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Abstract

Background: Regular engagement in exercise is associated with a multitude of physical and mental health benefits. In view of
the technical progress, the ageing society and the recent public life restrictions during the COVID-19 pandemic, the delivery of
interventions using digital devices has become highly popular. This systematic review with meta-analysis examined the effects of
online exercise programs on physical activity (PA), motor performance, and mental health.

Objective: To examine the effects of online exercise programs on physical activity (PA), motor performance, and mental health.

Methods: A systematic literature search was performed using PubMed, Cochrane and Google Scholar. Randomized, controlled
trials assessing the effects of online exercise (OE) vs. no exercise (NEX) or face-to-face exercise (FFE) in healthy adults were
included.  Effect sizes (standardized mean difference/SMD) were pooled using robust variance estimation and the certainty about
the evidence was rated by means of the GRADE criteria.

Results: A total of 18 articles with moderate to high methodological quality (8/11 points on the PEDro scale) were identified.
OE was superior to NEX regarding strength (SMD=0.61), balance (SMD=0.52), endurance (SMD=0.85), PA (SMD=0.46),
depression (SMD=1.08), mood/emotion (SMD=0.47), mental wellbeing (SMD=0.79), and self-efficacy (SMD=1.1). Compared
to FFE, OE was non-inferior for all tested outcomes. The certainty about the evidence was low to moderate.

Conclusions: OE represents an effective strategy to improve PA, physical function and mental health in healthy adults.
However, in view of the partly limited certainty about the evidence, additional well-designed studies are warranted to further
delineate the value of OE. Clinical Trial: PROSPERO registration number: CRD42022338871

(JMIR Preprints 29/07/2024:64856)
DOI: https://doi.org/10.2196/preprints.64856
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Abstract

Background: Regular engagement in exercise is associated with a multitude of physical and mental health benefits. In

view of the technical progress, the ageing society and the recent public life restrictions during the COVID-19 pandemic,

the delivery of interventions using digital devices has become highly popular. This systematic review with meta-analysis

examined the effects of online exercise programs on physical activity (PA), motor performance, and mental health.

Objective: To examine the effects of  online exercise programs on physical  activity (PA),  motor performance, and

mental health.

Methods: A systematic literature search was performed using PubMed, Cochrane and Google Scholar. Randomized,

controlled trials assessing the effects of online exercise (OE) vs. no exercise (NEX) or face-to-face exercise (FFE) in

healthy adults  were  included.   Effect  sizes  (standardized  mean difference/SMD) were pooled using robust  variance

estimation and the certainty about the evidence was rated by means of the GRADE criteria.

Results: A total of 18 articles with moderate to high methodological quality (8/11 points on the PEDro scale) were

identified. OE was superior to NEX regarding strength (SMD=0.61), balance (SMD=0.52), endurance (SMD=0.85), PA

(SMD=0.46),  depression (SMD=1.08),  mood/emotion (SMD=0.47),  mental  wellbeing (SMD=0.79),  and self-efficacy

(SMD=1.1). Compared to FFE, OE was non-inferior for all tested outcomes. The certainty about the evidence was low to

moderate.

Conclusion: OE represents an effective strategy to improve PA, physical function and mental health in healthy adults.

However, in view of the partly limited certainty about the evidence, additional well-designed studies are warranted to

further delineate the value of OE. 

PROSPERO registration number: CRD42022338871

Keywords: Online physical activity, motor performance, mental health.

Introduction

Physical Activity (PA) has been demonstrated to represent a significant contributor to health1. Irrespective of the type of

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]
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PA,  its  advantages  are  unanimously  agreed  upon as  regular  movement  has  been  shown to  decrease  morbidity  and

improve  prognoses  in  relation  to  a  wide  variety  of  pathologies2,3.  Regular  PA is,  furthermore,  linked  to  improved

psychological  wellbeing4,5  and a lower incidence of mental  disorders6.  In  recent years,  however,  the increasing time

demands placed on the average individual have posed a definite threat to the ability to achieve the recommended levels

of PA7. This is of utmost importance because sedentary lifestyle habits are a risk factor of major non-communicable

diseases, such as diabetes, obesity, and hypertension8-10 as well as of mental health conditions such as, depression and

anxiety11. 

In view of the pivotal role of PA, the availability of exercise offers (e.g. gyms, sports clubs, public exercise facilities) is

central to maintain public health. Yet, as the hallmark of the demographic change, the number of older people is expected

to more than double within the next 25 years12, meaning that more and more seniors with co-morbidities will require

attention, supervision, and treatment. Of note, PA decreases with increasing age, which reflects a pressing need for novel

and easily accessible PA platforms13. Further to this, there has been a shift towards individualisation in both, the society

and healthcare14,15. All these issues highlight that exercise interventions be tailored according to the preferences of the

indivual15,16. 

The onset of the SARS CoV-2 pandemic has been another accelerator to the development of digital exercise offers. The

global population was denied access to exercise establishments in an attempt to curb the spread of the virus 17, which

inadvertently forced otherwise physically active people into a state of inactivity18,19.  This created a large demand for

online  programs,  that  were  user-friendly,  effective  and,  most  importantly,  allowed  individuals  from various  fitness

backgrounds to remain physically active without increasing the risk for  contracting SARS CoV-220.  Online exercise

programs have included simple pedometer tracking software, PA support forums, home exercise guidelines, PA reporting

logs, structured virtual exercise platforms, and live-streamed workouts21. Alike programs have remained popular even

though pandemic-related restrictions have been lifted. As vaccinations have formed a foundation for infection control, the

virus continues to mutate, leaving room for future outbreaks that cannot be controlled without adjustments to the current

vaccines, which may still require the need for social distancing in the future22,23. Hence the necessity for efficient online

exercise programs remains relevant.  

Two previous systematic reviews21,24 found beneficial effects of online PA programs on a variety of outcomes. However,

more  than  10 years  have  passed  since  their  publication.  Furthermore,  these  articles  either  did  not  include  a  meta-

analysis21, combined healthy and diseased individuals21,24, or did not report on possible changes in mental health21,24. This

systematic review aimed to provide an up-to-date insight into the collective effectiveness of structured online exercise

programs on PA, motor function and mental health.

