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Abstract 

 

Background: Mild cognitive impairment (MCI) increases fall risk of community-

dwelling older adults.  

 

Objective: This research project aimed to determine the effectiveness of physical 

exercise and cognitive training in preventing falls among community-dwelling older 

adults with MCI.  

 

Methods: This was a 3-phase research project. Phase 1 was a systematic review. 

Phase 2 was a cross-sectional study. Phase 3 was a randomized controlled trial 

(RCT).  

 

Results: In the systematic review, 17 high-quality RCTs were included. It was found 

that in MCI: 1) exercise increased walking speed and general cognitive function, 2) 

cognitive training had no significant effect on cognitive function, and 3) combined 

physical and cognitive training improved balance. In the cross-sectional study, 230 

community-living older persons (76.5% women) with a mean age of 69.8 ± 6.8 years 

participated. The prevalence rate of MCI is 81.7%. Older persons with MCI have 

statistically significantly higher risk for falling with higher Physiological Profile 

Assessment (PPA) scores (p = .002), independent of age as a confounding factor, 

compared to those without MCI. In the RCT, 92 community-living older adults 

(79.4% female) with MCI, with mean age of 69.5  ±5.6 years  participated, and were 

randomly allocated into Physical and Cognitive Training (PACT) group (n = 23), 
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Physical Training (PT) alone group (n = 23), Cognitive Training (CT) alone group (n 

= 23), and Waitlist Group (WG) (n = 23). PACT demonstrated lower overall fall risk, 

(p = .003), higher cognitive function (p <.001), and better dynamic balance (p = .004) 

over time. PT demonstrated significantly higher cognitive function (p <.001), and 

significant increase in walking speed (p = .001), and lower extremity muscle strength 

(p < .001) post-intervention. CT group did not improve on cognitive function over 

time (p = .058). No significant change was observed across time and groups on fall 

rate and psychological outcomes. 

 

Conclusions: Based on the systematic review, combined physical and cognitive 

training have demonstrated better outcomes in reducing balance risk of falling. In the 

cross-sectional study, MCI was found to be highly prevalent and those with MCI 

have higher risk off falling based on poorer physiological profile.  In the RCT, 

combined physical and cognitive training reduced overall fall risk, increased 

cognitive function and increased balance control in older persons with MCI living in 

the community.  

 

Clinical Implications: Community-based fall prevention programmes for older 

persons particularly for those with MCI need to consider the positive effects of 

combining physical exercise and cognitive training interventions. 

 

Research Implications: A follow-up study must be done to determine the long-term 

effects of the interventions. A qualitative investigation of the interventions also 

needs to be conducted to gather information on how to improve future 

implementation of the programme. 
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Preface  

Chapter 1 provides a general background about the whole research project 

including the formulation of the research questions, research objectives, and 

hypothesis. The research project was divided into three phases. Phase 1 was a 

systematic review, Phase 2 was a cross-sectional study, and Phase 3 was a 

randomized controlled trial (RCT).  Chapters 2, 3 and 4 pertain to the three phases of 

the research project, consecutively. Chapter 2 is a published systematic review. 

Chapter 3 has a manuscript about the cross-sectional study and a published article 

about translating an outcome measure/questionnaire. Chapter 4 contains a published 

trial protocol and a manuscript about the RCT.  A uniform format and style of 

reporting manuscripts were applied across all papers to ensure consistency 

throughout the thesis including the citing of references, segmentation of the main 

parts of each paper into Abstract, Introduction, Methods, Results, Discussion and 

Conclusions. The complete citations of the published and submitted articles are 

presented below. Chapter 5 summarizes the main findings and conclusions of the 

entire research project. All references and relevant appendices are compiled and 

presented at the end of the thesis.  
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1.1  Mild cognitive impairment (MCI) 

 

 

1.1.1  Definition of MCI 

 

 Mild cognitive impairment (MCI) is the intermediary state of cognitive 

decline between the changes due to the normal aging process, and the deterioration 

due to dementia and other neurological diseases [1, 2]. In MCI, the level of cognitive 

function is lower compared to that expected for one’s chronological age and 

educational attainment. However, this condition does not seem to affect negatively 

the activities of daily living (ADLs) of the person. This is the main difference of 

MCI from dementia, whereby ADLs are greatly affected due to severe cognitive 

dysfunction [3, 4]. 

