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Abstract
Background: A systematic search was conducted across seven databases - PubMed, Web of Science,
Scopus, Cochrane Library, SportDiscus, CINAHL, and PsychInfo - following PRISMA guidelines until June
18, 2023, with no year limitations. After excluding duplicates, studies were screened by two independent
reviewers in a two-stage process. This review included all original intervention studies with baseline and
post-intervention outcomes involving SB as a health assessment tool, and/or a part of an intervention
method among people aged 60 years or over.

Methods: Using PRISMA guidelines, seven databases were searched until June 18, 2023, without year
limitations. After removing duplicates, two reviewers independently screened studies in two stages. This
review included original intervention studies with baseline and post-intervention outcomes involving SB
as a health assessment tool or intervention method among individuals aged 60 years, or older.

Results: Out of 8,022 citations, 47 English-language articles were included: 28 Randomized Controlled
Trials (RCTs) and 19 (40.43%) Non-RCTs, including Pretest-posttest and Quasi-Experimental studies. The
most common focus points of the included studies were Cognitive function, Motor and Balance,
Physiological and Psychological changes, Cardiovascular, and Executive function. The most common
study populations had neurological problems (15/47, 31.91% studies). Among the 47 included studies,
the highest participants' acceptance rate was 38% (18/47 studies), while the retention rate was 15%
(07/47 studies), the adherence rate was 6% (3/47 studies), and the lowest dropout rate was 13% (06/47
studies). Signi�cant health outcomes after SBI included aerobic capacity (VO2 max), cognition, executive
function, cycling e�ciency, quality of life (QOL), and mobility (Timed up and Go test), mentioned in at
least 5 studies. Virtual reality (VR)-assisted SBI showed better improvement in executive function
compared to non-VR groups.

Conclusion: This review reveals varying rates of acceptability, retention, adherence, and dropout in SBI,
highlighting challenges in participant engagement. However, despite these challenges, SBI shows
promise in enhancing physical activity among seniors, with potential bene�ts across various health
domains. Particularly noteworthy is the effectiveness of VR-assisted SBI in improving executive function
among older adults, suggesting promising avenues for intervention. These results stress the signi�cance
of incorporating SBI into health interventions for older adults.

Introduction
Regular physical activity (PA) confers signi�cant health bene�ts across all age groups, with particular
emphasis on older individuals, facilitating prolonged years of active independent living. The World Health
Organization (WHO) projects a notable increase in the global population aged 60 years and above,
estimated to rise from 12% to 22% between 2015 and 2050, with 1 in 6 individuals worldwide expected to
be aged 60 years or older by 2030 [1]. Engagement in regular physical exercise and sports across the
lifespan positively impacts cardiovascular, respiratory, metabolic, neurological, and social well-being [2].
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Consequently, the WHO recommends that individuals aged 65 years and above partake in at least 150
minutes of moderate-intensity aerobic physical activity per week, or 75 minutes of vigorous-intensity
aerobic physical activity per week, or an equivalent combination of both. This regimen aims to bolster
cardiorespiratory and muscular �tness, bone and functional health, and mitigate the risk of non-
communicable diseases (NCDs), depression, and cognitive decline [3].

Various modes of endurance exercise training, including static bicycle (cycle ergometer) training [4],
walking or jogging [5], and treadmill training [6], have been shown to be effective for improving health
outcomes. Among these, stationary bike (SB) training stands out as an attractive option due to its ease of
use, safety, and low risk of injury [7]. SB exercise is also bene�cial for its non-weight-bearing nature,
which reduces joint impact and overall bodily stress compared to jogging or other high-impact
activities [8]. Additionally, SB training requires less postural control than treadmill walking, making it a
suitable option for individuals with balance issues [6].