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]
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Methods

We performed a systematic review with meta-analysis summarizing the effects of digital online exercise (OE) vs. no

exercise (NEX) or conventional face-to-face exercise (FFE). Outcomes included markers of PA, physical function and

mental health. The review protocol was prospectively registered in the PROSPERO database (CRD42022338871). 

Date Sources and Source Strategy

Two independent investigators performed a systematic literature search using PubMed, Cochrane library, and Google

Scholar. The search term was: “(exercise OR "PA") AND (internet* OR online* OR web* OR e-health OR digital OR

tele* OR virtual) AND home*”. Searches were limited to articles published from 1 January 2000. This range was chosen

due the lack of suitable online technologies prior to 2000. In addition to database searches, the reference lists of all

included studies were checked to identify further potentially eligible articles25.

Eligibility Criteria

Studies were considered eligible for inclusion based on the following criteria; (1) randomized, controlled trial (RCT)

design; (2) OE intervention with a duration of at least 4 weeks, (3) recruitment of healthy adults, (4) measurement of PA,

motor performance and/or mental health surrogates; (5) publication in English language.

Study Quality, Risk of Bias and Certainty about the Evidence

Study quality was evaluated by means of the PEDro scale26,27. Two examiners independently rated each study and in case

of disagreement, meetings were held to achieve consensus28. For the identification of a potential reporting bias, we used

visual inspection of funnel plots. To classify the certainty about the evidence as very low, low, moderate, or high, the

criteria  of  the GRADE working group were  applied29.  Briefly,  the  evaluation  starts  with  the  assumption of  a  high

certainty about the evidence due to the RCT design. The GRADE framework then suggests adjusting the certainty as

follows: in case of risk of bias, imprecision, inconsistency of results, indirectness of the evidence, or publication bias, one

point is subtracted for each weakness. In contrast, a large-magnitude of the effect or a dose-response gradient lead to an

upgrade of the certainty rating29.

Data Extraction 

We extracted the following data: sample size, participant characteristics, interventions, measurements, and results (pre–

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]
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post changes plus standard deviations of each intervention arm). The primary outcomes of the meta-analysis were PA,

motor function (strength, endurance, balance, flexibility, gait, body composition) and mental health (depression, anxiety,

mood/emotion, psychological well-being, sleep, self-efficacy). If a study performed more than one test assessing the

same outcome, all effect sizes (ES) were obtained.

Data Processing and Statistical Analysis

For each trial arm, we extracted the mean baseline and postintervention values, pre-post changes, and the related standard

deviations (SD). In case of incomplete reporting (i.e., missing SDs of the changes from baseline), the corresponding

authors  of  the trials were contacted. If no values  could be obtained, missing data were determined from figures or

imputed  according  to  Cochrane  recommendations:  SDchange = √(SD2
baseline + SD2

postintervention)–(2 × Corr × SDbaseline × 

SDpostintervention),where Corr = 0.7. The value chosen for Corr represents a conservative estimate of the correlation between

the baseline and post-treatment SDs30. 

Robust variance estimation random31 was used to pool the standardized mean differences (SMD) and 95% confidence

intervals for OE vs. NEX as well as OE vs. FFE. Dependency of ES was considered by nesting the term ‘study’ as a

random factor  in  the  model.  The  between-study variance  component  was  determined  by  means  of  Tau2,  using  the

method-of-moments estimate; for within-study variance (more than one dependent effect size), ω 2 was calculated32. We

interpreted resulting ES as follows: small (SMD = 0.2), medium (SMD = 0.5) or large (SMD = 0.8) [40]. The employed

software was R (R Foundation for Statistical Computing, Vienna, Austria), packages meta (G Schwarzer) and robumeta

(version 2.0)33.

Results

The initial database searches yielded a total of n=6335 articles (Figure 1). After removal of duplicates and application of

inclusion criteria, n=18 studies were included. 

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]
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Figure 1: Flow of the literature search
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Study Characteristics

The characteristics of the 18 included studies, which included a total of n=3531 cumulative participants, are

displayed in Table 1. Half (n=9) of the studies had participants that were older than 65 years, the remaining half

(n=9) examined young or middle-aged adults. Five studies compared OE to FFE, while 12 investigated OE vs.

NEX, and one compared OE to both FFE and NEX. Motor performance outcomes were assessed in 11 studies,

PA was measured in 5 studies, and mental health was examined in 8 studies. The mean (SD) duration of the OE

interventions was 12.5 (10.34) weeks and the mean (SD) training frequency was 2.7 (1.94) sessions per week.

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]
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Table 1. Study Characteristics
Study Sample Intervention Outcomes

Baez et al [2017] n= 37 (27 W, 9 M) 71±6 years Group 1:  online  personalised program with social  environment
for group exercising,
messaging and persuasion features, 2x30-40min/week, 8 weeks.
Group 2: home-based program, no social or individual persuasion
features, 2x30-40min/week, 8 weeks.

Strength,  Gait  Speed,
Mood/Emotion

Beauchamp et al [2021] n=241 (187 W, 54 M) 73± 5 years Group  1:  live-streaming,  group  sessions  with  a  trainer,  social
breakout  groups,  50-60min/session  for  at  least  3xweekly,  12
weeks
Group 2: live-streaming, individual sessions with a trainer,  50-
60min/session for at least 3xweekly, 12 weeks
Group 3: no exercise for 12 weeks, access to program at the end
of 12 weeks

Depression, Mental Wellness

Chang et al [2022] n=73 (56 W, 17 M) 70 ± 5 years Group 1: live-streaming exercise, 70-90min/session, 8 weeks
Group 2: no exercise for 8 weeks

Strength,  Endurance,  Balance,
Flexibility

Dekker-van  Weering  et
al [2017]

n= 36 (INT=12 W, 9 M) 71±4 years
(CON=10 W, 5 M) 69±4 years

Group 1: live-streaming exercise, 3x30min/week, 12 weeks
Group 2: no exercise for 12 weeks

Mental Wellness

Hartman et al [2017] n=205 (INT=104 W) 39±11 years
(CON=101 W) 40±10 years

Group 1: accelerometer tracks PA, combined with goal setting,
motivational messaging, 6 months
Group 2: received general health tips such diet etc, no PA advice,
6 months

