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Abstract

Background: Older people with cognitive impairment are at increased risk of falls; however,
fall prevention strategies have limited success in this population. The aim of this paper is to
review the literature to inform a theoretical framework for fall prevention in older adults with
dementia. Summary: A narrative review was conducted on fall risk factors in people with cog-
nitive impairment, the relationship between cognition and gait, and their joint impact on the
risk of falls. This was used to develop a theoretical framework for fall prevention for people
with dementia. Executive function and motor function are closely related as they share neu-
roanatomy. This close relationship has been confirmed by observational studies including
neuroimaging and intervention studies. Executive function is the cognitive domain most com-
monly associated with gait dysfunction. Attention, sensory integration, and motor planning
are the sub-domains of executive function associated with risk of falls through gait dysfunc-
tion, whereas cognitive flexibility, judgement, and inhibitory control affect risk of falls through
risk-taking behaviour. Key Messages: Gait, cognition, and falls are closely related. The comor-
bidity and interaction between gait abnormality and cognitive impairment may underpin the
high prevalence of falls in older adults with dementia. Gait assessment and cognitive assess-
ment, particularly executive function, should be integrated in fall risk screening. Assessment
results should be interpreted and utilised using a multidisciplinary approach; specific strate-
gies such as customised gait training and behavioural modulation should be considered as
part of falls prevention for people with dementia. © 2019 S. Karger AG, Basel
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Introduction

Falls are a major cause of injury to older people, and risk of falls increases when older
people are cognitively impaired [1]. The rate of falls in community-dwelling older people with
dementia is twice that of a cognitively intact population with almost two thirds of people with
dementia falling annually [2]. The theories underlying efficacious fall prevention interven-
tions for older adults are well documented [3]. However, fall prevention strategies that are
successful in cognitively intact older adults have limited success in reducing fall risk in people
with cognitive impairment. Consequently, prominent fall prevention guidelines do not
provide specific recommendations for people with cognitive impairment due to insufficient
evidence [4].

The aim of this paper is to review the literature to inform a theoretical framework for fall
prevention programsin older adults with dementia. Based on current findings from systematic
reviews, clinical studies, and population-based studies, the paper draws together results from
across a broad range of research, including risk factors for falls, the relationship between
cognition and gait, and the joint impact of cognition and gait on falls.

Risk Factors for Falls

Cognitively intact and cognitively impaired older adults share some well-established risk
factors for falls, such as fall history, environmental hazards, motor impairments, and visual
impairments [5, 6]. However, there are other fall risk factors that are more specific to people
living with dementia.

We categorise the factors relating to falls in this review as medical, environmental,
physical and sensory, cognitive, and psychological factors (Fig. 1). The underlined factors in
Figure 1 are specifically relevant to older adults with dementia.

Medical Factors

Orthostatic hypotension (a common cause of syncope) and medication side effects have
special features in older people with dementia. Syncope is the primary cause of hospitali-
sation in elderly patients with dementia [7], and drug-induced orthostatic hypotension is its
most frequent cause; however, it is often underdiagnosed due to these people’s inability to
verbalise or remember specific complaints and to cooperate with laboratory work-up [8].
Psychotropic medications including drugs commonly used to manage behavioural and
psychological symptoms of dementia (e.g., antipsychotics, benzodiazepines) increase the risk
of falls [5, 9]. The use of acetylcholinesterase inhibitors (AChEls) and N-methyl-D-aspartate
(NMDA) receptor antagonists to treat dementia symptoms has been reported to present a
63% increased hazard of falling over time, which may result from the increased risk of syncope
[10].

Physical and Sensory Factors

People with dementia are more sedentary and perform less physical activity than cogni-
tively healthy controls [11]. Sedentary behaviour is strongly related to negative health
outcomes and mortality, and is associated with lower cognitive performance [11]. A decline
in executive function can lead to apathy and lack of motivation of goal-directed behaviour
[12]. These individuals may lack the interest or motivation to engage in activities of daily
living, in which strength and balance are basic requirements. This decline in physical func-
tioning may lead to increased risk of falls.
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Fig. 1. Risk factors for falls in old-
er adults with dementia (the un-
derlined factors are those specifi-
cally relevant to older adults with
dementia).

