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ABSTRACT

People that were born during the “baby boom” are currently entering retirement age,
which may bring about various issues. Elderly people may live longer than previ-
ous senior generations and experience more health issues that increase pressures
on healthcare facilities. As this population grows, studying the issues that affect the
elderly along with relevant solutions is vital. One such issue is falls, which cause vari-
ous health-deteriorating consequences and even death in millions of seniors annually
worldwide. Although numerous studies have been conducted on fall risk factors, there
is still a gap in the study of interventions to address these factors. Here, a systema-
tic literature review of all possible risk factors for falls and solutions addressing them
was conducted. During the review process, certain gaps in interventions addressing
the risk factors of falls were found. Hence, this study aimed to shed light on such gaps
and provide insights on solutions from a human-centered design perspective.
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INTRODUCTION

Falls in geriatric communities are prominent, and devastating events are
anticipated to become more prevalent both nationally and globally as the
population ages. Annually, 36 million and 32,000 falls and fatalities, respe-
ctively, are reported, with falls becoming the leading cause of morbidity
and disability among the elderly (“Center for Disease Control and Preven-
tion,” 2020). Even one fall can have prolonged adverse effects on physical
and psychological images, which may result in an increased predisposition to
recurrent falls and delayed functional recovery (Graafmans et al., 2022).

Due to their significant impact on the day-to-day lives of older adults and
the higher likelihood of occurrence, a plethora of studies have been con-
ducted to characterize the various factors that cause falls. There are many
findings pertaining to the possibility of fall prevention, estimated at 40%
(Zaninotto et al., 2020).

The purpose of this study was to evaluate geriatric fall variables as well
as associated interventions. We hoped to identify gaps in the literature and
propose potential directions for advancements. Furthermore, we hoped that
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Figure 1: Search strategy and inclusion flow.

a consistent examination and systematic review of studies on falls would aid
in identifying gaps in the field of geriatrics overall.

METHODS

In this study, we searched for appropriate publications the Web of Scie-
nce database, as it provided a wide range of publishing journals and had
convenient advanced search tool features compared with other databases.
Papers were selected according to the PRISMA model (Liberati et al., 2009)
(Figure 1).

The set of keywords implemented in the database advanced search were
as follows: “falls”OR “falling”OR “fall”AND “elderly”OR “older adults”
OR “elders” OR “elder” OR “old age” OR “seniors” OR “aging” OR
“aged” AND “factors” OR “causes” OR “prevention” OR “preventive
measures” OR “interventions” NOT “systematic review” OR “review” OR
“meta-analysis”.

The exclusion criteria were as follows: studies related to age groups
other than older adults (i.e., children, teenagers, or young and middle-aged
adults); protocols for future studies; and conference, systematic review, or
meta-analysis-based papers.

Of the 366 studies found, 65 were included in the review. The details of
the study inclusion flow are presented in Figure 1.

RESULTS & DISCUSSION

Risk factors associated with falling among older adults

A review of the literature revealed numerous risk factors associated with falls
in the elderly, which could be categorized into two main groups: intrinsic and
extrinsic factors. In this study, the identified factors were further categorized
into subgroups, as shown in Figure 2, which also shows the number of citati-
ons for each subgroup. Thirteen intrinsic and four extrinsic subgroups were
noted, respectively. For convenience, chronic diseases that impact human
cognition, such as stroke, Parkinson’s disease, and Alzheimer’s disease, were
separated from general chronic conditions and categorized into cognitive
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Figure 2: Subgroups of risk factors associated with falling.

(chronic) factors. Similarly, chronic mental illnesses and related conditions
were identified as mental risk factors.

The issue of falls was found to be an essentially complex phenomenon,
caused, and influenced by various factors and their combinations. Addi-
tionally, certain conditions may trigger other health-deteriorating factors,
thus complicating the health status of a person. For instance, chronic
factors, such as arthritis, can negatively influence a person’s walking pat-
tern (Dokuzlar et al., 2020) and cause postural instability (Ku et al., 2013)
due to joint pain and stiffness. In such cases, gait and balance impairments
could be caused by chronic impairment.

Similarly, individuals with cognitive impairments have a risk of falling due
to the direct link between cognition and physical functionality, as cognition
plays an important role in the regulation of balance (Woo et al., 2017), gait
(Amboni et al., 2013), and attention (Mirelman et al., 2012).