Physical Activity

Jennings et al [2020] n=1048 (INT=247M, 31 W) 75±7 years
(CON=700 M, 70 W) 74±7 years

Group 1: live-streaming therapist led exercise, 1-9 sessions/week,
5 weeks
Group 2: no exercise for 5 weeks

Strength, Gait Speed

Kikuchi et al [2021] n=34 (INT=12 M, 11 W) 45±16 years
(CON=3M, 8 W) 39±10 years

Group 1: live-streaming, 2x60min/week, 8 weeks
Group 2: face-to-face, 2x60min/week, 8 weeks

Strength, Blood Pressure

Langeard et al [2022] n=41 (OE=10 W, 3 M) 73±4 years
(FFE=9 W, 6M) 72±4 years

(CON= 8 W, 5 M) 74±4 years

Group 1: live-streaming with trainer, 2x60min/week, 16 weeks
Group 2: face-to-face with same trainer, 2x60min/week, 16 weeks
Group 3: no exercise for 16 weeks

Strength, Endurance, Body Fat

Marcus et al [2007] n=249 (OES=68 W, 14 M) 46±9 years
(OET=66 W, 15 M) 45±9 years
(FFE=72 W, 14 M) 45±10 years

Group 1: online PA material with PA logs only
Group  2:  online  PA  material  with  PA  logs,  goal  setting,
motivational messaging and personalised feedback
Group  3:  face-to-face  PA material  with  PA logs,  goal  setting,
motivational messaging and personalised feedback

Endurance

Marcus et al [2016] n=205 (INT=104 W) 39±11 years
(CON=101 W) 40±10 years

Group  1:  online  PA  material,  combined  with  goal  setting,
motivational messaging, 6 months
Group  2:  received  general  health  tips  such  diet  etc,  no  PA
material, 6 months

Physical  Activity,  Depression,
Mood/Emotion, Self-Efficacy

Napolitano et al [2003] n=65 (9 M, 56 W) 43±10 years Group1:  online  PA material  including  weekly  health  and  PA
related tip sheets, 12 weeks
Group 2: no exercise for 12 weeks 

Physical Activity

Pressler et al [2010] n=105 (12 W, 93 M) median age 48
(range 25-60) years

Group 1: online structured exercise, 3x30-70min/week, 12 weeks
Group 2: online unstructured exercise, no schedule, no specified
sessions/week, 12 weeks

Endurance, Blood Pressure, Body
Fat

Tekin & Cetisli-Korkmaz
[2022]

n=255 (INT=72 M, 60 W) 68±4 years
(CON=66 M, 57 W) 70±5 years

Group  1:  online  recorded  videos,  5days/week,  participants
recorded themselves doing exercise and forwarded to researchers,
4 weeks
Group 2: no exercise for 4 weeks

Strength,  Balance,  Gait  Speed,
Depression, Self-Efficacy

Waden  &  Cartwright
[2022]

n=34 (INT=17 W) 43±11 years
(CON=14 W, 3 M) 42±10 years

Group 1: live-streaming yoga program, 2-3x50min/week, 6 weeks
Group  2:  no  exercise  for  6  weeks,  access  to  exercises  post
intervention

Depression,  Anxiety,
Mood/Emotion, Mental Wellness,
Self-Efficacy

Wilke et al [2022] n=763 (237 M, 523 W, 2 D, 1 U) 33±13
years

Group  1:  live-streaming  synchronous  exercise  program,  with
trainer, according to schedule, 30-60 min/session, 5 days/week, 4
weeks, recorded sessions 4 weeks post intervention
Group 2: no exercise for 4 weeks, access to recorded sessions 4
weeks post intervention

Physical Activity, Anxiety, Mood/
Emotion, Mental Wellness, Sleep

Wu et al [2022] n=80 (34 W, 46 M) 23±3 years Group 1: live-streaming exercise, 3x30min/week, 4 weeks
Group 2: no exercise for 4 weeks

Endurance, Mood/Emotion, Sleep

Yi & Yim [2021] n=70 (INT=8 M, 27 W) 76±6 years
(CON=4 M, 31 W) 77±6 years

Group 1: live-streaming exercise, 2x40min/week, 8 weeks
Group 2: no exercise for 8 weeks

Strength,  Endurance,  Balance,
Gait Speed

Zengin  Alpozgen  et  al
[2022]

n=30 (INT=10 W, 5 M) 67±4 years
(CON=7 W, 8 M) 69±6 years

Group 1: live-streaming sessions with trainer, 3x40-45min/week,
6 weeks
Group 2: no exercise for 6 weeks, access to program at the end of
6 weeks

Strength,  Endurance,  Balance,
Flexibility, Physical Activity

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]
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INT=intervention, CON=control, M=men, W=women, D=diverse, U=unspecified, OE=online exercise, FFE=face-to-face exercise, OES=online

exercise standard, OET=online exercise tailored

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]
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Study Quality and Risk of Reporting Bias

Ratings on the PEDro scale ranged from 3 to 11 with a mean of 8.1±2.3 out of 11 points (Table 2). 

All studies reported between group statistical analyses for at least one key outcome measure. Almost all (94%,

n=17) articles provided clear eligibility criteria; had intervention and control groups that were similar at baseline

with regards to key prognostic  indicators;  and reported point  and variability measures for at  least  one key

outcome measure. A clear majority (83%, n=15) used randomised groups allocation whilst, 78% (n=14) ensured

concealed  group  allocations.  A slightly  smaller  share  (72%,  n=13)  reported  all  participants  receiving  the

intended intervention and the use of intention to treat in cases where participants did not receive the intended

interventions;  and reported outcome measures for  at  least  85% of the initial  group allocations.  In terms of

blinding, 61% (n=11) of the studies reported participant blinding, 44% (n=8) indicated assessor blinding, and

only 17% (n=3) stipulated therapist blinding. 

Visual inspection of funnel plots yielded indications for a reporting bias regarding strength measures in OE vs.

FFE and for mood/emotion in OE vs. NEX.

