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Impact of interior design factors on the physical,
physiological, and mental health of older adults—a
scoping review

Yu-Wei Yu' & Yi-Kai Juan'®

As individuals age, they tend to spend more time indoors, underscoring the increasing
importance of interior design for healthy aging. Although existing research on this topic is
extensive, it lacks integration and consistency, thereby hindering the development of con-
crete design guidelines. This study employed a scoping review to systematically examine
existing literature, clarifying how interior design factors—including indoor environmental
quality, layout, and elements—affect the physical, physiological, and mental health of older
adults. Following the PRISMA-ScR guidelines, 64 empirical studies published between 2005
and 2024 were analyzed, sourced from Web of Science, Scopus, and PubMed databases. This
scoping review highlighted seven key interior design principles that influence older adults'
health: lighting, thermal environment and air quality, spatial layout, barrier-free design, space
size, furniture, and relaxation design. The study also revealed evolving research trends
through VOSviewer keyword analysis. Across the reviewed studies, differences in design
recommendations appeared to reflect regional contexts and varying degrees of frailty among
older adults. However, research on physiological responses to various interior design factors
remains relatively limited. Future studies could benefit from integrating smart sensing
technologies and interdisciplinary approaches to deepen the understanding of how interior
design influences the health of older adults.
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Introduction

he global population is aging. According to the United

Nations (2022), the proportion of individuals aged 65 and

older is projected to increase from 9.7% in 2022 to 16.4%
by 2050. This demographic shift will place substantial pressure on
public health systems, societal infrastructure, and economic sta-
bility. Consequently, creating supportive environments for older
adults not only improves their quality of life but also reduces the
burden on caregivers and may offer potential economic benefits
(van Hoof et al., 2010).

Aging presents challenges such as declining vision and hearing,
reduced mobility, and increased feelings of loneliness, all
requiring special consideration in interior design (Engineer et al.,
2018; van Hoof et al, 2010). Interior design factors can sig-
nificantly affect their physical, physiological, and mental health.
For instance, lighting influences not only vision and decision-
making behaviors (Wang and Leung, 2023) but also daily activ-
ities and independence (Falkenberg et al., 2019; Leung et al,
2023). Moreover, appropriate lighting design plays a critical role
in regulating sleep patterns and circadian rhythms, potentially
mitigating tendencies toward depression and anxiety (Desjardins
et al,, 2020; Figueiro et al., 2020; Hickman et al., 2007). Therefore,
the influence of interior design factors on older adults’ health is
multifaceted and complex. A comprehensive understanding of
how indoor environments affect physical, physiological, and
mental health is essential for designing safe and comfortable
housing for this population.

Due to practical and methodological constraints, most
empirical studies are limited to examining specific health out-
comes or focusing on particular interior design factors (Linde-
mann et al, 2014; Torres et al, 2020; Figueiro et al, 2020).
Consequently, research in this field tends to be fragmented, with
concentrated efforts in some areas and notable gaps in others. To
address this imbalance and synthesize existing knowledge, sys-
tematic and scoping reviews have become widely adopted
approaches. These methods involve comprehensive keyword-
based searches across major databases, followed by rigorous
screening procedures to identify relevant literature. Many of these
reviews adhere to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines to ensure
methodological transparency and reproducibility (Azim et al,
2023; Kropman et al., 2023; Colenberg et al.,, 2021). The selected
studies can then be categorized and analyzed to clarify research
patterns and inform future directions.

Currently, several studies have employed the PRISMA
guidelines as a research method to integrate the correlation
between the environment and physical health (Cai et al., 2024),
mental health (Kropman et al., 2023), or personal well-being
(Colenberg et al., 2021). Although there have been systematic
reviews on environmental factors and the health of older adults,
they mainly focus on the impact of neighborhood environments
or outdoor environments on people (Barnett et al., 2017; Bar-
nett et al., 2018; Peters et al., 2020; Zhou et al., 2022). As
individuals age, they tend to spend more time indoors, ren-
dering interior design an increasingly critical factor in sup-
porting healthy aging. To date, no comprehensive review has
synthesized findings across diverse interior design factors and
their impact on various health dimensions. Therefore, this
scoping review aims to bridge this gap by systematically map-
ping the literature on how interior design factors influence the
physical, physiological, and mental well-being of older adults,
thereby identifying research gaps and informing future studies
and design practices. To support conceptual clarity, this review
defines “interior design factors” as modifiable features within
indoor environments such as lighting, layout, barrier-free
design, and furniture.
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Methods

This study employed a multi-stage scoping review process that
combined structured literature screening, thematic classification,
and bibliometric visualization. The methodological framework
comprised three main components: (1) adherence to PRISMA-
ScR guidelines for literature selection, (2) design-health mapping
through a classification matrix, and (3) keyword co-occurrence
analysis using VOSviewer to map conceptual patterns and
visualize their temporal evolution.

Literature search and selection criteria (PRISMA-ScR). This
study adheres to the PRISMA-ScR guidelines (Tricco et al., 2018),
a framework specifically developed to enhance the transparency
and structure of scoping reviews. This method facilitates the
systematic identification of evidence, mapping of key concepts,
and clarification of research gaps in complex and multi-
disciplinary fields. Given the diverse range of interior design
studies related to older adults’ physical, physiological, and mental
health, a scoping review enables broader inclusion and thematic
synthesis of heterogeneous findings.