While the health bene�ts of cycle ergometer exercise [9] and the effects of SB training on gait and
balance [10] are well-documented, systematic reviews focusing on the overall acceptability and
effectiveness of stationary bike interventions (SBIs) in health outcomes, particularly among older adults
aged 60 years and above, are lacking. To address this gap, it is essential to comprehensively review all
relevant literature to obtain a holistic understanding of the acceptability and effectiveness of SBIs among
older adults. Therefore, the primary objectives of this systematic review were to identify the key themes of
published articles and to evaluate the acceptability and effectiveness of SBIs on health outcomes. In this
study, the research questions addressed were: 
 a) What evidence exists regarding the acceptability of SB among older adults, and 

b) What evidence exists for the effectiveness of SBI on health outcomes? Acceptability in this study
referred to participant acceptance, dropout, retention, and adherence rates of SBI.
 Older adults were de�ned as individuals aged 60 years and above [11], with further categorization into
younger older adults (aged 60-75 years) and older adults (aged ≥76 years) to classify study subjects [12].

Methodology
Inclusion criteria and study selection criteria:

The eligibility criteria were established through a two-stage screening process. Initially, screening was
performed based on the title and abstract, guided by speci�c criteria delineating studies centred on
bicycles, cycling, or bicycling, particularly those involving older adults or explicitly mentioning an age
range of 60 years and above. 
 For the second stage screening, after obtaining the full texts of potentially eligible studies, the following
criteria were applied for inclusion: 

1. All types of quantitative studies of any duration, assessing the effectiveness of an intervention
(randomised or non-randomised),
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2. Outcomes measured at baseline and post-intervention, with or without follow-up,

3. The studies should focus on a subgroup of the aged population aged 60 years and above,

4. Addressing stationary biking as a health assessment tool and/or part of an intervention method, and
published in the English language. 

Exclusion criteria

The exclusion criteria for this review encompassed several parameters:

1. Observational studies, including cross-sectional association or correlation studies, were excluded due
to their limited ability to establish causality,

2. Qualitative studies were excluded as they typically focus on exploring subjective experiences rather
than quanti�able outcomes,

3. Unpublished or under-review articles, conference abstracts, and publications in languages other than
English were excluded to ensure access to peer-reviewed, scienti�cally rigorous research,

4. Furthermore, studies involving forms of bicycling other than stationary bicycling, such as outdoor
bicycling or indoor bicycling not part of an intervention, were excluded to maintain consistency in the
intervention modality under investigation,

5. Study protocols, letters, and commentaries were also excluded from the review due to their
preliminary or opinion-based nature. However, relevant references from these excluded sources were
screened to identify any articles meeting the inclusion criteria, ensuring a comprehensive
examination of the literature.

Search Strategy and study identi�cation

We systematically searched for intervention studies utilizing Sedentary Behaviour (SB) as a health
assessment tool and/or intervention method among older adults, encompassing publications until June
18th, 2023, without geographical or temporal restrictions. Our methodology adhered to the PRISMA
statement [13]. English-language articles were identi�ed across 7 electronic databases, namely PubMed,
Web of Science, Scopus, Cochrane Library, SportDiscus, CINAHL, and PsychInfo, without employing any
�lters. We employed a combination of keywords, including variations of terms such as "old people," "older
people," "elderly," "aging," "old men," "old women," "older persons," "older adults," "seniors," along with
cycling-related keywords like "bicycling," "cycling," "biking," "bike," or "bicycle". The initial search retrieved
8,022 hits, which were screened for duplicates, resulting in 6,639 unique articles. After screening the titles
and abstracts, 126 full-text articles were evaluated for eligibility, following the exclusion of 6,513
irrelevant articles. Ultimately, 47 articles meeting the inclusion criteria were selected for systematic review.
All citations were imported into Covidence systematic review software (Veritas Health Innovation,
Melbourne, Australia; www.covidence.org) and an Excel sheet for the screening process and qualitative
synthesis. Additionally, citations were imported into EndNote x9 (Clarivate Analytics, Philadelphia, PA,
USA) software for reference management. Article screening was independently conducted by two
reviewers (TA, and MK), with con�icts resolved through discussion and consultation with a third reviewer.
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Data extraction

The selected studies were meticulously organised based on various parameters including the author's
�rst name, year of publication, country of origin, age range, and gender of the population under study.
Moreover, distinctions were made based on the study design, categorising them as either Randomised
Controlled Trials (RCT) or Non-RCT studies.