 

 Over the years, since the term MCI was initially introduced in literature in 

1982 [5], varying definitions and interpretations about this mental state had emerged. 

To consolidate and streamline the different concepts and definitions of MCI, 

multidisciplinary experts from around the world converged in Stockholm, Sweden in 

2003, and recommended the criteria for the diagnosis of MCI. According to the 

report of this international working committee which was published in 2004, MCI is 

present if 1) the individual’s cognitive function cannot be classified as normal nor 

demented; 2) there is a subjective report from the individual and/or informant about 

cognitive deficits with evidence of deterioration over time on objective cognitive 

tasks, and 3) the individual’s basic ADLs are preserved with only slight impairment 

in complex instrumental ADLs [2, 3, 6]. 
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1.1.2  Types of MCI 

 

 To describe further mild cognitive impairment, two subtypes were identified: 

amnestic and non-amnestic. The amnestic MCI is the more common type between 

the two [1]. It is characterized by an evident memory deficit, as reported by the 

patient and possibly confirmed by an informant; however, this problem in memory 

does not constitute dementia. Patients with amnestic MCI have intact general 

cognitive domains such as executive function, language skills, attention, and 

visuospatial skills, and preserved ADLs. The non-amnestic MCI, on the other hand, 

describes impairment in some other cognitive functions like language use, attention 

and visuospatial skills, which is not associated with memory deficits [1, 3, 4]. The 

amnestic type of MCI is considered the precursor of dementia due to Alzheimer’s 

disease, while the non-amnestic type of MCI may be the forerunner of dementia due 

to degeneration of Lewy bodies or that of the frontotemporal lobes [1]. 

 

 

1.1.3  Etiology of MCI 

 

 The exact etiology causing older persons with normal cognition to develop 

mild cognitive impairment, as of this time, can only be inferred from a few studies 

reporting on possible risk factors [7, 8]. Age-related degenerative changes in the 

brain, lesions in the white matter, cerebrovascular pathology, genetic predilection, 

trauma, environmental factors, illness, depression, intake of some medications 

(anticholinergic drugs), and educational background are just some of the identified 

hypothetical factors/risks for MCI [1, 3, 7, 9]. The latter five factors can account for 
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the reported 44% reversible variant of MCI after about 12 months [3], and these 

should not be missed out when obtaining the subjective history of the patient [1]. In 

addition to these factors, the Sydney Memory and Ageing Study in 2012 reported 

that the risk to incur mild cognitive impairment is enhanced by positive APOE ε4 

allele, elevated homocysteine, and history of cardiac condition. It also found out that 

better olfactory function or odor identification, good vision or visual acuity, and 

adequate mental activity are protective factors in reducing the risk of developing 

MCI [8]. 

 

 

1.1.4  Prevalence and incidence of MCI 

 

 The number of older adults with MCI is expected to rise with an increasingly 

aging population [7].  It is estimated that the global prevalence rate for older persons 

aged 70 or above falls within the range of 14% to 18% [9]. This average prevalence 

rate is predicted to rise in the coming years with an increasingly aging population 

[10].  The incidence of MCI is approximated as 8-58 per 1000 older persons every 

year [7]. Furthermore, as a prodromal phase of dementia [11, 12], the annual 

conversion rate of MCI to dementia was reported to be 3-5% in community settings 

and 10-13% in clinical settings [13, 14]. 

 

 

1.2 Falls in older adults 

 

 The occurrence of falls among older persons, in general, has a global 
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prevalence rate of 28-35% for those 65 years old or above [15, 16]. The risks of falls 

for older adults is multifactorial and could be due to: 1) personal or intrinsic factors 

such as advancing age, cognitive decline, diminished functional abilities, balance 

dyscontrol, visual impairment, depression, previous history of falls, and presence of 

chronic conditions involving the cardiovascular or neurologic system; and 2) 

environmental or extrinsic factors such as use of mobility aids, and presence of 

household hazards such as curbs, clutter, poor lighting, and lack of stair railings [17-

23]. 