Psychological Factors

Psychological factors such as depression, anxiety, impulsivity, and behavioural distur-
bances are associated with increased fall risk in older adults with dementia [4]. Wandering
may increase the fall risks because more time is spent in standing and walking, and this risk
may be exacerbated if wandering behaviour is combined with impulsivity, agitation, and poor
balance control [9]. A cohort study demonstrated that longer standing and short walking
bouts (an indication of restlessness and agitation) increase the risk of falls in people with
dementia [13]. Anxiety may relate to the underlying pathology and neuro-chemical changes
associated with dementia, and may increase fall risk by impeding postural responses to
perturbations [9]. Fear of falling, which is associated with anxiety [9], is more common in
older adults with mild cognitive impairment or early-stage dementia, and may increase fall
risks in this population [14].

Environmental Factors

Ambulation with a walking aid is a real-life situation of multitasking (walking and
manoeuvring a walking aid), which requires high levels of motor control and cognitive
response to multiple sensory inputs and environmental conditions [15]. The attentional
demands associated with the use of a walking aid could lead to an impaired ability to maintain
or recover balance in older people [16]. Walking aids may be prescribed to facilitate inde-
pendent mobility; however, if the person lacks the cognitive capacity, ambulating with a
walking aid may lead to instability, unsafe use of the aid, and falls [15].

According to the most recent systematic review and meta-analysis on risk factors for falls
in community-dwelling older people, gait problems and cognitive impairment are among
those factors highly associated with risk of falling [17]. The impact of cognition and gait on
falls will be discussed in detail below.

The Relationship between Cognition and Gait
Cognition

The Diagnostic and Statistical Manual of Mental Disorders (DSM-5) categorised six prin-
cipal domains of cognitive function - complex attention, executive function, learning and
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Fig. 2. Neural pathways in motor control.

memory, language, perceptual-motor function, and social cognition - each with sub-domains
[18]. Complex attention (sustained attention, divided attention, selective attention, and
processing speed), executive function (planning, decision making, working memory,
responding to feedback, inhibition, and flexibility), and perceptual-motor function (visual
perception, visuoconstructional reasoning, perceptual-motor coordination) [18] are most
relevant to fall risks.

Gait

Gait is the pattern of walking and is an attention-demanding, high-level, controlled task
[19]. Normal gait requires an ability to integrate sensory input (visual, proprioceptive, and
vestibular), motor planning and execution (planning, initiation, automatisation, integration,
and coordination of gait), as well as an intact musculoskeletal system and supporting cardio-
vascular system [20]. Gait control involves all levels of the neural pathway, namely cortical,
subcortical, spinal, and peripheral (Fig. 2). Sensory integration, motor planning, and execution
of gait occur at the cortical-subcortical level. Basal ganglia, cerebellum, and cerebral cortex
are involved in the planning and execution of purposeful locomotion [21].

Gait disorders are frequent in older adults and lead to falls, immobility, and increased
mortality [22]. The cause of gait disorders can be classified as either neurological or non-
neurological, depending on whether the neural pathways have been affected [23]. A clinical
gait classification divides gait abnormalities into low-, middle-, and high-level disorders [24,
25]. The lower levels include peripheral musculoskeletal and sensory disorders. Middle-level
disorders include hemiplegic, cerebellar, and dystonic gaits in which the neurological deficits
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found are consistent with the gait disturbance [25]. Higher-level gait disorders, such as
cautious gait and frontal gait disorders, are due to disturbances of the highest sensorimotor
systems that cannot be accounted for by the neurological signs [25], and are thought to result
from disruptions in cortico-cortical and cortico-subcortical connections [26]. The higher-
level disorder is the category that dementia-related gait disorders belong to.

