PLO\S\*\'- One

L)

Check for
updates

E OPEN ACCESS

Citation: Yaw XE, Teh PL, Lim WM, Lee SWH
(2025) Indoor mobility challenges among older
adults: A systematic review of barriers and
limitations. PLoS One 20(6): e0325064. https://
doi.org/10.1371/journal.pone.0325064

Editor: Jan Chrusciel, Centre Hospitalier de
Troyes, FRANCE

Received: November 5, 2024
Accepted: May 6, 2025
Published: June 4, 2025

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication
of all of the content of peer review and

author responses alongside final, published
articles. The editorial history of this article is
available here: https://doi.org/10.1371/journal.
pone.0325064

Copyright: © 2025 Yaw et al. This is an open
access article distributed under the terms of
the Creative Commons Attribution License,
which permits unrestricted use, distribution,
and reproduction in any medium, provided the
original author and source are credited.

RESEARCH ARTICLE

Indoor mobility challenges among older adults:

A systematic review of barriers and limitations
Xin Er Yaw®', Pei Lee Teh®?, Weng Marc Lim?, Shaun Wen Huey Lee®'*

1 School of Pharmacy, Monash University Malaysia, Subang Jaya, Selangor, Malaysia, 2 School of
Business, Monash University Malaysia, Subang Jaya, Selangor, Malaysia, 3 Sunway Business School,

Sunway University, Sunway City, Selangor, Malaysia

* shaun.lee@monash.edu

Abstract

Introduction

The global population is projected to double by 2050 with most older adults express-
ing preference to age in place. Despite this demographic shift, indoor mobility
challenges which directly impact independence, safety and quality of life remains
poorly understudied, creating a critical knowledge gap for effective intervention
development.

Methods

A systematic literature search was conducted on four databases from inception to
September 2024. Inclusion criteria included: (1) participants aged 60 years and
above; (2) were primary data on self-reported indoor mobility challenges; and (3)
published in English language. Two reviewers independently performed data abstrac-
tion, evaluated the risk-of-bias and quality of included article using the NewCastle
Ottawa Scale for cross-sectional or Joanna Briggs Institute Checklist for qualitative
studies. Thematic synthesis with constant comparison analysis identified key mobility
constraint factors.

Results

Nine studies encompassing 1,833 participants were identified. Older adults reported
four main indoor mobility challenges: fatigability, poor balance, home environmen-
tal barriers, reduced strength and limb weakness. These limitations contributed to
reduced endurance, even in indoor settings. The presence of various health condi-
tions further compromised their mobility and ability to age in place healthily.

Conclusion

To support ageing in place, a comprehensive environmental assessments and home
modifications can be considered. Multi-stakeholder collaborations are needed to

PLOS One | https://doi.org/10.1371/journal.pone.0325064 June 4, 2025

1/17



http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0325064&domain=pdf&date_stamp=2025-06-04
https://doi.org/10.1371/journal.pone.0325064
https://doi.org/10.1371/journal.pone.0325064
https://doi.org/10.1371/journal.pone.0325064
https://doi.org/10.1371/journal.pone.0325064
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-9890-6518
https://orcid.org/0000-0002-9107-478X
https://orcid.org/0000-0001-7361-6576
mailto:shaun.lee@monash.edu

PLO\Sﬁ\\.- One

Data availability statement: All relevant data
are within the manuscript and its Supporting
Information files.

Funding: The author(s) received no specific
funding for this work.

Competing interests: The authors have
declared that no competing interests exist.

support the independence, safety, and quality of life of older adults who wish to age
in place. Further research is warranted in suburban and rural areas to explore socio-
economic factors and determinants of indoor mobility.

Introduction

The global population is experiencing a significant shift, with a notable increase in the
population of older adults. By 2030, around one in six people worldwide will be over
60 years old, reaching a total of 1.4 billion individuals [1]. This number is expected to
double by 2050, with 2.1 billion older adults, and the number of those over 80 years
old will triple to 426 million [2]. This demographic change requires us to understand
and address the unique challenges faced by older adults, including age-related
health issues, reduced mobility and physical strength, increased risk of chronic dis-
eases, social isolation and limited access to healthcare or support services [2]. These
challenges are compounded by the strain on social resources and the shortage of
healthcare workforce, highlighting the critical need to ensure that older adults main-
tain an acceptable quality of life.

