchill, Mary Morrow, Jacob J Capin, Sarah E Jolley, Kristine Hare, Samantha MaWhinney, Jennifer E Stevens-Lapsley,
Kristine M Erlandson. Originally published in JMIR Rehabilitation and Assistive Technology (https://rehab.jmir.org), 20.03.2023.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Rehabilitation and Assistive Technology, is properly cited. The complete
bibliographic information, a link to the original publication on https://rehab.jmir.org/, as well as this copyright and license
information must be included.

JMIR Rehabil Assist Technol 2023 | vol. 10 | e43436 | p. 6https://rehab.jmir.org/2023/1/e43436
(page number not for citation purposes)

Churchill et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

https://europepmc.org/abstract/MED/27623763
http://dx.doi.org/10.4338/ACI-2016-03-R-0042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27623763&dopt=Abstract
https://bmjopen.bmj.com/content/bmjopen/12/7/e061285.full.pdf
http://dx.doi.org/10.1136/bmjopen-2022-061285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35882451&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(13)00354-5
http://dx.doi.org/10.1016/j.jclinepi.2013.08.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24275499&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3197470/pdf/1479-5868-8-79.pdf
http://dx.doi.org/10.1186/1479-5868-8-79
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21798015&dopt=Abstract
https://rehab.jmir.org/2023/1/e43436
http://dx.doi.org/10.2196/43436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36939818&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