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]
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Table 2. PEDro scores of the included studies
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Eligibility criteria specified 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
Random group allocation 1 1 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1
Allocation concealed 1 1 0 1 1 0 0 1 1 1 1 1 1 0 1 1 1 1
Groups  similar  at  baseline
regarding  most  important
prognostic indicators

1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1

Participant blinding 1 1 1 0 1 0 0 1 1 1 1 1 1 0 1 0 0 0
Therapist blinding 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
Assessor blinding 1 1 0 0 1 0 0 1 0 1 0 0 1 0 1 0 0 1
Measures  of  at  least  one
outcome  obtained  from  >85%
of participants 

1 1 0 1 1 0 0 1 1 0 1 1 0 1 1 1 1 1

All  participants  received
treatment  or  control  as
allocated  or  data  for  >1
outcome  analysed  intention  to
treat

1 1 1 1 1 0 0 1 1 1 1 0 1 0 1 1 0 1

Results  of  between-group
comparisons  reported  for  >1
outcome

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Point  measures  and  measures
of variability for >1 outcome

1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1

TOTAL PEDro Score 10 11 6 8 10 3 3 11 9 10 8 8 9 6 10 8 7 9

1=Yes, 0=No
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Meta-analysis

Compared to NEX (Table 3), OE had a beneficial effect on measures of strength (SMD=0.61, 95% CI=0.06 to

1.15,  p=0.04,  moderate  certainty  about  the  evidence),  balance  (SMD=0.52,  95% CI=0.06  to  0.99,  p=0.04,

moderate certainty), endurance (SMD=0.85, 95% CI=-0.01 to 1.70, p=0.05, low certainty) and physical activity

(SMD=0.46,  95%  CI=0.05  to  0.87,  p=0.04,  moderate  certainty).  No  difference  was  found  for  gait  speed

(moderate certainty) and flexibility (low certainty). 

Table 3. Effects of online exercise vs. inactive control on markers of motor performance and physical activity
Outcome Studies (ES) SMD (95% CI) p value Tau2/Omega2

Strength 5 (12) 0.61 (0.06 to 1.15) 0.04 0.14/0
Endurance 5 (6) 0.85 (-0.01 to 1.70) 0.05 0.32/0
Balance 4 (9) 0.52 (0.06 to 0.99) 0.04 0.13/0
Gait 2 (3) 0.26 (-2.23 to 2.75) 0.41 0.03/0
Flexibility 2 (4) 0.74 (-6.32 to 7.80) 0.41 0.53/0
Physical Activity 5 (7) 0.46 (0.05 to 0.87) 0.04 0.07/0

ES=effect sizes, SMD=standardised mean difference, CI=confidence interval

With regard to mental health outcomes (Table 4), OE was superior to NEX for depression (SMD=1.08, 95% CI -

0.01  to  2.16,  p=0.05,  moderate  certainty),  mood/emotion  (SMD=0.47,  95% CI=0.05  to  0.90,  p=0.04,  low

certainty), mental wellbeing (SMD=0.79, 95% CI=0.06 to 1.52, p=0.05, moderate certainty), and self-efficacy

(SMD=1.1,  95% CI=1.03  to  1.17,  p=0.06,  moderate certainty).  No effect  was found for  anxiety and  sleep

(p>0.05, moderate certainty).

Table 4. Effects of online exercise vs. inactive control on markers of mental health 
Outcome Studies (ES) SMD (95% CI) p value Tau2/Omega2

Depression 4 (5) 1.08 (-0.01 to 2.16) 0.05 0.07/0.4
Anxiety 2 (2) 0.20 (-3.19 to 3.59) 0.59 0.10/0
Mood/Emotion 5 (10) 0.47 (0.05 to 0.90) 0.04 0.08/0
Mental Wellbeing 4 (5) 0.79 (0.06 to 1.52) 0.04 0/1.4
Sleep 2 (3) -0.26 (-2.57 to 2.06) 0.40 0.05/0
Self-Efficacy 3 (3) 1.1 (1.03 to 1.17) 0.06 0/0

ES=effect sizes, SMD=standardised mean difference, CI=confidence interval

Regarding OE vs. FFE (Table 5),  no difference was found for most measures (strength: very low certainty,

endurance: moderate certainty, body fat: low certainty). However, gait speed improved more in OE (SMD=0.25,

95% CI=0.24 to 0.26, p=0.002, moderate certainty).

Table  5. Effects  of  online  exercise  vs.  face-to-face  exercise  on  markers  of  motor  performance  and  body
composition

Outcome Studies (ES) SMD (95% CI) p value Tau2/Omega2

Strength 4 (14) -0.20 (-0.84 to 0.45) 0.41 0.13/0
Endurance 3 (4) -0.04 (-0.34 to 0.27) 0.66 0/0
Gait Speed 2 (2) 0.25 (0.24 to 0.26) 0.002 0/0
Body Fat 2 (2) -0.07 (-4.87 to 4.73) 0.88    0.18/0

ES=effect sizes, SMD=standardised mean difference, CI=confidence interval
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Discussion

The manifold benefits of exercise have been repeatedly presented in the literature1,2. Recently, there has been a

shift  towards  the  use  of  online  platforms aiming to  provide  easily  accessible  exercise  opportunities  to  the

general  population21,24.  To the best  of our knowledge, this article is the most comprehensive and up-to-date

quantitative summary of the available evidence. We show that OE is non-inferior to FFE and superior to NEX in

a variety of measures of physical function, mental health, and PA. 

Regarding  motor  performance,  OE  induced  moderate-to-large  improvements  in  strength,  endurance,  and

balance, which accords with data from older reviews21,24 In contrast, gait speed and flexibility did not change.

This may be related to a lack of power as both outcomes were investigated in only two studies. For mental

health outcomes, the very large positive effects on depression (SMD: 1.08) and self-efficacy (SMD: 1.1) were

striking. A beneficial impact, although of smaller magnitude, was also observed for mood/emotion and mental

wellbeing. While the sizable effects of OE on most psychological outcomes are in line with studies examining

face-to-face exercise34,35, the lack of a change in anxiety is a bit surprising because anxiety had been reported to

improve in response to conventional exercise36. Again, the non-significant effect size may be due to the small

number of studies (n=2).