Older adults also experience age-related changes that can make daily activi-
ties challenging, thereby affecting their independence and overall well-being [3].
Research has shown that grip strength in men and walking speed in women declines
with age [4]. Additionally, there is a significant reduction in muscle mass compared to
overall body mass as people age, which has broader implications on their daily activi-
ties [4]. For instance, muscle atrophy or reduced muscle mass can lead to decreased
strength and endurance, affecting tasks like lifting objects, pulling levers, climbing
stairs, or engaging in activities requiring muscular power. This, coupled with stiffness,
balance issues, and deteriorating vision can make previously simple activities such
as climbing stairs or reaching objects a challenge [5—-7]. Therefore, addressing these
challenges is crucial for maintaining the independence and well-being of older adults,
enabling them to age in place successfully [8]. These changes underscore the impor-
tance of maintaining an active lifestyle, regular exercise, and strategies to preserve
muscle strength and mobility as individuals age. By addressing these challenges,
older adults can age in place, reduce the need for institutional care, promote well-
being, and prevent falls and injuries [9].

Importantly, for older adults to age in place, it is essential that they are able to
navigate their immediate environment and perform essential tasks necessary for
independent living. This ability depends on factors such as muscle strength, energy,
skeletal stability, joint functionality, and neuromuscular coordination [10,11]. This is in
addition to their ability to perform activities of daily living, such as walking, standing,
sitting, reaching, stooping, and other relevant movements. Nevertheless, both indoor
and outdoor environments pose structural barriers that can impede the mobility of
individuals with impairments [12].

Due to the limited mobility, older adults will experience a loss of autonomy,
increased fall risk, decreased physical activity, and reduced quality of life. There-
fore, it is important to create accessible environments to foster social inclusion and
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empower older adults to maintain independence. Despite the importance of this issue, there remains a gap in synthesising
existing knowledge and comprehensively understanding this issue. While most older adults typically spend a significant
amount of time indoors, most of the studies often focused on their outdoor mobility [13]. Therefore, this review aims to
explore the indoor mobility challenges among older adults. Findings of this review can be used by stakeholders such as
policymakers, healthcare professionals and caregivers to develop evidence-based policies that address the specific chal-
lenges faced by older adults who are age-friendly indoor spaces to promote ageing in place.

Materials and methods

This study was adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [14]. The study protocol was registered on PROSPERO (CRD42023438135).

Search strategy

A comprehensive literature search was conducted to identify for relevant studies addressing indoor mobility challenges
among older adults. In this study, indoor mobility was defined as any movement/event that occurred within or inside a
residential building or sheltered/covered space such as home, nursing home or residential home. Four electronic data-
bases were searched: PubMed, Embase, CINAHL Plus, and PsycINFO from database inception to September 30 2024.
Search terms included indoor mobility, home mobility, indoor activities, home activities, life-space, challenge*, problem*,
older adults and geriatric (see S1 File for full search strategy). This was supplemented with a review of references of the
included studies to identify any additional relevant articles.

Study eligibility criteria

We included studies of any design (e.g., cohort, cross-sectional, case reports, qualitative) that examined the indoor space
environment and mobility challenges experienced by an older adult aged 60 years and above, published in English lan-
guage. Studies were excluded if these were: 1) letters to the editor, case reports, commentaries, or abstracts; or 2) were
conducted in non-human subjects.

Study selection, data extraction and risk of bias

References identified from all database searches were imported into Endnote (Clarivate Analytics) and duplicate citations
were removed. Two reviewers (XEY, CKN, KFT or PLT) independently screened the titles and abstract for initial eligibil-
ity and full-text articles were obtained if considered eligible. Each full-text article was independently assessed for final
inclusion. Data extraction was performed independently by two reviewers using a standardised form (S2 File). These data
included study characteristics, study location, population characteristics and reported mobility challenges.

Two reviewers independently completed the quality assessment of each study using the NewCastle Ottawa Scale for
cross-sectional studies [15] and Joanna Briggs Institute (JBI) Checklist for qualitative studies [16]. Any disagreements
between reviewers were resolved through discussion and consensus with input of the last author.

Data synthesis

Consistent with previous systematic reviews, we summarised results and described them narratively [17,18]. An induc-
tive thematic synthesis was conducted by two authors to analyze the extracted data. This process involved line-by-line
coding, theme categorization, and the development of analytical themes, following the approach outlined by Braun and
Clarke [19]. Data from various questionnaires were also themed by analysing the underlying meaning and patterns within
the numerical data. Results were cross checked by the last author, and discussions were held and cross-validated among
reviewers until consensus on the final themes were achieved. Data were analysed using NVivo 12 (Lumivero).