The initial literature search was conducted in the Web of
Science, Scopus, and PubMed databases, focusing on English-
language articles published between 2005 and 2024. These
databases were selected for their comprehensive coverage of
multidisciplinary research in health, environmental design, and
gerontology. The following keyword combination was used:
(“older adult” OR “older people” OR elderly) AND (“housing”
OR “interior” OR “indoor” OR “living” OR “home” OR
“residential”) AND (“environment” OR “space”) AND (“physio-
logical” OR “health” OR “intervention”). The search encom-
passed the title, abstract, and keywords of the articles. The
keyword “physiological” was included to capture studies primar-
ily focused on physiological measurements in older adults, while
“health” was used as a broader term to encompass both physical
and mental health. The keyword “intervention” was added to
identify studies on environmental interventions aimed at
improving the health of older adults.

A two-stage screening process was employed to identify
relevant studies. First, title and abstract screening was conducted
to exclude irrelevant studies based on the following criteria: (1)
Studies not directly related to the built environment, such as
those in medicine or social sciences (n = 5872); (2) Articles with
titles that did not explicitly describe indoor environments
(n=2891). This initial screening resulted in 3426 articles. Second,
a more rigorous abstract review was conducted to eliminate
articles that did not explicitly address the relationship between
interior design factors and older adult health. A keyword search
of abstracts resulted in the removal of 2210 articles, and an
individual screening of abstracts led to an additional exclusion of
1044 articles.

From the remaining 172 papers, further filtering was
conducted based on the following criteria: (1) Non-quantitative
research (n = 18): Studies employing solely qualitative research
methods (e.g., narrative interviews, focus groups, and theoretical
modeling) were excluded. Studies that included any quantitative
analysis (i.e., mixed-methods designs) were retained; (2) Articles
without full-text access (n = 8); (3) Studies not explicitly focusing
on the relationship between interior design factors and physical,
physiological, or mental health (n=50); (4) Articles solely
addressing basic building services (e.g., water supply, electricity)
or non-modifiable architectural factors (e.g., building type,
structural materials) (n=32). This filtering process resulted in
the selection of 64 papers. The study selection process and
eligibility criteria are illustrated in Fig. 1.
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Fig. 1 Flow diagram of the paper screening process. The diagram summarizes the screening stages of the scoping review based on PRISMA-ScR, resulting

in the final inclusion of 64 studies.

Classification and interior design-health mapping matrix. To
gain deeper insights into the scope and findings of the selected
studies and to allow for thematic mapping of interior design-
health associations, we categorized the reported interior design
factors and their relationship to older adults’ health. This cate-
gorization yielded three primary classifications of interior design
factors: “Indoor Environment Quality (IEQ),” “Layout,” and
“Elements.” The health classification of older adults was based on
the WHOQOL definitions of “Physical Health” and “Mental
Health.” In recent years, physiological measurements have been
increasingly recognized as an objective method for health
assessment, capable of providing real-time, quantitative health
indicators, thus generating a significant body of research.
Therefore, this study incorporated “Physiological Health” as an
additional category to reflect the current state of the literature.
The sub-categories within each classification are detailed below.

“IEQ” primarily encompassed the acoustic environment,
lighting, thermal environment, and ventilation/air quality. “Lay-
out” referred to functional spatial zones within the living
environment, including the balcony, bathroom/toilet, bedroom,
kitchen, and living room. Only studies that directly addressed the
presence or configuration of these spaces in relation to health
outcomes were included in this category. If a study addresses

other interior design factors within these spaces, such as lighting
in the living room, it is classified under the lighting subcategory of
IEQ. “Elements” referred to smaller-scale design features. These
elements are considered crucial design details and can impact the
health of older adults in multiple ways. This study adapted the
classification framework of Lee et al. (2013), modifying it to better
align with the criteria of the present research. The final
classification included barrier-free design (e.g., handrails, call
buttons), color, curtains/louvers, flooring, furniture, indoor
plants, materials, outside views, shower/toilet type, space size,
and windows/doors.

Regarding health, “Physical Health” primarily encompasses
“activities of daily living (ADL),” “pain and discomfort,”
“mobility,” “sleep” and rest,” and “visual health.” This study
also incorporates “fall risk” as a distinct category, given its
impact on the safety and independent living capabilities of
older adults. While some studies focus narrowly on specific
physical conditions or functions, this study adopts a broader
approach by including a subcategory of “general physical
health,” enhancing the comprehensiveness and applicability of
the classification system. “Physiological Health” concerns
physiological measurements related to the physiological
responses of older adults. The physiological indicators included
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Fig. 2 Distrubution of health dimensions across the 64 reviewed studies. This figure shows the number of studies addressing physical, physiological, and

mental health, either independently or in combination.

in this study are: “body/skin temperature,” “cardiovascular
response” (e.g., blood pressure, heart rate, HRV, and other
cardiovascular-related measurements), “circadian rhythm”
(sleep-related responses), “skin conductance” (using skin
electrodes), and “EEG” (electroencephalogram). These indica-
tors provide an objective perspective on the immediate
responses of older adults in various environments. “Mental
Health” is developed drawing upon the classifications within
the WHOQOL framework (WHOQOL Group, 1998). In
addition to delineating “feelings/emotions” and “cognitive
state,” factors related to key mental health issues such as
“anxiety,” “depression,” and “loneliness” are incorporated.
Furthermore, research on geriatric mental health frequently
addresses Alzheimer’s disease and other dementia-related
concerns, often manifesting in behavioral symptoms like
aggressive behavior or agitation. Therefore, “behavioral symp-
toms” are included to provide a more comprehensive assess-
ment of the mental health status of older adults. Finally, to
encompass general mental health evaluations, a “general mental
health” factor is also added. This ensures the inclusion of
studies that assess overall mental well-being, without a specific
focus on particular emotional states.