Our results have implications for clinical practice. It would be reasonable to assume that exercise performed

face-to-face would be the most effective way to improve health and performance. Yet, as we demonstrated non-

inferiority of OE, the selection of the exercise mode may be left to the individual preference. Half of the studies

reviewed (n=9) utilised older  participants  (>65 years).  This is  noteworthy because the projected change in

demographics leaves older individuals at a higher risk for decreased PA13. Online PA interventions have the

potential to provide these elderly persons with a safe, effective and accessible PA opportunity. As much as there

is the limitation of digital literacy37, research suggests that this limitation is improving.37, hence, as the years

unfold,  the use of online PA interventions may become more beneficial  and used in the older population 39.

Online exercise may also be of particular interest in rural areas where public PA infrastructure (e.g., availability

of sports clubs, or gyms) is limited40. As the share of users with internet access is increasing steadily around the

globe41, OE may be of help in the fight against the pandemic of inactivity. Finally, OE can also help to reduce

the direct costs of exercise as streamed contents would theoretically be available to an unlimited number of

individuals rather than being limited to those who can afford memberships in face-to-face PA facilities42. 

However, some caveats also require consideration. A large benefit of FFE is that coaches have a 3D view on
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exercising individuals which allows for an easier correction and monitoring of movement execution. While this

is less a concern for healthy individuals, it may become relevant for elderly or diseased persons43,44. Another

issue relates to inter-personal factors as sports and exercise cannot be reduced to their direct physical effects.

When exercising in a group, social interaction can increase motivation or build friendships that could be of

value in other aspects of life45,46. 

A particular strength of our review is that we only included RCTs, as this study type is viewed to be the most

valid in the assessment of intervention effectiveness47. In addition, the mean PEDro score of 8.1 indicates a good

overall quality, which adds to the validity of the findings. Notwithstanding, in about one third of the outcomes,

the certainty about the evidence was low which was probably due to the small number of studies resulting in

large confidence  intervals,  reporting bias  and heterogeneity.  We therefore reinforce  the need  for  additional

studies to fully gauge the long-term effects of OE48-50. This particularly applies because some of the studies

included in our review were conducted during the SARS-CoV-2 pandemic and it is unknown how the specific

conditions affected the overall result of the meta-analysis. It is imperative that more studies are conducted in a

less volatile period to observe unbiased effects in relation to the everyday lives of individuals 51.  Finally, to

reduce  heterogeneity,  we  limited  inclusions  to  studies  with  healthy  participants.  Further  investigations  are

required to report specifically on the effectiveness and safety of OE in unhealthy participants.

Conclusion

There is mostly moderate certainty-evidence that OE improves PA, motor performance, and mental health when

compared to NEX. In addition, OE seems non-inferior to FFE. However, additional studies including larger

sample sizes, longer study durations and long-term follow-up measurements are warranted in order to better

delineate the benefits of OE interventions.

Declarations

Competing Interests None 

Contributors JW was responsible for study design. AKB and JW were responsible for data collection and data

analysis. AKB created the initial manuscript, which was read, revised and approved for submission by JW and

JDP. 

Acknowledgements None

Funding None

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Bhundoo et al

Ethical Approval Approved by the Durban University of Technology Institutional Research Ethics Committee

(IREC 090/20) 

Data Sharing Statement Data can be obtained from the corresponding author

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Bhundoo et al

References
1. Warburton  DE,  Nicol  CW,  Bredin  SS.  Health  benefits  of  physical  activity:  the  evidence.  Cmaj.

2006;174(6):801-9.https://doi:10.1503/cmaj.051351

2. Bendíková E. Lifestyle, physical and sports education and health benefits of physical activity.  European

researcher. 2014; (2-2):343-8. https://doi.org/10.13187/issn.2219-8229 

3. McKinney J,  Lithwick DJ,  Morrison BN, Nazzari  H,  Isserow SH, Heilbron B,  Krahn AD.  The health

benefits  of  physical  activity  and  cardiorespiratory  fitness.  British  Columbia  Medical  Journal.  2016;

58(3):131-7. BCMJ_Vol58_No3_web.indd

4. Brymer E, Davids K. Designing environments to enhance physical and psychological benefits of physical

activity: a multidisciplinary perspective. Sports Medicine. 2016; 46:925-6. https://doi:10.1007/s40279-016-

0535-8

5. Cekin R. Psychological Benefits of Regular Physical Activity: Evidence from Emerging Adults. Universal

Journal of Educational Research. 2015; 3(10):710-7. https://doi:10.13189/ujer.2015.031008

6. Schuch FB, Vancampfort D. Physical activity, exercise, and mental disorders: it is time to move on. Trends

Psychiatry Psychother. 2021; 43(3):177-184. https://doi.org/10.47626/2237-6089-2021-0237  

7. Abdel Hadi S, Mojzisch A, Parker SL, Häusser JA. Experimental evidence for the effects of job demands

and  job  control  on  physical  activity  after  work.  Journal  of  Experimental  Psychology:  Applied.  2021;

27(1):125. http://dx.doi.org/10.1037/xap0000333

8. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect of physical inactivity on major

non-communicable diseases worldwide: an analysis of burden of disease and life expectancy. The Lancet.

2012; 380(9838):219-29. https://doi.org/10.1016/S0140-6736(12)61031-9 

9. Warburton  DER,  Bredin  SSD.  Health  benefits  of  physical  activity:  a  systematic  review  of  current

systematic  reviews.  Curr  Opin  Cardiology.  2017;  32:541–56.  https://doi.org/

1  0.1097/HCO.0000000000000437   

10. Kohl HW, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G, Kahlmeier S. The pandemic of

physical  inactivity:  global  action  for  public  health.  The  Lancet. 2012;  380(9838):294-305.

https://doi.org/10.1016/S0140-6736(12)60898-8 

11. Smith PJ, Merwin RM. The Role of Exercise in Management of Mental Health Disorders: An Integrative

Review. Annu Rev Med. 2021; 72:45-62. https://doi.org/10.1146/annurev-med-060619-022943 

12. United  Nations  Department  of  Economic  and  Social  Affairs,  2023

https://www.un.org/development/desa/dspd/wpcontent/uploads/sites/22/2023/01/WSR_2023 

13. Kwaśniewska M, Pikala M, Bielecki W, Dziankowska-Zaborszczyk E, Rębowska E, Kozakiewicz K, Pająk

A,  Piwoński  J,  Tykarski  A,  Zdrojewski  T,  Drygas  W.  Ten-year  changes  in  the  prevalence  and  socio-

demographic determinants of physical activity among Polish adults aged 20 to 74 years. Results of the

National Multicenter Health Surveys WOBASZ (2003-2005) and WOBASZ II (2013-2014).  PLoS One.