Further segmentation was performed to delineate the focus points of the study, types of sedentary
behaviour (SB) employed for physical activity (PA) intervention, and their associated features. This
encompassed a range of SB modalities such as Recumbent SB with virtual aid, Upright bicycle ergometer,
and Ergometer, among others. Additionally, pertinent details regarding the health condition of the study
group, recruitment rate, dropout rate, retention rate, adherence rate, effectiveness, and PA outcome
following SB intervention were meticulously documented. However, it is noteworthy that two studies [14,
15] out of the 47 included studies could not be tabulated for outcome analysis as speci�c outcome "p"
values were not available. In such instances, evidence-based theories were judiciously applied for
calculation purposes, thereby ensuring methodological rigour and consistency in data analysis. 

Study Quality and Risk of Bias Assessment:
 In assessing the quality of randomized controlled
trials (RCTs) within the scope of this study, two
established evaluation tools were utilized: the
"PEDro" scale [16] and the Cochrane Handbook for
the Risk of Bias Tool, version 2 (ROB 2.0). The
"PEDro" scale evaluates studies across eleven
criteria, covering aspects such as randomization,
blinding, and statistical analysis. Ratings on this
scale range from 0 to 10, with scores exceeding 4
indicating fair quality, scores between 6 and 8
denoting good quality, and scores surpassing 8
indicating excellent quality studies.
Conversely, non-randomized studies included in this systematic review underwent assessment using the
Newcastle-Ottawa Scale (NOS) [17] to gauge their quality and methodological rigor. The NOS evaluates
studies based on three primary domains: selection of study groups, comparability of groups, and
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ascertainment of outcomes. Scores are assigned within these domains to facilitate the critical appraisal
of study quality and risk of bias.

Results

General characteristics of included studies: 
Table 1 outlines the characteristics of 47 included studies, encompassing a total study population of
2,500 individuals engaged in stationary bike (SB) physical activity interventions. Among these, 28
(59.57%) studies were Randomized Controlled Trials (RCTs), while 19 (40.43%) were Non-Randomized
Controlled Trials (non-RCTs), including Pretest-posttest and Quasi-Experimental studies. A demographic
breakdown reveals that 16 (34.04%) studies[10, 18–32] targeted younger older adults aged 60 to 75
years, 5 studies (10.64%) [33–37] focused on older older adults (aged ≥76), and 26 (55.32%)  [14, 15,
37–60] included both age groups. 

Various types of SB interventions were identi�ed, with ergometers being the most common (61.70%),
followed by Cybercycle (SB with virtual aid) in 12 studies (25.53%) [27, 33, 34, 39–43, 49, 52, 54, 59],
Recumbent SB in 5 studies (10.63%) [23, 36, 44, 58, 61] and upright bicycle ergometers and aqua cycles
(SB in water) each appearing in 2 studies (4.26%) [31, 60] separately. The majority of studies (48.93%)
exclusively utilized SB interventions, while 34.04% incorporated SB with virtual aid, 14.89% employed
combined interventions (exercise/cognitive training), and a single study combined SB intervention with
medication (see details in Table 1).

The trend of publications, spanning from 1975 to 2023 with a half-decade interval, is illustrated in
Supplementary Figure 1. It encompasses combined interventions (exercise/cognitive training) and,
notably, a single study combining SB intervention with medication. 

Focus Points: 

Figure 2 illustrates the primary areas of investigation in the 47 included studies. Cognitive function
emerged as the most frequent focus, with 12 studies [24, 27, 33, 34, 39, 40, 42, 43, 47, 54, 59, 61]. Other
prominent categories include Motor and Balance (seven studies)[10, 22, 32, 38, 44, 48, 51], Physiological
and psychological changes (nine studies) [15, 18, 20, 30, 45, 50, 53, 56, 58], Cardiovascular (�ve
studies) [19, 25, 28, 29, 60], Executive function (three studies) [23, 26, 36], Cycling e�ciency and Quality
of life (four studies each) [14, 21, 46, 52], VR-induced training, and Feasibility and effectiveness (four
studies each) [15, 35, 41, 49]. Additionally, studies related to the Musculoskeletal system were represented
by two studies [31, 55].