Cognition and Gait Are Closely Related

Clinical and research evidence has established a close relationship between gait and
cognition. Cognitive impairment co-exists with gait decline even in the early stages of neuro-
degenerative diseases [27]. People with cognitive impairment display changes in gait param-
eters [28], and changes in gait can be used as an early biomarker of dementia [29, 30]. Recent
evidence has demonstrated that cognitive impairment and falls are related; gait impairments
and falls are more prevalent in people with dementia, and the prevalence of gait impairments
and falls increases with the severity of cognitive impairment [31]. The close relationship
between gait and cognition, and their joint impact on falls may be the underlying mechanism
explaining the increased fall risks in older adults with dementia.

Shared Anatomy and Pathology between Cognition and Gait

Evidence from Imaging Studies

Motor and cognitive functions share genetic determinants, and cognitive and gait control
share neural networks [32]. Gait control is predominately mediated by frontal subcortical
circuits, which overlap with circuits controlling executive function [23]. Within the five major
frontal subcortical circuits, two of which are related to motor control and the other three are
involved in controlling executive function in the aspects of planning, working memory, rule-
based learning, attention, and emotional regulation [33].

Gait and cognitive disorders also share common pathology, such as vascular changes and
neurodegeneration [23]. Accumulation of vascular structural abnormalities, in both white
and grey matter, accounts for cognitive decline and gait impairment [34]. The periventricular
white matter sub-serves gait and balance control, and controls cognitive processing speed
and executive function. White matter lesions may affect motor and cognitive functions simul-
taneously due to the close proximity of these two circuits [23].

Imaging studies have confirmed the shared anatomic and pathological basis for both
cognitive and motor function. These studies use magnetic resonance imaging (MRI) to
evaluate brain volume or tissue integrity and their link to gait and cognitive function. It has
been demonstrated that reduced volumes in prefrontal and frontoparietal regions are asso-
ciated with impaired gait variables [35, 36]; white-matter hyperintensities are associated
with gait disturbances and cognitive impairment [36]. A review on imaging studies suggested
that widespread grey matter atrophy in areas associated with cognition, such as the frontal
lobe and parietal lobe, was also associated with gait dysfunction [37].

Functional near-infrared spectroscopy (fNIRS) is a neuroimaging technique that measures
changes in cortical brain oxygenated haemoglobin (HbO;) levels [38]. fNIRS studies revealed
differential involvement of prefrontal, premotor, and motor cortices in gait tasks [21]. Significant
increase in HbO, levels was found in walking-while-talking compared to normal walking in older
adults [38]; cortical activation had increased in the prefrontal cortex during a postural control
task for individuals with Parkinsonian syndromes [39]. The involvement of frontal and prefrontal
circuits in cognitively demanding locomotion tasks affirms cognitive processes in mobility [21].

Evidence from Observational Studies

Many observational studies have explored the relationship between specific cognitive
domains and gait abnormalities. A review [19] revealed the importance of executive function

KARGER

21



Demenﬁa Dement Geriatr Cogn Disord 2019;48:17-29
and Geriatric DOI: 10.1159/000504340 © 2019 S. Karger AG, Basel
Cognitive Disorders www.karger.com/dem

Zhang et al.: Review of Gait, Cognition, and Fall Risks

and attention to the performance of gait during normal walking, as well as in ageing and in
pathological conditions. In a population-based study of community-dwelling older people,
executive function/attention and processing speed were associated with performance on
mostabsolute gait measures (e.g., gait speed, step length, double support phase) [40]. Another
study also indicated that poor performance in executive function was associated with
increased gait variability, especially during tasks that demanded cognitive skills in older
adults [36].