PLOS One | https://doi.org/10.1371/journal.pone.0325064 June 4, 2025 3/17




PLO\S\% One

Records identified from:-
Database (n=1,422)

Records removed before screening
Duplicate records removed (n=270)

Y

H 1,152 “ 1,133
Excluded abstract/ conference and
Records screened .
review papers

\ 4

Reports sought for retrieval

Excluded
8 Did not assess indoor
mobility challenges
2 Published in other language

A

Reports assessed for eligibility

Y

Reports included in analysis
from 9 eligible studies

Fig 1. PRISMA flow chart detailing included/excluded articles.

https://doi.org/10.1371/journal.pone.0325064.9001

Results and discussion

A total of 1422 articles were identified and 1152 articles were screened for eligibility after removal of duplicates. Nineteen
articles were selected for full text screening and nine met the inclusion criteria (Fig 1). Reasons for exclusion included
studies that did not assess indoor mobility challenges (n=28) or were published in other languages (n=2, S1 Table). The
nine studies recruited a total of 1,833 participants, with the mean age between 696 years and 93 years [20,21], and
included mostly females. Six studies were performed in Europe, two in United States and one study in Asia, namely Tur-
key. These studies were conducted in either a community setting [20—27], institutionalised setting [21,23—-25,28] or both.
The characteristics of the included studies are found in Table 1. The studies included in this review were rated as having
medium to high methodological quality (S2 Table and S3 Table). Most of the included studies had a satisfactory level of
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methodological rigour. However, there were some limitations in the study design which may limit the generalisability of the
results [20—-23,25].

Summary of findings — Indoor mobility challenges

Factors contributing to indoor mobility challenges faced by older adults were organised into four main themes as below
(Fig 2).

Fatigability

Activity tolerance in older adults encompasses the ability to engage in various activities and maintain different body posi-
tions, including walking, climbing stairs, and performing kitchen or cleaning tasks. Older adults commonly attribute difficul-
ties in these activities to self-reported musculoskeletal or cardiopulmonary conditions [22]. Two studies also reported how
indoor mobility activities of older adults is limited due to reduced endurance or fatigability, leading to slower walking and
gait speeds [21,28]. Indeed, nearly one in every four older adult (22.9%) were reported to experience fatigue when trans-
ferring or moving indoor, with 32.1% reported fatigue especially among those with co-morbidities [21]. In another study by
Clemencon and colleagues, the authors that leg muscle mass can be an important parameter to use as it predicts fatiga-
bility and therefore physical performance.

As individuals age, the prevalence of chronic diseases rises, with more than half of the population (68.8%) requiring
pharmacotherapies [20]. The use of medication was found to impact their mobility as older adults reported experiencing
fatigue with these medication use. In particular, there was a 10% increase in the likelihood of reporting indoor mobility-
related fatigue with every additional medication taken by an older adult [21]. Additionally, older adults reporting musculo-
skeletal pain were twice as likely to report fatigue, and the presence of depressive symptoms was significantly associated

Challenges to Indoor Mobility in Seniors

The tendency to tire easily, affecting mobility

Poor Balance

Difficulty maintaining stability, leading to falls

Home Environmental Factors

Aspects of the home that hinder mobility, like clutter or
poor lighting

Reduced Strength and Limb Weakness

Decreased muscle strength and weakness in limbs

Fig 2. Indoor mobility challenges of older adults.

https://doi.org/10.1371/journal.pone.0325064.9002
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with reported fatigability, which led to reduced mobility [21]. Among frail older adults, this fatigue led to decreased step
counts, increased sedentary behaviour, and greater levels of disability compared to their more robust cohort [20].

Poor balance

Functional mobility and balance, stemming from previous falls, are common health barriers among older adults, leading to
decreased balance, unsteadiness, and concerns about night time bathroom accessibility [15]. While home-dwelling elders
generally exhibit better balance compared to institutionalised elderly individuals, approximately one-third of older adults
expressed fear of falling, significantly impeding their mobility [17]. May and colleagues established an inverse relationship
between balance (measured by mean sway path) and mobility index, indicating that better balance corresponds to higher
mobility scores. Conversely, individuals with a fear of falling display lower mobility, slower walking speeds, and higher
mean sway path values, indicating poorer balance [19]. While reasons for the poor balance vary, these were identified
due to several factors, including the use of medications, the consumption of alcohol, inner ear imbalance as well as cer-
tain medical conditions, such as cognitive impairment [19]. Importantly, for an older adult to be mobile out of doors, this
required them to have a moderate or rapid gait speed, which are often lacking among those with poor balance [26].