Keyword co-occurrence map (VOSviewer). To complement the
interior design-health mapping matrix, keyword co-occurrence
analysis was conducted using VOSviewer, a bibliometric and
scientometric visualization tool (van Eck and Waltman, 2009;
Gutiérrez-Salcedo et al, 2018). Numerous peer-reviewed pub-
lications have validated its utility across various disciplines. Its
algorithms and visualization methods have been shown to pro-
duce stable and replicable results, establishing it as a credible and
reliable tool for mapping research themes and keyword rela-
tionships. VOSviewer processes large textual data (e.g., titles,
abstracts, and keywords) and visualizes relationships between
frequently co-occurring terms. This tool facilitates rapid and clear
understanding of connections between concepts or terms across
research fields (Yang et al., 2024; Gutiérrez-Salcedo et al., 2018).

In this study, the full counting method was applied, in which
each keyword pair was counted once per article. Keywords with a
minimum occurrence of two were included in the analysis. To
balance the influence of keyword frequency, association strength
was applied as the normalization method. This approach adjusts
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for size differences in keyword occurrence, providing a more
accurate reflection of the actual relationships between keywords
(van Eck and Waltman, 2009).

Results

Our scoping review identified seven distinct patterns of health focus
across the 64 included studies, reflecting a fragmented but gradually
integrating research landscape (see Fig. 2). While physical health
(n=19) and physiological health (n =17) have received compar-
able levels of attention, mental health (n=9) has been less fre-
quently addressed. Notably, studies incorporating multiple health
dimensions remain limited, suggesting that integrative approaches
are still in their early stages. Research addressing mental health
appeared earliest, with the first publication in 2007, followed by
research on physical health in 2012. However, studies explicitly
focusing on physiological health did not emerge until 2014,
reflecting a later recognition of this dimension as an independent
research area. Regarding combined health dimensions, studies
integrating physical and mental health were the most prevalent
(n=15). In contrast, research combining physical and physiologi-
cal health was much less common, with only one publication.
Similarly, studies merging physiological and mental health were
limited to just two publications. A single study in 2020 addressed all
three health dimensions. Overall, research on physiological health
remains less explored compared to physical and mental health.
Nonetheless, its integration with other health dimensions represents
a relatively novel and evolving approach within the field.

Associations  between interior design factors and
physical health. Figure 3 presents a matrix of interior design
factors and associated health outcomes across the 64 included
studies. Among physical health factors, “fall risk,” “ADL,” and
“mobility” were the most frequently examined outcomes, with
“barrier-free design,” “lighting,” and “bathroom” configurations
being the most frequently examined interior design factors.
“Pain and discomfort” and “general physical health” were both
associated with “thermal environment,” “ventilation/air quality,”
and “lighting.” There is currently no strong evidence linking other
interior design factors to “pain and discomfort.” “Sleep and rest”
was most frequently associated with “lighting,” with six studies
confirming a significant relationship. In contrast, other interior
design factors received relatively little attention in relation to
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Fig. 3 Matrix of inderior design factors and associated health outcomes. The matrix categorizes interior design factors by IEQ,layout, and elements,
mapping their associations with physical, physiological, and mental health outcomes based on findings from 64 reviewed studies.

“sleep and rest”; only one study each has identified a significant
association with “color” and with “outside views.” “Visual health”
has received limited research attention and has only been
associated with “lighting,” “barrier-free design,” “furniture,” and
“window/door” design. This imbalance underscores the need for
further research into underexplored areas and into how a broader
range of design features can support physical functioning across
daily routines.

Associations  between interior design factors and
physiological health. Among the six physiological health out-
comes reviewed, “cardiovascular response” was the most fre-
quently studied, followed by “body/skin temperature” and “skin
electrodes” (see Fig. 3).