Evidence from Interventional Studies

Interventional studies have confirmed the close relationship between gait disorders and
cognitive impairment. Physical activities and exercises appear to enhance the functioning of
the prefrontal brain region as well as visuospatial performance [41]. Older adults with higher
aerobic fitness levels may have a greater brain volume, the so-called exercise-induced brain
changes. They are able to recruit additional brain resources to improve performance on
various cognitive and motor tasks than their sedentary counterparts [41]. Aerobic training
appears to trigger global neuroplastic effects and shows increased efficiency in brain regions
associated with executive control processes [42]. It has robust but selective benefits for
cognition - the greatest benefits occur for executive functions, which indicates that exercise
may help reduce falls by improved executive functions [43].

A recent review explored the relationship between gait and cognition in ageing and
neurodegeneration and highlighted the role of brain motor control deficits in fall risks [31].
It concluded that both pharmacological and non-pharmacological cognitive interventions
may improve gait performance and reduce fall risks in older adults with cognitive impairment
[31]. Non-pharmacological cognitive interventions (cognitive training, dual-task training,
and virtual reality modalities) may improve gait performance, especially during dual-task
walking [31]. Cognitive remediation improves gait velocity and dual-task gait velocity;
visually enhanced treadmill training improves walking adaptability and fear of falling in older
adults with executive dysfunction [44].

Cognitive enhancers may improve gait variability in people with Alzheimer’s disease
(AD) [45]. AChEIs (i.e., donepezil, galantamine, and rivastigmine) and NMDA receptor antag-
onists (i.e., memantine) are symptomatic drugs for the treatment of AD [46]. Because higher
levels (subcortical and cortical levels) of gait control are closely linked to the cerebral neural
network’s integrity and efficiency, it has been suggested that supplementing the cholinergic
loss with AChEIs and preventing the loss of glutamatergic neurons with memantine may
improve cognition and, in consequence, gait performance [47]. The role of drugs designed to
enhance attention and executive function as a therapeutic option for reducing fall risk has
been supported by recent findings [31].

Joint Impact of Cognition and Gait on Risk of Falls

Normal walking consists of three primary components: locomotion, including initiation
and maintenance of rhythmic stepping, balance, and ability to adapt to the environment [48].
Furthermore, walking requires strategic planning of the best route, continuous interaction
with the environment and internal factors [48], as well as adaptation of the movement to the
incoming sensory information [49]. While walking itself might be a routine process, the
incoming sensory information and its use to adapt the movement requires executive function
processes. A review [50] indicated that loss in specific cognitive domains, such as executive
function, attention, information processing, and reaction time, were consistently associated
with an increased fall risk.

KARGER

22



Dementla Dement Geriatr Cogn Disord 2019;48:17-29
and Geriatric DOI: 10.1159/000504340 © 2019 S. Karger AG, Basel
Cognitive Disorders www.karger.com/dem

Zhang et al.: Review of Gait, Cognition, and Fall Risks

PSYCHOLOGICAL

FACTORS

ENVIRONMENTAL
FACTORS

MEDICAL
FACTORS

}
— FALL —

GAIT
disorders

PHYSICAL & SENSORY FACTORS COGNITIVE FACTORS

Strength Attention Cognitive flexibility
Joint motion Balance Sensory integration Judgement
Sensory input Motor planning Inhibitory control

Fig. 3. Relationship between gait and falls in older adults with dementia.

Executive function is a set of higher-order cognitive processes that control, integrate,
organise, and maintain other cognitive abilities [51]. Task planning, sensory integration,
judgment, problem solving, and reasoning are components of the executive function that are
intuitively related to safe navigation and mobility in complex everyday environments [52].
Executive function plays a role to compensate for age-associated decline in motor function
and to allow for fall-free gait in complex, everyday situations [53]. It is the domain most
commonly associated with gait dysfunction [28]. The sub-domains of attention, sensory inte-
gration, and motor planning within executive function are most related to gait dysfunction,
and thus impact on fall risk (Fig. 3).