The review also noted an association between cognitive impairment and the likelihood of misjudging daily activities,
especially those living in nursing homes [25]. These results underscore the importance of considering cognitive state
when evaluating self-assessed mobility, especially for those living in nursing homes [25]. Mobility limitations negatively
impacted daily activities including feeding, bathing, grooming, dressing, continence (bowels and bladder), toilet use, trans-
fer, mobility, and stairs climbing [25]. Studies also reported that due to hearing loss, bowel and bladder issues, and vision
impairments contribute to poor balance, thereby increasing the risk of falls [26].

Home environment

The home environment was identified as the key factor that can either support or hinder the indoor mobility of older adults,
often contributing to falls due to poor balance. In particular, older adults described the importance of creating a safe and
accessible living environment at home to support indoor mobility among older adults [22]. For instance, hazards such

as damaged or broken stairs and railings, poor lighting, loose areas of rugs and obstacles in walkways were reported to
cause these older adults to be wary, as they worry about the risk of falling [22]. Due to these factors, older adults were
reported to limit their movements indoors which led to reduced mobility indoors and decline in independence [26].

Reduced strength and limb weakness

Both reduced physical strength and limb weaknesses due to ageing among older adults were reported to significantly
impact the ability of older adults to move indoors, with a concomitant toll on access to daily activities. For instance, studies
have reported that older adults experience a reduced range of motion, which limits their mobility, flexibility, and walking
speed [23]. These limitations were more pronounced among those living in retirement communities, as they were reported
to engage in fewer daily steps, and exhibit lower activity levels [20,23,27] compared to those living independently in

the community [24]. This limitation was even more pronounced among those with frailty, where Brustio and colleagues
reported that among frail older adults, they were more likely to experience indoor mobility restrictions and higher levels of
disability [20].

In this study, we aimed to summarise the indoor mobility challenges experienced among older adults. The findings
suggest that physical limitations, such as reduced physical capacity, poor balance and coordination, and decreased
endurance can significantly impact indoor mobility among older adults [13,29,30]. In particular, for frail older adults, this is
an important mediating factor that further affects autonomy and disability [31], suggesting the potential benefits of physical
activity interventions such as strength training, balance exercises and gait training for this population [31,32].
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The study findings provide support for previous research, indicating a significant relationship between chronic diseases
and medication use, as well as cognitive and depression with indoor mobility challenges [33—35]. For instance, studies
have reported that the use of Z-drugs and anticholinergics can impair functional status among older adults [36,37]. These
highlight the important relationships between suboptimal prescribing, and functional status which can impact mobility. As
such, one effective intervention could involve the deprescribing of medication, or withdrawal of medications [38]. Stud-
ies to date have consistently reported the benefits of deprescribing in reducing the number of falls, which can potentially
improve mobility among older adults [39].

The potential of environmental assessments and structural home modifications is another important aspect to consider
in promoting indoor mobility and fall prevention among older adults, especially among older adults dwelling in the com-
munity. Studies have shown that environmental modification such as installation of grip bars in the bathroom can poten-
tially reduce falls. The consequences of falling are detrimental for older adults as they are susceptible to fractures [40].

A practical approach would be to offer environmental assessments and modifications to older adults who have recently
experienced a fall. This process should include a comprehensive physical assessment, such as the home fall prevention
checklist for older adults by Center for Disease Control and Prevention [41], providing home modification to improve task
performance and safety and use of assistive technology such as grab rail [42], in-home monitoring and domestic robots
[43,44] to maintain or improve independence in this group [45,46]. Additionally, home design changes, such as installing
lower-height cupboards and switches, can accommodate older adults with reduced range of motion, making it easier for
them to perform tasks such as placing items in overhead cupboards or turning on switches. It is also important to con-
sider the preferences and abilities of older adults in the implementation of these modifications to ensure their maximum
success.

Areas requiring further investigation

Geographic scope and challenges in suburban and rural areas. Expanding research beyond urban areas to
include suburban and rural settings is important. Investigating indoor mobility challenges in these regions will uncover
specific environmental, social, and infrastructural factors that impact mobility. Tailored interventions can then be developed
to address the distinct needs of older adults in different geographic contexts. For example, in the United States,
Continuing Care Retirement Community (CCRC) provides a form of ageing in place in which an individual can transition
between different units within the same community as their needs change [47]. Another example is the Certified Aging-
in-Place Specialist (CAPS) program that is developed to support professionals who are engaged in making structural
changes to improve the safety of older adults’ homes [48].