Studies on physiological health have predominantly focused on
“cardiovascular response,” with the thermal environment emerging as
the most frequently examined factor (n = 9). This emphasis reflected
the well-documented sensitivity of older adults to temperature
fluctuations and the physiological stress linked to thermal discomfort.
Only a few studies have examined the influence of “indoor plants,”
“ventilation/air quality,” “color,” “material,” or “outside views,”
highlighting a lack of diversity in the environmental variables
explored and suggesting opportunities for broader future research.
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The second most frequently studied physiological factor was
“body/skin temperature,” which was only linked to thermal
environment (n=7), indicating a lack of research connecting
body/skin temperature with other interior design elements.
Other physiological measures, such as “skin electrodes,” were
used to assess stress-related responses (e.g., nervousness,
anxiety, emotional instability). These were applied in studies
examining the effects of “lighting” (n = 1), “thermal” conditions
(n=2), and “indoor plants” (n = 1). These findings suggest that
“lighting” and “temperature” influence not only subjective
comfort but also measurable stress levels in older adults. In
addition, two studies linked “lighting” to “circadian rhythm”
regulation, reinforcing its role in maintaining sleep-wake cycle
stability. One study investigated how interior “color” affected
“EEG” activity, using this physiological measure to objectively
assess older adults’ color preferences (Jung et al., 2022).
Interestingly, all three studies that addressed the presence of
“indoor plants” focused specifically on physiological health
outcomes, suggesting a promising yet underexplored area of
research into the restorative or stress-reducing effects of
biophilic design. However, despite growing interest in biophilic
design in general environmental research, its application in
studies on the physiological health of older adults remains
limited.
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Associations between interior design factors and mental health.
Among the six mental health outcomes reviewed, “depression”
was the most frequently studied, followed by “general mental
health” and “feelings/emotion” (see Fig. 3). “Lighting” was the
most commonly cited environmental factor linked to “depres-
sion” (n=>5), followed by “bathroom/toilet” (n=2). Notably,
“bedrooms” did not appear in studies related to “depression”;
however, one study found that the absence of a private bedroom
was associated with increased “anxiety,” suggesting that the
absence of private spaces may exacerbate anxiety instead of
depression. No studies linked the balcony, kitchen, or living room
to anxiety, potentially reflecting the unique mental functions of
private versus communal environments.

For “general mental health,” diverse interior factors were
implicated, including “lighting,” “acoustic environment,” “bar-
rier-free design,” “color,” “furniture,” “space size,” and “window/
door.” Regarding “feelings/emotions,” “lighting” again emerged as
a dominant interior design factor (n = 4). A few studies explored
the influence of interior design factors like “color,” “flooring,”
“furniture,” “outside view,” and “window/door” on this category.
Among these interior design factors, “furniture” stood out as the
only factor significantly linked to loneliness, and was also
associated with cognitive state, feelings/emotions, and general
mental health. This suggests that furniture, due to its daily
functional and emotional proximity, plays a critical yet under-
recognized role in supporting older adults’ mental well-being.
Further research is needed to explore the emotional impact of
other interior design factors currently underrepresented in
literature.

Discussion

This discussion delves into the associations between interior
design factors and health, highlighting seven key interior design
principles that influence older adults’ health. To support the
analysis, VOSviewer was employed to visualize keyword co-
occurrence patterns and to identify research trends and gaps
across the reviewed literature. In the following figures, circle
size represents the frequency of keyword co-occurrence, while
color indicates the average publication year of the articles in
which the keyword appeared. Purple represents earlier studies,
whereas yellow indicates more recent publications. Ultimately,
this study provides insights into the variations and underlying
implications of these principles across diverse regions and
populations.

Lighting to support rest and activity. Lighting has emerged as
the most comprehensively studied interior design factor, parti-
cularly due to its effects on rest, mood, and daily functioning.
Appropriate lighting design improves sleep quality, supports
healthy circadian rhythms, reduces depressive symptoms, and
assists older adults in daily life. Figure 4 presents the temporal
keyword co-occurrence network of “lighting.” Early-stage
research concentrated on sleep-related topics, mid-stage
research shifted toward depression, and later studies introduced
detailed design elements such as color temperature and visual
environment.

Initial studies primarily explored lighting as a tool to improve
sleep and circadian rhythms. Light therapy was shown to enhance
melatonin secretion, sleep efficiency, and alleviate depression in
individuals with dementia (Garre-Olmo et al., 2012; Leung et al,,
2017; Hopkins et al., 2017). Subsequent research refined this
approach through dynamic color temperature schemes, using
blue-enriched light during the day, gradually lowering intensity,
and shifting to warmer (yellow) light at night (Shishegar et al.,
2021; Shishegar and Boubekri, 2022). More recent studies have
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expanded this focus to include visual environment design that
supports daily activities. For instance, ambient lighting in living
areas should exceed 2001lx, while task lighting should reach
500-7501x to support visibility and independence (Wang and
Leung, 2023). Additionally, spatially uniform luminance distribu-
tion and fixtures with adjustable brightness and color temperature
have been shown to improve user satisfaction (Leung et al., 2023).

US-based studies highlighted a medicalized and interventionist
approach focused on regulating biological rhythms through time-
specific exposure (Hickman et al. 2007; Figueiro et al., 2020;
Shishegar et al, 2021; Shishegar and Boubekri, 2022; Figueiro
et al,, 2023). In contrast, East Asian designs emphasized spatially
integrated lighting strategies, such as navigation cues, differ-
entiated illuminance levels and overall luminance balance (Leung
et al,, 2023), to support ADL and physical comfort (Fu et al,
2022; Wang and Leung, 2023). Together, these findings under-
score the role of culturally and spatially tailored lighting strategies
in enhancing rest, activity, and emotional regulation for older
adults.