Figure 3 illustrates the relationship between gait and falls in older adults with dementia.
Strength, balance, and sensory input within the physical and sensory factors, together with
attention, sensory integration, and motor planning within the cognitive factors (the factors
inside the box), have a direct impact on gait performance, and thus result in increased risk of
falls in this population. Other factors within the physical and sensory and cognitive factors,
such as inhibitory control and judgement, may also contribute to the risk of falls; however,
their impact is not mediated by gait.

Gait-Associated Cognitive Factors for Fall Risks

Attention

Attention is a specific type of executive function. Itis a dynamic function driven by sensory
perception and the need to select a preferred stimulus for a particular action while ignoring
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the unnecessary and the irrelevant [52]. Selective attention is focused on sensory input — any
changes to sensory input, such as reduced visual acuity, may affect gait and might need exec-
utive function and attention to play a larger role to maintain stability [54]. A study using func-
tional MRI indicated that older adults show greater cognitive monitoring of movement than
younger adults, and this was thought to be related to sensory decline [54]. Divided attention,
which refers to the ability to carry out more than one task at the same time, has been found
to be most closely related to balance, gait, and fall risk [50]. Impairment in executive function
and attention may prevent fallers from devoting the appropriate attentional resources to
their balance and gait, reduce their ability to confront and adapt to challenging environments
(e.g., obstacles, uneven path), and may lead to an increased fall risk [55]. Dual-tasking cost
(the difference between single-task and dual-task performance) measures the effect of
divided attention deficitsin AD, and also supports the hypothesis that attentionis animportant
component in the control of walking [54].

Processing speed is one component of complex attention [18]. Many cognitive operations
require sufficiently quick information processing speed for relevant operations to be executed
within the time allowed; slowed processing speed often underlies attentional deficits [56].
Visual attention and visual processing speed in older adults are independently associated
with mobility problems [54], which becomes more important in gait control when other
sensory input (i.e., vestibular, proprioception) declines. Cautious gait may be a likely outcome
when sensory input declines and processing speed decreases [54].

Sensory Integration

Balance, or postural stability, is a complex process that involves the integration of
information from the musculoskeletal systems and the sensory input (vision, proprio-
ception, and the vestibular system), in the presence of cognition [57]. The motor and sensory
systems are linked by higher-order cortical processes, which are required for planning
movements, solving problems, divided attention, and responding to changes within the
environment [50]. People with dementia may have impaired inter-hemispheric transfer of
information; this cortico-cortical disconnection, as seen in AD patients, may disrupt effective
interaction between different processing areas [58]. The widespread involvement of white
matter in mobility among older adults from imaging studies suggests that locomotion is
dependent on the integrity and communication of multiple tracks across both hemispheres
[21]. Imaging studies investigating the associations between neuropathology and gait
indicate a strong relationship between the parietal lobe and gait as parietal regions are
central to sensory integration, visuospatial function,and managing the relationship between
one’s self and surroundings [37]. Therefore, people with dementia may have impaired
ability to integrate sensory information to facilitate performance in postural stability and
gait.

Motor Planning

Walking in a real-life situation is a goal-directed gait task, especially when turning,
avoiding obstacles, and passing through narrow spaces. Execution of these goal-directed
movements requires complex conscious control including efficient evaluation of the spatial
properties and efficient planning [59]. This “modulated gait” is controlled through a specific
pathway involving prefrontal cortex projections through the subthalamic nucleus and down-
stream to the locomotor centres of the brainstem, and this is only employed during gait tasks
that require a higher level of processing [60]. The parieto-frontal circuits subserve visuo-
motor functions for motor planning and movement reprogramming [59]. Deficits in motor
planning and programming may cause gait dysfunction.
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Non-Gait-Associated Cognitive Factors for Fall Risks

Other executive function sub-domains - cognitive flexibility, judgement, and inhibitory
control - also impact on fall risks in older adults with dementia (Fig. 3). However, they may
not cause gait dysfunction, but rather directly impact on fall risks.