Socioeconomic factors and determinants. To date, there is limited understanding of how socioeconomic factors
affect indoor mobility among older adults. As such further exploration and understanding how socioeconomic status (e.g.,
income, education, and housing affordability) affects indoor mobility will help identify specific barriers and facilitate the
development of strategies that promote equitable access to resources. Understanding how socioeconomic factors shape
the physical environment, access to assistive devices, social support networks, caregiving arrangements, and healthcare
utilisation is vital for developing interventions that address the underlying determinants of indoor mobility challenges. From
the perspective of the Selection, Optimization, and Compensation (SOC) model [49] of successful ageing, older adults
who set goals to maximise their mobility capabilities are more likely to experience a better quality of life. Implementing
multiple strategies to address mobility challenges, such as optimising available resources and compensating for physical
limitations, could empower older adults to maintain their independence and improve their overall well-being.

Living environment. Our review also suggests that there may be baseline differences in terms of frailty and cognitive
ability of older adults living in the community and institutional settings [23,26]. As such, different levels of interventions
may need to be tailored for these individuals from different setting. For instance, as older adults living in institutional
settings are more likely to be frail, they may require interventions focusing on compensatory strategies compared to
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those living in the community which may require exercises to improve their strength and balance. Future research should
explicitly separate and compare indoor mobility challenges between institutional and community settings to develop more
targeted and supportive care approaches.

Implications and applications. Given the multifaceted nature of ageing and mobility, there is a need for collaboration
among various stakeholders. Healthcare professionals play a vital role promoting mobility in older adults. For instance,
they could encourage older adults to participate in strength training, balance exercises, and gait training, which have
been found to be effective in promoting physical strength [32,50]. In addition, physicians and pharmacists should regularly
conduct medication review to optimise the medication regimens and minimise side effects, while also educating older
adults about the potential impact of medications on mobility [34,51,52]. Collaboration between healthcare professionals,
pharmacists, and older adults can ensure appropriate medication use and minimise its impact on mobility.

Another aspect that could be included is the use of cognitive assessments into mobility evaluations in nursing homes to
identify individuals at risk of misjudging their abilities [25]. Accessible mental health services should be readily available to
address depressive symptoms and provide support for cognitive changes [53]. Caregivers and family members should be
educated about the relationship between cognitive impairment and mobility to provide appropriate assistance and support.
Community organisations and support groups should offer resources and programs that promote cognitive health, social
engagement, and mental well-being among older adults [54].

Housing providers and policymakers should prioritise the implementation of accessible design principles, including
adequate lighting, handrails, non-slip surfaces, and the removal of environmental hazards [55]. Collaboration between
ageing-in-place programs and community services is essential to provide necessary resources such as donation services,
exercise programs, physical therapy referrals, and transportation services [56]. Accessible and affordable home improve-
ment and repair services should be made available to address maintenance needs and ensure home safety [57]. For
residence facilities, Guidelines for Design and Construction of Residential Health, Care and Support Facilities developed
by Facility Guidelines Institute could be useful [58].

Strengths and limitations

The study offers several strengths. Firstly, this study offers a comprehensive review of the literature by integrating both
qualitative and quantitative data, providing a holistic understanding of the indoor mobility challenges faced by older adults.
We also identified several research gaps and offered future directions, which can serve as a valuable resource for policy-
makers, healthcare professionals, and stakeholders, informing interventions and evidence-based practices.

However, limitations and potential biases must be acknowledged. Language restrictions may have limited the inclusion
of studies from diverse cultural and socioeconomic contexts. The absence of quantitative data synthesis hinders precise
effect estimates and strength of evidence assessment, reducing overall robustness. The subjective nature of narrative
reviews poses a risk of over-generalisation or sweeping statements based on limited evidence. Despite these limitations,
the integration of qualitative and quantitative data contributes to a broader understanding of indoor mobility challenges in
older adults. Future research should address these limitations by including more qualitative studies, conducting quantita-
tive synthesis where appropriate, and adopting rigorous methodologies to strengthen the evidence base.

Conclusions

In summary, this study identified challenges older adults face in indoor mobility, including physical limitations, frailty,
chronic diseases, medication use, and environmental barriers. To optimize implementation, future studies should exam-
ine the cost-effectiveness of different implementation models across diverse geographic and socioeconomic contexts to
create more adaptable approaches to aging-in-place. Our findings also challenge the current paradigm that aging-in-place
can succeed without systematic support structures. The evidence demands not just acknowledgment of these challenges
but decisive action to transform how we support indoor mobility among older adults.
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