Personalized responses to thermal and air quality stressors.
Over the past decade, research on thermal environments and
older adults has expanded from subjective assessments to include
more technologically integrated approaches. As shown in Fig. 5,
early-stage keywords such as “physical performance” and “risk
factor” appeared in darker colors, indicating that initial studies on
thermal environments focused on temperature extremes in
healthcare facilities (Garre-Olmo et al., 2012; Lindemann et al,,
2014). Beginning around 2015, attention shifted toward “beha-
vioral symptom,” “psychological symptom,” and objective phy-
siological indicators such as “cardiovascular response” (Fink et al.,
2015; Wang et al., 2019; Xiong et al.,, 2019). During this period,
behavioral symptoms in relation to thermal conditions also
gained attention (Tartarini et al., 2017). More recent studies have
emphasized terms like “pain,” “disease,” and “arthritis,” suggest-
ing a growing interest in the pathological consequences of ther-
mal exposure among older adults (Guo et al., 2022; Zhou et al,,
2023; Meade et al., 2024).

Figure 5 positions “thermal environment” and “ventilation/air
quality” in close proximity, linked by a thick line, indicating that
they were frequently examined together. Empirical evidence
supported this co-occurrence: during two severe heatwave
episodes, residents closed windows to avoid overheating, which
led to increased indoor CO, concentrations and elevated
cardiovascular strain (Fink et al., 2015). The study also confirmed
that combined thermal load and poor indoor air quality have a
stronger impact on cardiovascular parameters than exposure
alone. Regarding air quality improvement strategies, Chen et al.
(2020) identified indoor plants as a practical and low-cost method
to reduce indoor PM2.5 and TVOCs. Zhang et al. (2024a, 2024b)
further reported that HVAC interventions have the strongest
mediating effects through indoor cold exposure, followed by air
pollution and wet exposure, and that HVAC behavior can help
alleviate arthritis symptoms in older adults.

In addition to measurable environmental factors, subjective
perceptions of air quality significantly affect well-being. Older
adults who rated their indoor air quality poorly reported lower
health satisfaction and reduced residential satisfaction (Liu
et al, 2023). These findings also revealed key regional and
individual differences in thermal sensitivity and health out-
comes. While research in China suggests a common comfort
range of 24°C-30°C (Xiong et al, 2019), studies in North
America support a slightly lower ideal range of 22°C-26°C
(Meade et al., 2024), possibly reflecting differences in climate
and building insulation. In the UK, a study found that moldy
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indoor odors in social housing increased the risk of asthma
among older adults (Moses et al., 2019). Similarly, in China’s
humid regions, damp indoor environments and persistent mold
odors were significantly associated with joint pain and
rheumatic diseases in older populations (Zheng et al., 2024).
As for personal differences, during the most severe heatwave
episodes, heart rate increments reached up to ~70% in older
adults with cardiovascular disease, compared to ~50% in their
healthy peers (Fink et al., 2015). Zhou et al. (2024) found that
the comfortable temperature range for frail older adults is
significantly narrower than for non-frail older adults:
24.0°C-30.0°C for non-frail individuals, 24.3°C-29.3°C for
pre-frail individuals, and 25.9 °C-29.3 °C for frail individuals.
Overall, these findings emphasized the critical need to tailor
indoor thermal and air quality conditions based on both
regional climate and individual health characteristics. These
results also underscore the importance of integrating persona-
lized and climate-adaptive design strategies into residential
environments, not only to mitigate pain and discomfort but also
to support broader physiological resilience and well-being in
older adults.

Spatial layout, autonomy, and connected living. Among layout-
related studies, bathroom configuration and bedroom privacy
received the most attention, reflecting the critical role in sup-
porting older adults’ health, safety, and autonomy. Key design
factors included the completeness of facilities within each func-
tional space, the spatial connectivity between functional spaces,
and the ability to control one’s personal room (Bicket et al., 2010;
Fang et al,, 2023; Qiao et al., 2024; Zheng et al., 2024).

Given that many of the included studies focused on bath-
rooms/toilets, we used the VOSviewer temporal trend map of the
keyword “bathroom/toilet” as the central axis for discussion. As
shown in Fig. 6, earlier research emphasized functional features of
these spaces. Purple-colored keywords such as assisted living,
privacy, and physical performance were associated with studies
highlighting safety, autonomy, and functional independence
(Bicket et al, 2010; Yang and Sanford, 2012). For instance,
Bicket et al. (2010) found that the installation of call buttons in
the living space effectively reduced behavioral symptoms by
enhancing older adults’ perceived safety and autonomy within
their private environments. While older adults may require
assistance in certain aspects of life, they still desire private space
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to preserve their dignity. Similarly, Yang and Sanford (2012)
indicated that room characteristics could influence older adults’
social engagement, reflected in the keyword “social environment”
on the VOSviewer map.

In subsequent years, green-coded keywords such as “home
environment,” “fall,” “barrier-free design,” and “safety” indicated
a shift toward spatial connectivity and risk reduction. Layouts
that provide direct access between the bedroom and bathroom
reduce nighttime walking distance and help prevent fall-related
injuries (Iamtrakul et al., 2021). More recent keywords in yellow,
such as “ADL,” “age in place,” “physical health,” and “mental
health,” have reflected a growing emphasis on the integration of
spatial features with daily functioning. For example, having a
private toilet or bathroom is significantly associated with better
mobility and ADL performance among older adults aging at
home (Fang et al., 2023). Appropriate bathroom facilities enable
older adults to maintain personal hygiene, which helps reduce
frailty and vulnerability. In contrast, inadequate facilities can lead
to hygiene difficulties and compromise overall well-being. In
addition to their impact on physical health, limited bathroom
facilities have also been significantly associated with higher levels
of depression and anxiety among older adults in rural China
(Zheng et al., 2024; Qiao et al., 2024).