Evidence related to the acceptability and effectiveness of SB intervention:

Acceptability: 
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Figures 3 and 4 demonstrate that among the 47 studies included in the systematic review on sedentary
behaviour interventions in physical activity, complete feasibility was observed with a 100% acceptance
rate in 18 studies [18, 20, 21, 24, 25, 27, 29, 30, 36, 41, 42, 44, 46, 50–52, 56], a retention rate of 100% in 7
studies [27, 32, 43, 49, 53, 54, 57], and an adherence rate of 100% in 3 studies [32, 39, 54]. Additionally, a
dropout rate of 0% was reported in 6 studies [32, 43, 49, 53, 54, 57]. [19, 23, 38, 40, 47–49, 60]The second
highest range  was observed in between 81-90% in total 17 studies where the acceptance rate mentioned
in 8 studies  [19, 23, 38, 40, 47–49, 60], retention rate in 6 studies [19, 21, 23, 34–36], and adherence rate
in 3 studies [15, 23, 49], followed by the 91-99.9% range in 12 studies where acceptance rate mentioned in
6 studies [22, 32–34, 36, 61], retention mentioned in 5 studies [20, 28, 31, 56, 60] and adherence in one
study [37],  and 71-80% range lies withing 12 studies among them acceptance rate mentioned in 5 [37, 39,
43, 55, 59], retention in 5 [15, 22, 39, 40, 55], and adherence in 2 studies [39, 56]. 8 studies reported rates
within 41-50% range where acceptance rate mentioned in 4 studies [10, 26, 28, 35], retention in 2
studies [36, 42], and adherence in 2 studies [42, 45]. With the lowest number of studies (6) in the 61-70%
range where the acceptance rate mentioned in 2 [31, 58], retention rate in 3 [33, 37, 48], and adherence
rate in one study [55].

Dropout rates ranged from 0% to 60%, with 9 studies [19, 21–23, 34, 35, 47, 55, 61] falling within an
acceptable range of 11-20% for experimental sedentary behaviour interventions (Figure 4). Total 19
studies [19–23, 28, 31, 32, 34, 35, 43, 47, 49, 53–55, 57, 60, 61] show below 20% drop out rate. More than
20% dropout rate was found in 8 studies [15, 33, 36, 37, 39, 40, 42] with the highest percentage observed
in the 21-30% range in 4 studies [15, 33, 39, 40]. Additionally, two RCT studies [23, 32] and one Non-RCT
study [49] demonstrated feasibility with over 80% acceptance, retention, and adherence rates and less
than 20% dropout rate. After considering 100% as the highest acceptance, retention, and adherence rate,
and 0% as the lowest dropout rate, the acceptability rate of the study was found to be 38% (18/47
studies) for acceptance rate, 15% (7/47 studies) for retention rate, 6% (3/47 studies) for adherence rate,
and 13% (6/47 studies) for dropout rate.

Effectiveness:

Table 2 outlines the effectiveness of all 47 included single studies. The results based on different
outcomes are presented below (see also Supplementary Table 1).

Effects on Aerobic capacity (VO2 max)

The most common health outcome investigated across the studies was "Aerobic capacity (VO2 max)",
utilized as a physiological function and cardiac �tness assessment parameter in 10 studies. The study
populations varied, including physically inactive individuals [25, 30, 56], those with chronic obstructive
pulmonary disease (COPD) [20, 21], healthy subjects [18], individuals diagnosed with Alzheimer's disease
(AD) [58, 60], those with existing comorbidities [28], and one study that did not clearly specify the health
status of the population [45]. Among these studies, four demonstrated statistically signi�cant effects (p=
<0.05) compared to control groups, walk-jogging groups, post-ergometer exercise, and stretching
groups [18, 25, 45, 58]. Additionally, four studies reported highly signi�cant effects (p=<0.001), showing
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improved aerobic capacity following post-ergometer intervention [20, 21] and compared to control
groups [56]. However, two studies did not observe signi�cant improvements after short aerobic exercise
and supervised SB training among men aged ≤75 years [28, 60].