Cognitive Flexibility

Cognitive flexibility is a sub-domain of executive function and is required for adapting
behaviour to external influence [61]. The ability to adapt to changing contingencies is a key
element that is associated with an increased risk of falls [62]. Adaptive walking requires inte-
gration of the information from both the body and the environment, and frequent alterations
inthe coordination of stepping patterns and trunk motion [63]. Individuals with poor cognitive
flexibility reach the maximum adaption capability of their walking pattern earlier than those
with good cognitive flexibility [61]. Lack of cognitive flexibility to adapt and prioritise gait in
circumstances of challenge, such as obstacles or changes in surface and lighting, may result
in falls [62].

Judgement

Although individuals with dementia may appear to walk slowly, they may be walking
faster than their motor and cognitive abilities safely allow, leading to a greater risk of falling
[31]. This could be explained by their reduced ability to appraise the hazards in the envi-
ronment [31], or their lack of insight which results in the inability to adapt their gait speed to
reflect their physical or cognitive impairments [6]. Impaired executive function may also
increase fall risks by altering older adults’ judgment during motor planning for daily activ-
ities, such as reaching [64]. People with dementia may misjudge possible dangers in their
environment. They may overestimate their own capabilities concerning mobility, which may
cause falls [6].

Inhibitory Control

Inhibitory control involves being able to control one’s attention, behaviour, thoughts,
and/or emotions to override a strong internal predisposition or external lure, and instead do
what is more appropriate or needed [65]. It is an important aspect of cognitive function
related to fall risks as it creates a selective focus on information or an action to the exclusion
of other sensory inputs and motor outputs [66]. Without inhibitory control, one’s action
would be driven by impulses, old habits of thought, and/or stimuli in the environment [65]
and may cause failure to accurately appraise the risk of activities that were once safe [31],
and as a result falls may occur.

Figure 3 demonstrates how cognition, gait, and falls are linked and how cognitive factors
impact on falls, either via gait disorders or directly lead to falls through risk-taking behaviour
due to cognitive impairment.

Implications and Conclusion

Gait, cognition, and fall risks are areas of increasing research interest. The literature
suggests thatthereisarelationship between gaitand cognition, gaitabnormality and cognitive
impairment, and fall risks and cognitive impairment. Previous reviews have explored the
dual-task paradigm and demonstrated the cognitive contributions to gaitand falls [31, 36, 42]
and revealed risk factors for falls among older adults [49]. This paper has brought together
the three concepts - gait, cognition, and fall risks with a particular focus on older adults with
dementia, and has provided a detailed explanation on dementia-related fall risk factors and
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the mechanism of the impact of individual cognitive factors. Being dementia specific with
in-depth analysis has enabled this theoretical framework to provide clear directions for
clinical practice and future research.

Based on this framework we suggest that both gait assessment and cognitive assessment,
with particular focus on executive function, should be integrated in fall risk screening. The
results of these assessments should be interpreted and utilised ina multidisciplinary approach
in a comprehensive fall-prevention program. Many studies have investigated isolated treat-
ments in order to test causal pathways of fall risk factors in older adults with dementia.
However, a comprehensive program to address all risk factors is lacking in the literature. We
are proposing a multidisciplinary approach to close the gap based on this framework and
merge those single treatments in a more comprehensive program. Strategies may include the
prescription of walking aids appropriate to the individuals’ physical as well as cognitive
capacity, customised training programs targeting identified gait abnormalities in addition to
conventional strength and balance training, non-pharmaceutical and pharmaceutical strat-
egies to increase attention, and cognitive training to improve planning and cognitive flexi-
bility/problem-solving skills with the aim of improving the individual’s ability to mobilise
safely during challenging circumstances. Finally, attempts to address decline in cognitive
domains that contribute to risk-taking behaviour, such as poor judgment and inhibitory
control, through behavioural change/modulation may be utilised to improve the ability to
appraise risks when navigating and mobilising in the environment. Guided by the theoretical
framework, incorporating these strategies in a comprehensive multidisciplinary fall-
prevention program may result in better outcomes in reducing fall risks in older adults with
dementia.
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