US-based studies began earlier to investigate how the private
use of bathrooms and bedrooms influences mental health and
mobility (Bicket et al., 2010; Yang and Sanford, 2012). In recent
years, Asian research has expanded, with a notable focus on room
autonomy and its health implications, drawing attention to older
adults’ anxiety and depression in the context of aging in place (Li
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and Zhou, 2020; Zheng et al., 2024; Qiao et al., 2024). However,
studies focusing on other shared domestic spaces such as
balconies, kitchens, and living rooms remain relatively limited.
Future research could investigate how the degree of spatial
privacy influences mental health outcomes, particularly the
differential mechanisms behind anxiety and depression. Addres-
sing these gaps will be crucial for developing inclusive layout
strategies that not only support aging with dignity but also foster
social connection and mental well-being in shared domestic
environments.

Barrier-free design and visual support. Barrier-free design has
long been recognized as essential for supporting older adults’
mobility and daily functioning. In recent years, it has also been
increasingly associated with visual support strategies to enhance
spatial awareness and emotional well-being (Leung et al., 2019b;
Wau et al., 2022; Fang et al., 2023; Leung et al., 2023). For example,
Wang and Leung (2023) reported that over 60% of older residents
in care homes relied on walking aids, and 50% had at least one
type of eye disease. Handrails with high color contrast (30%
luminance contrast) against the background wall or those LED
guiding light enhanced visibility and reduced fear of falling
(Tholking et al., 2020; Wang and Leung, 2023).

Given the centrality of safety and accessibility in aging-related
design, we used the temporal trend map of the keyword “barrier-
free design” as the basis for discussion. As shown in Fig. 7, early
studies predominantly focused on institutional environments
such as nursing homes, healthcare facilities, and assisted living
centers, where the priority was ensuring safety and mobility for
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residents with advanced disabilities or dementia (Bicket et al.,
2010; Leung et al., 2019b). However, more recent research has
increasingly emphasized the importance of the home environ-
ment and the concept of aging in place (Gell et al.,, 2020; Wu
et al., 2022; Fang et al.,, 2023; Tonchoy et al.,, 2024; Das Gupta
et al, 2024). This shift reflected both global demographic
pressures and a growing recognition that many older adults
prefer to age in place rather than relocate to institutional care.
Correspondingly, current research on barrier-free design focuses
on residential modifications that promote independence, safety,
and quality of life among community-dwelling older adults.
Importantly, as visual health and perception are integral to
both physical safety and emotional well-being, recent research
increasingly links barrier-free design with visual support
strategies, particularly for addressing “visual stimulation” needs
and mitigating “visual impairment” risks (see Fig. 7). Figure 8

illustrates the broader network of “visual environment,” including
lighting, furniture, window and door design, color schemes, and
access to outside views. For example, warm and bright colors can
enhance spatial awareness (Leung et al., 2017). Window design is
associated with the amount of natural daylight entering the space,
improving overall brightness and supporting safer, more
comfortable walking conditions for older adults. Leung et al.
(2024) suggested that the window-to-floor ratio of rooms in care
homes should exceed that of general residential buildings,
recommending a minimum of 1:4, while the ratio for living
rooms or bedrooms should be at least 1:6. Recent trends have
emphasized multi-sensory visual design, integrating color, natural
light, and meaningful visual cues. For example, Leung et al.
(2024) suggested using personalized door decorations to support
wayfinding and memory recall in older adults with cognitive
impairments. In addition, having visual access to natural scenery
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has been associated with positive emotional outcomes in older
adults (Xiaoxue and Huang, 2024; Leung et al., 2024). Accord-
ingly, placing beds or chairs near windows with appealing views is
considered an effective design strategy to promote emotional
well-being (Wang and Leung, 2023).

However, visual design preferences may differ based on room
function, mental state, or cultural background. For example,
Torres et al. (2020), studying older adults in Spain, emphasized
that color preferences vary depending on room function (e.g.,
warm tones for activity rooms). Jung et al. (2022) found that in
the United Arab Emirates, older adults with depression preferred
contrasting color schemes (e.g., blue and yellow), while non-
depressed participants leaned toward cool colors, suggesting that
mental state may also affect color preferences. In other regions,
studies from Hong Kong place less emphasis on individual
preference and instead focus on the functional application of
color for spatial cognition (Leung et al., 2017; Leung et al., 2024).
These findings suggest that although assisted living environments
primarily focus on physical safety and visual support, it is also
important to incorporate culturally and psychologically informed
design elements. This approach can provide more personalized
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care that enhances both physical safety and emotional well-being
in later life.

Space size and aging needs. Space size plays a fundamental role
in shaping older adults’ mobility, autonomy, and mental well-
being, influencing both daily function and long-term adaptation
to aging. Leung et al. (2017) recommend a minimum of 25-35 m?2
per person and a turning radius of 150 x 150 cm in older adults’
housing units. Sufficient space enabled the use of mobility aids
and enhanced social interaction. In contrast, crowded conditions
have been linked to a higher risk of poor mental health (Tao et al.,
2018; Qiu et al., 2020).