Effects on executive function
To evaluate executive function, the Colour Trails Test showed statistically signi�cant improvements in
performance across three studies (p=0.002, 0.007, 0.02). Speci�cally, enhanced performance was
observed among healthy individuals in two studies and among individuals with type 2 diabetes in one
study when compared to traditional exercise, non-diabetic, and exergaming groups, respectively [39, 40,
43]. Additionally, the Stroop A/C test demonstrated highly signi�cant and statistically signi�cant results
(p<0.001, p<0.05) in two studies, indicating improved executive function among individuals with mild to
moderate cognitive impairment and healthy individuals compared to the exercise bike with virtual tour
group and participants' baseline �tness, respectively[26, 42]. However, in contrast, one study found no
signi�cant difference in executive function between the sedentary behaviour group and the exergaming
intervention group among healthy individuals [43]. Moreover, ergometer intervention did not yield
improved executive function compared to stretching among participants with mild to moderate
Alzheimer's disease dementia [61].

Effects on Cognition
To assess cognition, a reduction in choice reaction (CR) time was observed, indicative of improved
cognition (p < 0.001), as reported in two studies among healthy individuals and those diagnosed with AD
dementia, compared to younger populations and post-ergometer intervention respectively [2, 24].
Conversely, an increase in CR time, signifying a lack of cognitive improvement (p < 0.001, p ≤ 0.05), was
noted in two studies involving healthy and moderately dementia populations when compared with
interventions involving "Ergometer with video game" and "Exergaming" respectively [27, 54]. Additionally,
two studies reported enhanced overall cognition (p = 0.01, p = 0.006) when compared with a non-virtual
reality (VR) motor training group and post-ergometer intervention among individuals with impaired
cognition and AD dementia respectively [34, 54]. However, Yu et al. (2021) found no signi�cant
improvement in cognition compared to a stretching intervention group among AD participants [61].

Effects on Quality of Life (QOL)
Quality of life (QOL) was evaluated as an outcome measure in �ve distinct studies. Among these, two
studies focusing on COPD patients demonstrated highly signi�cant improvements (p=<0.001) in QOL
following ergometer intervention compared to both post-intervention and controlled (non-exercise)
groups [35, 50]. Additionally, in a study by Ferrai et al. (2004), QOL was signi�cantly enhanced (+) among
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COPD participants, with a post-ergometer intervention QOL score of 7/9 [21]. Furthermore, there was a
statistically signi�cant improvement (p<0.05) in QOL observed among Alzheimer's disease (AD)
participants after supervised stationary bicycle (SB) training, particularly among men aged ≤75
years [60]. Notably, another study reported that QOL improved signi�cantly more with SB intervention
compared to stationary bicycle intervention in participants experiencing mobility di�culties [32].

Effects on Cycling e�ciency

Cycling e�ciency outcomes were reported in �ve studies. Three of these studies demonstrated
statistically signi�cant increases in competitiveness, repetitive participation, and feasibility for sleep
hygiene and interval training among healthy, impaired cognition, and sleep-impaired populations
compared to post-virtual reality (VR) SBI [14, 41, 53]. Conversely, a study by Briswalter et al. (2014) found
decreased cycling e�ciency (p <0.05) in the group aged over 60 compared to the 50-59 years group post
SBI among healthy individuals [46]. Another study by D’Cunha et al. (2021) noted that SB intervention
was signi�cantly challenging and immersive (p=0.012) among mildly to moderately cognition-impaired
populations compared to the post-SB controlled condition [33].

Effects on Mobility, Gait and Balance

The Timed Up and Go (TUG) test is speci�c for mobility assessment, observed as an outcome in �ve
studies. Three studies reported statistically signi�cant (p<0.05) improvements in mobility function among
healthy, physically inactive, and Parkinson's disease (PD) diagnosed participants compared to control
groups engaging in daily activities, stretching exercises and post-SBI [30, 44, 57]. However, two studies
failed to demonstrate any mobility improvement after SBI. Abbas et al. (2022) found a signi�cant (p=
<0.05) reduction in mobility improvements among moderate to severe dementia patients after SBI
compared to groups undergoing post-ergometer and ergometer with high-intensity functional exercise
(HIFE) interventions [38]. In another study, an ergometer and treadmill-based programme were found to be
less effective than a video-based programme in improving mobility among populations with existing
comorbidities [48].

Walking capacity also signi�cantly improved among COPD and PD diagnosed patients [22, 49]; however,
no improvement was observed among participants with mobility di�culties [32]. "Gait" outcomes showed
improvement (p<0.01) in two studies [35, 58] and no improvement was observed among physically
inactive participants (single study) [23].