2016; 11(6):e0156766. https://doi.org/10.1371/journal.pone.0156766 

14. Brannen J, Nilsen A. Individualisation, choice and structure: A discussion of current trends in sociological

analysis. The sociological review. 2005; 53(3):412-28. https://doi.org/10.1111/j.1467-954X.2005.00559.x 

15. Kaiser MI, Killin A, Malsch AK, Abendroth AK, Back MD, Baune BT, Bilstein N, Breitmoser Y, Caspers

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Bhundoo et al

BA,  Gadau  J,  Gossmann  TI.  Individualisation  and  Individualised  Science:  Integrating  Disciplinary

Perspectives. 2023. https://doi.org/10.32942/X2P016 

16. Olanrewaju O, Kelly S, Cowan A, Brayne C, Lafortune L. Physical activity in community-dwelling older

people:  a  review  of  systematic  reviews  of  interventions  and  context.  The  Lancet. 2016;  388:S83.

https://doi.org/10.1016/S0140-6736(16)32319-4 

17. Ayouni I, Maatoug J, Dhouib W, Zammit N, Ben Fredj S, Ghammam R, Ghannem H. Effective public

health measures to mitigate the spread of  COVID-19: a systematic  review.  BMC Public  Health.  2021.

https://doi.org/10.1186/s12889-021-11111-1

18. Violant-Holz V, Gallego-Jiménez MG, González-González CS, et  al.  Psychological  health and physical

activity levels during the COVID-19 pandemic: a systematic review. Int J Environ Res Pub Health. 2020.

https://doi.org/10.3390/ijerp h17249419

19. López-Valenciano A,  Suárez-Iglesias  D,  Sanchez-Lastra MA, et  al.  Impact  of  COVID-19 pandemic on

university  students’  physical  activity  levels:  an  early  systematic  review.  Front  Psychol. 2021.

https://doi.org/10.3389/fpsyg.2020.624567

20. Chen P, Mao L, Nassis GP, Harmer P, Ainsworth BE, Li F. Coronavirus disease (COVID-19): The need to

maintain regular  physical  activity while  taking precautions.  Journal of  sport  and health science.  2020;

9(2):103. https://doi.org/10.1016%2Fj.jshs.2020.02.001 

21. van den Berg M, Schoones J,  Vlieland TV. Internet-based physical  activity  interventions:  a  systematic

review  of  the  literature.  Journal  of  medical  Internet  research.  2007;  9(3):e629.

https://doi.org/10.2196/jmir.9.3.e26 

22. Khowaja SA, Khuwaja P, Dev K. Internet of Everything enabled solution for COVID-19, its new variants

and  future  pandemics:  Framework,  Challenges,  and  Research  Directions.  2021.

https://doi.org/10.48550/arXiv.2101.02030

23. Thakur V, Bhola S, Thakur P, Patel SK, Kulshrestha S, Ratho RK, Kumar P. Waves and variants of SARS-

CoV-2:  understanding  the  causes  and  effect  of  the  COVID-19  catastrophe.  Infection.  2022;  1-6.

https://doi.org/10.1007/s15010-021-01734-2

24. Davies  CA,  Spence  JC,  Vandelanotte  C,  Caperchione  CM,  Mummery  WK.  Meta-analysis  of  internet-

delivered interventions to increase physical activity levels.  International Journal of Behavioral Nutrition

and Physical Activity. 2012; 9:1-3. https://doi.org/10.1186/1479-5868-9-52 

25. Higgins JPT, Green S, editors. Cochrane handbook for systematic reviews of interventions version 5.1.0

[updated March 2011]. The Cochrane Collaboration, 2011. https://www.cochrane-handbook 

26. Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. Reliability of the PEDro scale for rating

quality  of  randomized  controlled  trials.  Physical  therapy. 2003;  83(8):713-21.

https://doi.org/10.1093/ptj/83.8.713

27. De Morton NA. The PEDro scale is a valid measure of the methodological  quality of clinical trials: a

demographic  study.  Australian  Journal  of  Physiotherapy. 2009;  55(2):129-33.

https://doi.org/10.1016/S0004-9514(09)70043-1

28. Verhagen AP, De Vet HC, De Bie RA, Kessels AG, Boers M, Bouter LM, Knipschild PG. The Delphi list: a

criteria list for quality assessment of randomized clinical trials for conducting systematic reviews developed

by  Delphi  consensus.  Journal  of  clinical  epidemiology.  1998;  51(12):1235-41.

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Bhundoo et al

https://doi.org/10.1016/S0895-4356(98)00131-0

29. Brignardello-Petersen R, Izcovich A, Rochwerg B, Florez ID, Hazlewood G, Alhazanni W, Yepes-Nuñez J,

Santesso N, Guyatt GH, Schünemann HJ. GRADE approach to drawing conclusions from a network meta-

analysis using a partially contextualised framework. BMJ. 2020; 371. https://doi.org/10.1136/bmj.m3907 

30. Rosenthal R. Meta-analytic procedures for social research, revised edition. Applied social research methods

series. 1991; 6. 

31. Hedges LV, Tipton E, Johnson MC. Robust variance estimation in meta regression with dependent effect‐

size estimates. Research synthesis methods. 2010; 1(1):39-65. https://doi.org/10.1002/jrsm.5 

32. Wilke J,  Giesche  F,  Klier  K,  Vogt  L,  Herrmann E,  Banzer W. Acute  effects  of  resistance  exercise  on

cognitive function in healthy adults: a systematic review with multilevel meta-analysis.  Sports Medicine.