Moreover, experiencing a fall can influence mental health. Recurrent
fallers are prone to depression (Agudelo-Botero et al., 2018). Consequen-
tly, depression-impaired concentration can result in poor balance and gait
(Alex et al., 2020). Once a senior experiences a fall, it may be natural to
develop certain safety concerns or a fear of falling, which may lead to resi-
stance to physical activities and a general reduction of daily living activities
(Mendes da Costa et al., 2012). This reduction, in turn, may result in deteri-
orating general health and lead to various conditions (Nguyen et al., 2015).

The elderly may take antidepressants as a treatment for depression, which
also plays a role as a fall risk factor (Damián et al., 2013). Further-
more, medication may be the only intervention for some comorbidities,
and falls have been found to be associated with certain diseases and health
conditions, although most cases are due to the combination in an indivi-
dual (Paliwal et al., 2017). Nevertheless, consuming one or more drugs as
treatment may lead to more falls (Zaninotto et al., 2020).

Another commonality found in the reviewed literature is that the fall risk
is high in the oldest populations (Kim et al., 2020). In contrast, some reports
also showed that the general deterioration of health over the years was a risk
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Figure 3: Categories of interventions associated with falling.

factor, as opposed to age (Grundstrom et al., 2012). Additionally, women
were found to have a higher fall risk than men (Towne et al., 2017).

Among the extrinsic factors, poorly educated, single, unemployed, female
seniors who have low relationship satisfaction were more prone to falls
(Kim et al., 2020). Another extrinsic factor that influenced fall rates was
the environment, particularly the home environment, in which activities of
daily living, such as dressing, cooking, toileting, and indoor mobility, typi-
cally occur. In particular, bedrooms and bathrooms were the most dangerous
areas in the home (Zhang et al., 2019).

Observing and addressing the gaps in interventions programs

In total, 31 studies on the assessment of interventions for mitigating falls were
found (Figure 3).

Multifactorial intervention programs were noted in the reviewed literature
(14/31), which typically consisted of fall risk assessments, risk factor identifi-
cation, assessments of the home environment, medication reviews, nutritional
assessments, education on safety, walking aid assessment and recommenda-
tions, and the prescription and tracking of exercise. With regard to chronic
factors, regular health assessments could help detect morbidities in the early
stages of treatment and educate elderly people about their conditions, which
in turn could reduce future fall risk (Paliwal et al., 2017).

Additionally, both non-injurious and injurious falls could be reduced with
the help of appropriate exercises, including strength and balance training
(Gillespie et al., 2012). The abundance of experimental studies on exe-
rcise intervention programs confirms this finding. Indeed, every study in
both the “Multifactorial interventions” and “Exercises” groups - 80% of the
intervention literature reviewed—consisted of studies on exercise methods.

Older adults with frailty, physical inactivity, and muscle mass reduction
(sarcopenia) are also more predisposed to falls compared with older adults
who are physically active and have greater muscle mass and bone mineral
density (Lee et al., 2014;). Thus, with the pressures of multiple comorbidities
and related polypharmacy in mind, maintaining muscle strength to reduce the
level of frailty and the risk of fractures is important. In addition, exercise can
increase muscle mass and insulin levels, which is crucial in diabetes mellitus
(Lee et al., 2014).
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In reviewing the intervention programs, several issues were found that
could be addressed from a human-centered design perspective. For exam-
ple, to achieve better adherence and engagement in muscle training, training
programs could be integrated into daily routines (Clemson et al., 2012).
In the future, age-friendly smart home systems may support and challenge
individuals with quick, real-time daily tasks.

Another study found that confirmation and approval may play crucial
roles in adherence. Evaluating personal performance, obtaining constant
feedback, and having a feeling of achievement was important (Sandlund et al.,
2018), which could also be achieved through primary supervision and sup-
port in nurse-led home visit programs (de Vries et al., 2010). However, with
the expected dramatic increase in the elderly population, predicting the possi-
bility of face-to-face visits by a professional for every senior may be difficult
in the future. Thus, Internet communication, and more specifically, smart
exercise programs that connect the elderly with coaches or physicians in real
time, may be one possible solution.

In addition to issues with adherence and motivation, the individuality and
customizability of each exercise program are important to consider. Some
seniors may prefer exercising, while other may not have sufficient physical
capabilities to perform certain tasks (Sandlund et al., 2018). Therefore, the
adaptability of future programs to the personal needs of the user should be
considered.

CONCLUSION

This review allowed us to explore all possible risk factors associated with
falls as well as their related intervention programs. Additionally, ideas on the
improvement of exercise programs were introduced. Future studies human-
centered exercise programs may be conducted, including a thorough user
study to better understand gaps and find proper solutions for them. Con-
sidering the scale of the issue and its urgency in contemporary society, we
hope that this systematic review and future studies will greatly contribute to
human factors, design, and geriatric sciences.
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