The SBI interventions also yielded various positive and negative effects on physical activity-related health
outcomes. The Berg Balance Scale (BBS) test indicated improved balance (p<0.05) in three studies [38,
48, 62], while no improvement was observed among participants with mobility di�culties (single
study) [63].

Effects of SB with and without VR intervention on executive function:
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Two studies investigated the application of SB with virtual reality (VR) compared to SB without VR to
assess executive function. Both studies implemented a three-month intervention with 45-minute sessions
�ve times per week. The Colour Trails test, used to assess executive function, showed that the cybercycle
group outperformed the traditional SB group, with medium effect sizes of d=0.50 and d=0.69,
respectively [39, 40]. Please refer to Table 3 for details.

Effects of SB with and without VR
intervention on cycling e�ciency:
In this study, three articles were identi�ed that applied SB with VR to assess cycling e�ciency. Following
two sessions lasting 60 minutes each, with intervals of 1-7 days between sessions, participants in the SB
with VR intervention group exhibited signi�cantly higher cycling distance in repeated sessions compared
to those in the SB without VR group [27]. Additionally, after three months of engaging in a minimum of 2-
3 rides per week with 60% maximum heart rate, participants in the post-VR assisted SB intervention group
demonstrated increased exercise efforts. Conversely, participants in the VR-assisted SB group, who
engaged in a single self-paced session lasting 25 minutes at a speed of 1.83 m/s, found the exercise
more challenging compared to traditional SB exercisers.  Please refer to Table 4 for detail.

Miscellaneous
Two studies demonstrated improved memory outcomes among both healthy and hypertensive
participants [18, 24], while no improvement was observed in participants diagnosed with AD [61]. Two
studies reported a decrease in blood pressure [30, 45], while one study failed to show improvement [19].
Additionally, each of the physical activity-related health outcomes, such as gait, pain reduction, and heart
rate lowering, were mentioned twice, as detailed in supplementary table 1.

Outcomes of RCT studies:
Out of 28 RCT studies, positive outcomes were noted, notably improved aerobic capacity (VO2 max) in 4
studies (p=<0.05) [6, 7, 18, 31]. The "Colour Trails" test improved in 2 studies (p=<0.05) [39, 43], and the
"Stroop a/c" test in another 2 studies (p=<0.05) found improved as part of executive function
respectively [10, 42]. Mobility (TUG test) showed improvement in 3 studies (p=<0.05) [6, 44, 58]. Quality of
Life (QOL) also signi�cantly improved in 3 different studies (p=<0.05) respectively [3, 64, 65]. Improved
overall cognitive function was found in 2 different studies (p=<0.05) without specifying the outcome of
Choice Reaction (CR) time [26, 54]. Memory improved in 2 different studies (p=<0.05) [18, 24]. Cycling
e�ciency with and without virtual aid (VA) increased in 2 different studies distinctly (p=<0.05) [16, 41].
However, Balance (BBS test), Walking capacity, Gait, Pain reduction, & lowering of BP showed the least
signi�cant improvement, each presented in a single study separately ((p=<0.05) [14, 30, 38, 57, 58].
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Upon analysing all the RCTs, several outcomes failed to show any improvements. Notably, Cognitive
function was stated in 3 studies, among them 2 showed increased Choice Reaction time indicating
decreased cognitive function (p=<0.05) [11, 66], and another study showed an overall decrease in
Cognitive function (p=<0.05) [61]. The Stroop test and overall executive function as part of Executive
function, and Aerobic Capacity both failed to show any improvement in 2 different studies individually
(p<0.05) [28, 43, 60, 61]. Additionally, Cycling with VA and Mobility (TUG) failed to show any improvement
as stated in 2 different studies (p=<0.05) [33, 38]. However, QOL, Balance, and Walking Capacity each of
the outcomes failed to show any improvement as stated in a single study (p=<0.05) [67].

Study Quality and Risk of Bias Assessment of all RCTs :

In RCT studies assessed using the Pedro scale, six studies [22, 28, 31, 36, 53, 54] achieved a perfect score
of 10, while two studies [23, 33] scored 9. Thirteen studies [18, 30, 32, 34, 35, 38, 41, 42, 44, 50, 57, 58,
61] scored between 6-8, and seven studies [26, 27, 29, 39, 43, 56, 60] scored above 4. Please refer to
Supplementary Table 2 for further details.