2019; 49(6):905-16. https://doi.org/10.1007/s40279-019-01085-x 

33. Fisher  Z,  Tipton  E.  robumeta:  An  R-package  for  robust  variance  estimation  in  meta-analysis.  2015.

https://doi.org/10.48550/arXiv.1503.02220 

34. Dinas PC, Koutedakis Y, Flouris AD. Effects of exercise and physical activity on depression. Irish journal

of  medical  science.  2011;  180:319-25.  

https://doi.org/10.1007/s11845-010-0633-9 

35. Zschucke  E,  Gaudlitz  K,  Ströhle  A.  Exercise  and  physical  activity  in  mental  disorders:  clinical  and

experimental  evidence.  Journal  of  preventive  medicine  and  public  health.  2013;  46(Suppl  1):S12.

https://doi.org/10.3961%2Fjpmph.2013.46.S.S12 

36. Singh B, Olds T, Curtis R, Dumuid D, Virgara R, Watson A, Szeto K, O'Connor E, Ferguson T, Eglitis E,

Miatke A. Effectiveness of physical activity interventions for improving depression, anxiety and distress: an

overview  of  systematic  reviews.  British  journal  of  sports  medicine.  2023;  57(18):1203-9.

https://doi.org/10.1136/bjsports-2022-106195 

37. Xie B, Charness N, Fingerman K, Kaye J, Kim MT, Khurshid A. When going digital becomes a necessity:

Ensuring older adults’ needs for information, services, and social inclusion during COVID-19. Older Adults

and  COVID-19. 2021;  (pp.  181-191).  Routledge.

https://www.taylorfrancis.com/chapters/edit/10.4324/9781003118695-27/going-digital-becomes-necessity-

ensuring-older-adults-needs-information-services-social-inclusion-covid-19-bo-xie-neil-charness-karen-

fingerman-jeffrey-kaye-miyong-kim-anjum-khurshid 

38. Davidson J, Schimmele C. Evolving internet use among Canadian seniors. 2019.  Evolving Internet Use

Among Canadian Seniors (statcan.gc.ca)

39. Hillman CH, Motl RW, Pontifex MB, Posthuma D, Stubbe JH, Boomsma DI, De Geus EJ. Physical activity

and cognitive function in a cross-section of younger and older community-dwelling individuals.  Health

psychology. 2006; 25(6):678. https://doi.org/10.1037/0278-6133.25.6.678      

40. Kegler MC, Gauthreaux N, Hermstad A, Arriola KJ, Mickens A, Ditzel K, Hernandez C, Haardörfer R. Peer

Reviewed:  Inequities  in  Physical  Activity  Environments  and  Leisure-Time  Physical  Activity  in  Rural

Communities. Preventing chronic disease. 2022;19. https://doi.org/10.5888%2Fpcd19.210417 

41. Poushter J.  Smartphone ownership and internet  usage continues to climb in emerging economies.  Pew

research  center. 2016;  22(1):1-44.  Microsoft  Word  -  Pew Research  Center  Global  Technology Report

FINAL February 22, 2016 (diapoimansi.gr)

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Bhundoo et al

42. Silva M, Cashman S, Kunte P, Candib LM. Improving population health through integration of primary care

and public health: Providing access to physical activity for community health center patients.  American

journal  of  public  health. 2012;  102(11):e56-61.

https://ajph.aphapublications.org/doi/abs/10.2105/AJPH.2012.300958 

43. Maloney S, Haas R, Keating JL, Molloy E, Jolly B, Sims J, Morgan P, Haines T. Effectiveness of Web-

based  versus  face-to-face  delivery  of  education  in  prescription  of  falls-prevention  exercise  to  health

professionals:  randomized  trial.  Journal  of  medical  Internet  research. 2011;  13(4):e1680.

https://doi.org/10.2196/jmir.1680 

44. Bourne S, DeVos R, North M, Chauhan A, Green B, Brown T, Cornelius V, Wilkinson T. Online versus

face-to-face pulmonary rehabilitation for patients with chronic obstructive pulmonary disease: randomised

controlled trial. BMJ open. 2017; 7(7):e014580. https://doi.org/10.1136/bmjopen-2016-014580 

45. McPhee JS, French DP,  Jackson D, Nazroo J,  Pendleton N,  Degens H.  Physical  activity  in  older  age:

perspectives  for  healthy  ageing  and  frailty.  Biogerontology. 2016;  17:567-80.

https://doi.org/10.1007/s10522-016-9641-0 

46. Chaudhury H, Campo M, Michael Y, Mahmood A. Neighbourhood environment and physical activity in

older adults. Social science & medicine. 2016; 149:104-13. https://doi.org/10.1016/j.socscimed.2015.12.011

47. Hariton E, Locascio JJ. Randomised controlled trials—the gold standard for effectiveness research. BJOG:

an  international  journal  of  obstetrics  and  gynaecology.  2018;  125(13):1716.

https://doi.org/10.1111%2F1471-0528.15199 

48. Marcus BH, Lewis BA, Williams DM, Dunsiger S, Jakicic JM, Whiteley JA, Albrecht AE, Napolitano MA,

Bock BC, Tate DF, Sciamanna CN, Parisi AF. A comparison of Internet and print-based physical activity

interventions. Arch Intern Med. 2007; 167(9):944-9. https://doi.org/10.1001/archinte.167.9.944 

49. Marcus BH, Hartman SJ, Larsen BA, Pekmezi D, Dunsiger SI, Linke S, Marquez B, Gans KM, Bock BC,

Mendoza-Vasconez AS, Noble ML, Rojas C. Pasos Hacia La Salud: a randomized controlled trial of an

internet-delivered physical activity intervention for Latinas. Int J Behav Nutr Phys Act. 2016; 13:62. https://

doi.org/10.1186/s12966-016-0385-7 

50. Pressler A, Knebel U, Esch S, Kölbl D, Esefeld K, Scherr J, Haller B, Schmidt-Trucksäss A, Krcmar H,

Halle M, Leimeister JM.  An internet-delivered exercise intervention for workplace health promotion in

overweight  sedentary  employees:  a  randomized  trial.  Prev  Med.  2010;  51(3-4):234-9.

https://doi.org/10.1016/j.ypmed.2010.07.008 

51. Wilke J,  Mohr L, Yuki G, Bhundoo AK, Jiménez-Pavón D,  Laiño F, Murphy N, Novak B, Nuccio S,

Ortega-Gómez S, Pillay JD, Richter F, Rum L, Sanchez-Ramírez C, Url D, Vogt L, Hespanhol L. Train at

home, but not alone: a randomised controlled multicentre trial assessing the effects of live-streamed tele-

exercise  during  COVID-19-related  lockdowns.  Br  J  Sports  Med.  2022;  56(12):667-675.