Figure 9 illustrates the temporal trend map of the keyword
“space size.” Earlier studies prioritized providing sufficient space
to enhance physical function, privacy, and independent living,
thereby reducing daily life risk factors (Cress et al., 2011; Tao
et al,, 2018; Leung et al,, 2017). More recent research has shifted
toward examining mental health outcomes. For instance, Qiu
et al. (2020) reported that living in homes over 250 m? was
associated with ~66% lower odds of depression compared to
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homes under 50 m?. However, space needs may vary depending
on cognitive status. For older adults with dementia, smaller,
visually accessible spaces may improve wayfinding and reduce
disorientation (Leung et al., 2024). This reflected a shift from the
traditional “bigger is better” design paradigm toward a more
context-sensitive and needs-based approach.

Research on space size and older adults’ health has largely
emerged from Hong Kong and China (Leung et al,, 2017; Tao
et al,, 2018; Qiu et al,, 2020; Leung et al., 2024). However, cross-
cultural differences may also shape design standards. Body
dimensions, cultural living arrangements, and housing con-
straints all contribute to how aging-related spatial needs are
defined. Older adults in Hong Kong or China generally face
higher-density environments, with smaller housing units and
multi-generational households, compared to their counterparts in
Western countries. As a result, spatial data and recommendations

derived from East Asian contexts may not be directly general-
izable to Western settings. This underscores the need for space-
size design strategies that are both culturally responsive and
adaptable to the diverse physical and functional needs of older
adults.

Functional and emotional roles of furniture. Furniture,
including cabinets, beds, seating arrangements, and their spatial
placement, not only supports physical function but also pro-
foundly shapes older adults” daily experiences, visual comfort, and
social connection. For example, storage units higher than 120 cm
or wardrobes deeper than 40 cm may be difficult to access due to
age-related declines in strength and flexibility (Leung et al., 2017;
Leung et al,, 2019a). One study found that the usability of kitchen
cabinets was positively correlated with older adults’ level of social
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participation (Yang and Sanford, 2012). In healthcare facility
settings, inappropriate seating layouts can diminish social inter-
action; Leung et al. (2024) observed that residents in care homes
spent only 13.4% of their time interacting with others, with 2.2%
of these interaction attempts receiving no response, often due to
poorly arranged dining furniture that obstructed visibility or
proximity. Beyond physical and social functions, furniture pla-
cement also influences visual comfort. For instance, beds placed
too close to bright windows may lead to eye fatigue, whereas
strategic placement can improve visual clarity through extended
viewing distances (Wang and Leung, 2023).

Figure 10 visualizes the evolving focus of furniture-related
research over time. Early-stage keywords, shown in darker colors,
reflected an emphasis on basic usability in private residences,
particularly their impact on physical performance (Yang and
Sanford, 2012; Leung et al, 2017; Leung et al, 2019a). The
appearance of terms such as “kitchen,” “bathroom,” and
“independent living” suggests that furniture in these specific
spaces was viewed as essential for maintaining older adults’
autonomy in daily life. Since 2019, more studies have focused on
care homes and nursing homes, extending the scope of furniture-
related research to deeper health dimensions such as cognitive
performance, loneliness, and satisfaction (Leung et al., 2019b;
Leung et al., 2020; Wang and Leung, 2023; Leung et al., 2024).
This evolution reflected a shift from purely functional
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considerations to emotional and symbolic roles, such as fostering
a homelike atmosphere through furniture design. Notably, the
majority of these recent studies originated in Hong Kong and
were conducted by overlapping author teams. While this
concentration suggested both regional expertise and a potential
limitation in cultural generalizability, underlining the need for
more diverse, cross-cultural research explores how furniture can
support both the functional and emotional needs of aging
populations in different cultural contexts.

Relaxing interior design. While certain interior elements have
received limited empirical attention, their potential to support
older adults’ well-being remains significant and underexplored.
One particularly promising area is biophilic design, which
incorporates elements such as “indoor plants,” “material,” and
“outside view.” These features aimed to promote relaxation and
enhance both psychological and physiological well-being in older
adults. Yan and Guo (2023) found that a wood coverage ratio of
~30% elicited the most positive subjective responses from older
adults, who perceived the space as more natural, warm, and
comfortable. At a 90% coverage ratio, a significant calming effect
was observed.

These studies often employed simulation, virtual reality, or
physiological measurements to assess whether similar interior
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environments could effectively induce relaxation in older adults
(Goto et al.,, 2014; Chen et al., 2020; Yan and Guo, 2023). For
example, Xiaoxue and Huang (2024) demonstrated that even in
entirely virtual environments, biophilic stimuli such as green
walls or outdoor views significantly reduced participants’ stress
and anxiety, as measured by heart rate, blood pressure, skin
conductance, and STAI scores. These findings suggest that even
visual simulations of nature can still offer measurable therapeutic
benefits. This may offer an accessible and cost-effective strategy
for older adults living in high-density or resource-constrained
settings.

Notably, such research has been predominantly conducted in
East and Southeast Asian contexts, including Japan, Taiwan,
China, Hong Kong, and Thailand, where urban density, limited
outdoor greenery, and rapid population aging may shape both the
research and design priorities. Collectively, these findings build a
strong case for incorporating visual biophilic strategies into
interior design, especially in resource-constrained or high-density
settings, where supporting emotional and physiological relaxation
is critical for healthy aging.