Regarding ROB 2.0, eleven studies [18, 22, 23, 28, 29, 31, 39, 53, 54, 58, 68] were classi�ed as low risk of
bias, while two studies [35, 42] were deemed to have high risk of bias due to issues with randomization
and missing outcome data. Other studies [26, 27, 29, 33, 34, 36, 38, 41, 43, 44, 50, 56, 57, 60, 61] raised
overall concerns related to randomization, selection of reported results, and outcome measurement.
Please refer to Supplementary Table 3 for further details.

Study Quality of all Non-RCTs:

Among the remaining 19 non-RCT studies assessed with the Newcastle-Ottawa Scale, nine studies [19,
24, 25, 37, 47–49, 51, 59] achieved the highest scores of 9, indicating strong performance across
assessment criteria and robust methodology. Following closely were other studies [10, 20, 21, 52] with a
score of 8, highlighting commendable methodological quality. Four studies [14, 40, 46, 55] received a
score of 7, indicating a good level of quality in design and execution. One study[45] scored 5, re�ecting a
lower level of methodological quality, while another study [15] scored 3 due to design limitations and lack
of methodological details.See Supplementary Table 4 for further details.

Discussion
This systematic review represents the �rst comprehensive analysis focusing on the acceptability and
effectiveness of SBI (stationary bike intervention) concerning health outcomes among individuals aged
60 and above. Encompassing 47 intervention studies, including 28 RCTs and 19 non-RCT studies, the
review revealed an overall acceptability rate of 38%, retention rate of 15%, adherence rate of 6%, and
dropout rate of 13%. Collectively, these studies highlight the wide-ranging positive impacts of SBI across
multiple domains, including cognitive function, motor skills and balance, physiological and psychological
well-being, cardiovascular health, executive function, cycling e�ciency, quality of life, musculoskeletal
health, as well as feasibility and long-term effectiveness.
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According to the current evidence, SB is proposed as a suitable form of endurance training for promoting
overall physical health among older adults over 60, primarily due to its relative ease of performance and
safety, with no associated injuries reported [7]. Furthermore, the use of a bicycle ergometer in SB presents
advantages over treadmill walking, particularly for older frail individuals, as it requires less upper body
motion, facilitating the recording of vital signs and blood sample collection [69].

Speci�cally, our study indicates that VR-assisted ergometer intervention yields better executive
function [39, 40]. Two quasi-experimental studies compared the study group (SB with VR) to a control or
comparator group (SB without VR), resulting in medium effect sizes of d=0.50 and d=0.69, respectively,
suggesting that VR-assisted SB is an effective intervention for improving executive function. Additionally,
two studies demonstrated that VR-assisted SB increased cycling e�ciency on a given task at a minimum
threshold level among healthy and cognitively impaired populations, respectively [41, 52]. However,
cognitively impaired participants found virtual cycling more challenging than traditional SB exercise at a
self-paced threshold. Further research is warranted to evaluate the effectiveness of VR-assisted SB
intervention on cycling e�ciency.

Comparison with other studies
Although numerous systematic reviews have explored the bene�ts of SB for the general population, there
is a dearth of studies focusing speci�cally on older adults aged 60 and above. Bouaziz et al. (2015)
conducted a systematic review that highlighted the positive effects of cycling on cardio-respiratory
performance, functional status, and physiological and psychological outcomes in older adults over 70 [9].
However, our study expands upon this research by removing the age limitation and including participants
aged 60 and above. Additionally, our �ndings encompass a broader range of outcomes, including VR
assisted SB's impact on executive function, cycling e�ciency, quality of life, mobility, balance, and pain
reduction. By delving into more speci�c intervention studies, our review provides a comprehensive
overview of the health bene�ts of SB intervention for older adults over 70.