https://doi.org/10.1136/bjsports-2021-104994 

52. Zengin Alpozgen A, Kardes K, Acikbas E, Demirhan F, Sagir K, Avcil E. The effectiveness of synchronous

tele-exercise to maintain the physical fitness, quality of life, and mood of older people - a randomized and

controlled study. Eur Geriatr Med. 2022; 13(5):1177-1185. https://doi.org/10.1007/s41999-022-00672-y 

53. Chang SH, Wang LT, Chueh TY, Hsueh MC, Hung TM, Wang YW. Effectiveness of Facebook Remote

Live-Streaming-Guided  Exercise  for  Improving  the  Functional  Fitness  of  Community-Dwelling  Older

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Bhundoo et al

Adults. Front Med (Lausanne). 2021; 8:734812. https://doi.org/10.3389/fmed.2021.734812 

54. Tekin F, Cetisli-Korkmaz N. Effectiveness of a Telerehabilitative Home Exercise Program on Elder Adults'

Physical  Performance,  Depression  and  Fear  of  Falling.  Percept  Mot  Skills. 2022;  129(3):714-730.

https://doi.org/10.1177/00315125221087026 

55. Yi D, Yim J. Remote Home-Based Exercise Program to Improve the Mental State, Balance, and Physical

Function and Prevent Falls in Adults Aged 65 Years and Older During the COVID-19 Pandemic in Seoul,

Korea. Med Sci Monit. 2021; 27:e935496. https://doi.org/10.12659/MSM.935496 

56. Kikuchi N, Mochizuki Y, Kozuma A, Inoguchi T, Saito M, Deguchi M, Homma H, Ogawa M, Hashimoto Y,

Nakazato  K,  Okamoto  T.  The  Effect  of  Online  Low-intensity  Exercise  Training  on  Fitness  and

Cardiovascular Parameters. Int J Sports Med. 2022; 43(5):418-426. https://doi.org/10.1055/a-1582-2874   

57. Dekker-van Weering M, Jansen-Kosterink S, Frazer S,  Vollenbroek-Hutten M. User Experience, Actual

Use, and Effectiveness of an Information Communication Technology-Supported Home Exercise Program

for Pre-Frail Older Adults. Front Med (Lausanne). 2017; 4:208. https://doi.org/10.3389/fmed.2017.00208 

58. Baez M, Khaghani Far I, Ibarra F, Ferron M, Didino D, Casati F. Effects of online group exercises for older

adults on physical, psychological and social wellbeing: a randomized pilot trial.  Peer J.  2017; 5:e3150.

https://doi.org/10.7717/peerj.3150 

59. Beauchamp MR, Hulteen RM, Ruissen GR, Liu Y, Rhodes RE, Wierts CM, Waldhauser KJ, Harden SH,

Puterman E. Online-Delivered Group and Personal Exercise Programs to Support Low Active Older Adults'

Mental Health During the COVID-19 Pandemic: Randomized Controlled Trial. J Med Internet Res. 2021;

23(7):e30709. https://doi.org/10.2196/30709 

60. Jennings SC, Manning KM, Bettger JP, Hall KM, Pearson M, Mateas C, Briggs BC, Oursler KK, Blanchard

E, Lee CC, Castle S, Valencia WM, Katzel LI, Giffuni J, Kopp T, McDonald M, Harris R, Bean JF, Althuis

K, Alexander NB, Padala KP, Abbate LM, Wellington T, Kostra J, Allsup K, Forman DE, Tayade AS,

Wesley  AD,  Holder  A,  Morey  MC.  Rapid  Transition  to  Telehealth  Group  Exercise  and  Functional

Assessments  in  Response  to  COVID-19.  Gerontol  Geriatr  Med.  2020;  6:2333721420980313.

https://doi.org/10.1177/2333721420980313 

61. Langeard A, Bigot L, Maffiuletti NA, Moussay S, Sesboüé B, Quarck G, Gauthier A. Non-inferiority of a

home-based videoconference physical training program in comparison with the same program administered

face-to-face  in  healthy  older  adults:  the  MOTION  randomised  controlled  trial.  Age  Ageing. 2022;

51(3):afac059. https://doi.org/10.1093/ageing/afac059 

62. Napolitano  MA,  Fotheringham M,  Tate  D,  Sciamanna  C,  Leslie  E,  Owen  N,  Bauman  A,  Marcus  B.

Evaluation of an internet-based physical activity intervention: a preliminary investigation. Ann Behav Med.

2003; 25(2):92-9. https://doi.org/10.1207/S15324796ABM2502_04 

63. Wadhen V, Cartwright T. Feasibility and outcome of an online streamed yoga intervention on stress and

wellbeing  of  people  working  from  home  during  COVID-19.  Work.  2021;  69(2):331-349.

https://doi.org/10.3233/WOR-205325 

64. Wu YS, Wang WY, Chan TC, Chiu YL, Lin HC, Chang YT, Wu HY, Liu TC, Chuang YC, Wu J, Chang
WY, Sun CA, Lin MC, Tseng VS, Hu JM, Li YK, Hsiao PJ, Chen CW, Kao HY, Lee CC, Hsieh CB, Wang
CH, Chu CM. Effect of the Nintendo Ring Fit Adventure Exergame on Running Completion Time and
Psychological Factors Among University Students Engaging in Distance Learning During the COVID-19
Pandemic:  Randomized  Controlled  Trial.  JMIR  Serious  Games.  2022;  10(1):e35040.

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Bhundoo et al

https://doi.org/10.2196/35040

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Bhundoo et al

Supplementary Files

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Bhundoo et al

CONSORT (or other) checklists

PRISMA_2020_checklist.
URL: http://asset.jmir.pub/assets/5fa423aa9f047b475d063ec0f35ddbad.pdf

Powered by TCPDF (www.tcpdf.org)

https://preprints.jmir.org/preprint/64856 [unpublished, non-peer-reviewed preprint]

http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files
	CONSORT (or other) checklists
	CONSORT (or other) checklist 0