Practical recommendations. Based on the reviewed evidence,
seven key interior design principles from the discussion should

guide the design of living spaces for older adults: lighting, thermal
and air quality, spatial layout, barrier-free features, space size,
furniture, and relaxation design. Designers are encouraged to
provide dynamic color temperature with ambient levels above
200 Ix and task lighting between 500-750 Ix to support circadian
rhythms and visual needs. Thermal comfort should ideally be
maintained at around 26 °C, combined with proper ventilation to
control CO, and PM2.5 levels. Spatial layouts should ensure at
least 25-35m? per person, with a minimum turning radius of
150 cm to accommodate mobility aids. Barrier-free features such
as handrails with >30% luminance contrast, clear navigation cues,
and call buttons can enhance safety and independence. Furniture
should be both accessible (e.g., storage units no higher than
120 cm and no deeper than 40 cm) and emotionally familiar to
foster social connection. Finally, incorporating biophilic elements,
such as 30-90% wood coverage or views of natural scenery, can
promote relaxation and emotional well-being, supporting a hol-
istic approach to healthy aging.

Future research. This scoping review highlighted how interior
design factors affected older adults’ physical, physiological, and
mental health well-being. Among the three health domains
reviewed, physiological health remained the least studied across
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most interior design factors. This gap limited our understanding
of how interior spaces may influence not just subjective experi-
ence, but also measurable biological responses in older adults.

In recent years, there has been a growing emphasis on Smart
Healthy Age-Friendly Environments (SHAFE), which integrate
smart technologies with age-conscious design principles to foster
environments that are responsive, supportive, and empowering
(van Boekel et al., 2024). Although most of the studies included in
this review did not explicitly adopt SHAFE frameworks, many
findings align with SHAFE objectives. For example, future research
could explore the implementation of lighting systems that mimic
natural daylight patterns to support circadian rhythms and reduce
the risk of depression and anxiety. Similarly, temperature
regulation systems that automatically adapt to individual needs
or offer customizable controls could enhance thermal comfort and
physiological stability. Research could also examine the integration
of ergonomic principles into smart furniture systems for older
adults. These may include adjustable beds and responsive seating
that support physical comfort, as well as customized colors and
materials that reflect users’ memories and cultural preferences.
Such design strategies can help reinforce a sense of identity and
familiarity. As SHAFE principles evolve, future design strategies
should balance technological innovation with emotional and
cultural resonance to ensure that environments are not only smart
and safe but also comforting and deeply human.

Moreover, although not part of the 64 studies reviewed,
emerging research has increasingly incorporated physiological
monitoring systems and environmental sensors to objectively
assess older adults’ responses to indoor conditions. For example,
Bui et al. (2024) explored fall detection, Rodrigues et al. (2024)
examined sedentary behavior tracking, and Jouini et al (2023)
investigated real-time physiological data monitoring. These
wearable technologies offer promising tools for real-time feedback,
early intervention, and evidence-based validation of design
impacts. Future interdisciplinary collaborations between interior
design, gerontology, and digital health are needed to advance both
empirical knowledge and practical applications in creating
responsive, health-promoting environments for aging populations.

Conclusion

This study develops a structured classification system for both
interior design factors (IEQ, layout, and elements) and health
outcomes (physical, physiological, and mental health). This fra-
mework provides a clear and organized way to understand the
complex relationships between these domains. The use of VOS-
viewer for keyword co-occurrence analysis offers a visual repre-
sentation of the key themes and their evolution over time within
the research field. This approach helps clarify both historical
focus and emerging trends in the study of interior design and
older adult health.

This study offers several key contributions for stakeholders
involved in promoting the well-being of older adults. For pol-
icymakers and urban planners, it provides a comprehensive
understanding of how specific interior design factors within
residential environments impact physical, physiological, and
mental health. Architects and interior designers can leverage the
identified associations and research gaps to create innovative and
person-centered designs that proactively address the diverse
needs of the aging population. Furthermore, healthcare profes-
sionals and caregivers can gain valuable insights into the envir-
onmental influences on their patients’ and clients’ health
outcomes. Understanding these connections can lead to more
holistic care strategies that incorporate modifications to the living
environment as part of health management and preventative
measures. Finally, for older adults themselves and their families,
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this research underscores the significant role of the home envir-
onment in maintaining independence, well-being, and quality of
life. It empowers them to make informed decisions about housing
choices and home adaptations that can positively influence their
health and support aging in place.

Despite a rigorous screening process following PRISMA-ScR
guidelines, it is possible that some relevant studies were not
included, particularly those where the relationship between
design and health was implicit or not clearly stated in titles or
abstracts. Nonetheless, the findings highlight several key gaps,
especially the limited number of studies examining physiological
responses to interior design factors. As technologies such as
wearable sensors and smart environmental monitors evolve,
future studies should explore their application in interior design
research to enhance precision and empirical depth. However,
existing empirical studies remain largely concentrated in high-
density Asian cities, where spatial constraints and rapid aging
shape both design practices and research priorities. To build more
generalizable knowledge, future research should include cross-
cultural comparisons that examine how interior design strategies
perform across diverse living environments and sociocultural
contexts.

Data availability
All the data analyzed in this study are provided in the published
article and its supplementary information files.
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