Our study revealed that setting a self-paced threshold speed (1.83 m/s) for virtual SB cycling renders the
activity more challenging compared to traditional SB cycling, thereby reducing cycling e�ciency. This
�nding underscores the need for further research in this area. Fang et al. (2021) observed that a minimum
of twenty sessions of functional electrical stimulation (FES) cycling training is necessary to enhance
walking ability and lower limb strength among participants with spinal cord injuries [66]. However, their
study was restricted by age limitations and did not provide recommendations for individuals over 60.
Furthermore, while FES-cycling may be effective for participants with limited leg movement, our study
participants exhibited no such limitations. Therefore, we advocate for more research into VR assisted SB
cycling to enhance cycling e�ciency.

To date, there has been no systematic review speci�cally examining the acceptability and effectiveness
of SB interventions for older adults over 60. Given that a majority of our study participants had
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neurological issues, it is pertinent to focus on the effective health outcomes related to executive function,
cognition, and memory. A systematic review by Chueh et al. (2022) demonstrated that interrupting
prolonged sitting with physical activity breaks improves memory and cognition [70]. In our study, we
assessed the acceptability of SB interventions among participants, detailed the effective health
outcomes, and recommend VR assisted SB cycling as a valuable tool for enhancing executive function.
We also advocate for further research in this area to improve cycling e�ciency. These distinct
characteristics set our study apart from others and highlight its signi�cance in the �eld.

Strength of the study
 The robustness of this review lies in its comprehensive approach to data collection and analysis. By
searching seven databases across diverse disciplines, we ensured a thorough exploration of existing
literature on the topic. Our extensive search strategies and broad study selection criteria enabled us to
capture a wide range of relevant studies, enhancing the comprehensiveness of our �ndings.Moreover, our
team-based approach, involving independent review and multiple testing of the data inclusion and
extraction process, ensured the reliability and accuracy of our results. We applied evidence-based theories
for acceptability assessment, further strengthening the methodological rigor of our study. Additionally, the
use of the PEDro scale for quality analysis, where most of our studies were good quality, as well as low
risk of bias found among most of the studies assessed using the Cochrane Handbook "ROB 2.0" tools
which enhanced the robustness of our review.Another notable strength of our review is its focus on a
previously neglected population: older adults over the age of 60. By targeting this speci�c demographic
group, we were able to provide valuable insights into an understudied area of research, ultimately yielding
robust outcomes.

Weakness of the study

We encountered challenges in selecting a standardized tool for assessing acceptability, primarily due to
the paucity of robust scienti�c evidence concerning SB interventions. Consequently, we deemed studies
as fully acceptable only if they demonstrated a 100% acceptance, adherence, and retention rate, with no
dropouts reported. It is worth noting that the absence of complete data during acceptability analysis may
have in�uenced the calculated acceptability percentage. Additionally, the dropout rate is inversely related
to participants' acceptance, retention, and adherence rates, complicating the interpretation of results.
Despite these limitations, this review offers valuable insights into the extent of evidence regarding the
e�cacy of stationary bikes in PA interventions among older adults.

Conclusion
The analysis of 47 studies in this review our analysis revealed varying degrees of acceptability, retention,
adherence, and dropout rates in SBI, highlighting the nuanced landscape of intervention effectiveness
and participant engagement. While the overall acceptability rate was moderate at 38%, retention and
adherence rates were notably lower, suggesting challenges in sustained participant involvement.
Nonetheless, our �ndings underscore the potential of VR assisted SBIs in enhancing executive function
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among older adults, demonstrating promising results compared to non-VR interventions. This highlights
the feasibility of integrating VR technology into cognitive enhancement programs for this population.
However, further research is imperative to fully elucidate the e�ciency and effectiveness of VR-assisted
cycling testing. Future investigations should delve into the long-term impact, optimal duration and
frequency of VR interventions, and feasibility of incorporating VR technology into routine clinical practice.
Additionally, exploring acceptability, retention, adherence, and dropout rates in larger and more diverse
populations would provide valuable insights into the broader applicability and scalability of VR-assisted
interventions for cognitive enhancement in older adults.
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Figures

Figure 1

PRISMA Flow Diagram-Systematic Review: Study selection process
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Figure 2

Categorization according to focus points of the studies

Figure 3

Acceptance, retention, and adherence rate of stationary bikes among the study population
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Figure 4

Dropout rate of stationary bikes among study population
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