 

 

1.2.1 Falls among older adults who are cognitively impaired 

 

 Falls for the cognitively-impaired older adults occur more frequently [20, 24] 

and are estimated to be as high as 62-65% in a cycle of 6-12 months [19, 25] when 

compared to the cognitively healthy. Older adults with poorer executive functioning 

are found to be three times more likely to incur a fall [26]. Motor planning for daily 

activities, like reaching for an object, may be altered by impaired executive 

functioning resulting in increased falls risk [27]. 

 

 For older persons with mild to moderate cognitive impairment living in the 

community, a more recent prospective study reported that the prevalence of falls is 

two times compared to cognitively intact peers [28]. As for incidence, it could be 

4.2-9.1 falls per person per year which is eight times higher compared to age- and 

gender-matched elderly population [19, 25]. Moreover, MCI has been considered a 

predictor and also a fall risk factor in older persons living in the community [29, 30], 



33 

 

particularly among older women [27]. 

 

 Cognitive decline clearly increases the risk of falls in older adults [23, 31]. 

Cognitive impairment due to dementia or Alzheimer’s disease is considered a stand-

alone risk factor for falling, independent of all other risk factors [32]. Poorer 

outcomes after a fall are also expected for older people with cognitive impairment 

compared to those without cognitive impairment [32, 33].  

 

 The presence of MCI in older persons increases their fall risk [27, 29, 34]. In 

addition, it was reported that losing confidence and developing fear of falling is even 

more common among patients with MCI rather than those with Alzheimer’s disease 

[24].  

 

 

1.2.2 Falls prevention through exercise 

 

 One of the most commonly researched interventions to prevent and manage 

falls among the geriatric population is exercise [16, 35]. Exercise, or physical 

training, pertains to any repetitive movement that is carefully planned and structured 

in order to maintain or improve one or more components of physical health [36]. 

Therapeutically, it could be used to improve range of motion and flexibility, increase 

strength, decrease pain, improve balance control, and proprioception, increase 

endurance, and restore function [37, 38]. 

 

 For the general population of older adults, a systematic review of 54 
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randomized controlled trials, concluded that exercise, as a single intervention and 

with an emphasis on balance training, can prevent falls [35]. For community-

dwelling older adults, a systematic review of 159 randomized clinical trials found out 

that multiple-component group and multiple-component home-based exercise 

programmes (usually containing strength and balance training), and home safety 

interventions are effective strategies in reducing both the rate of falls and the risk of 

falling [16]. It also reported that Tai Chi, a mind-body exercise, has borderline 

statistical significance in terms of its effect in falls reduction, but proved to be 

effective, with statistical significance, in decreasing risk of falling [16].  

 

 For older adults residing in health institutions, a systematic review of 60 

randomized controlled trials generalized that exercise seems to be effective in a 

subacute hospital setting in reducing falls, but remains inconclusive in care facilities 

due to variations in findings, interventions and dependency levels [16]. It also 

reported that multi-factorial interventions are effective in the reduction of falls rate in 

hospitals and provide potential benefits in care facilities, but the evidence for 

decreasing risk of falling remains uncertain. It added that the inclusion of physical 

therapy services has led to lesser number of fallers in hospital wards [16]. 

 

 In a systematic review and meta-analysis of seven randomized controlled 

trials, it was reported that exercise, as a single intervention, significantly and 

positively prevented falls occurrence in older persons with cognitive impairment [39]. 

This conclusion was based on heterogeneous participants employed by the studies 

included, from those with low scores in cognitive assessment tests to those with a 

diagnosis of dementia or Alzheimer’s disease. There were also variations in terms of 
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exercise parameters like type, frequency, and intensity in the intervention protocols. 

Therefore, the findings of this meta-analysis must be interpreted carefully for its 

clinical implications [39]. 

 

 In another systematic review of three randomized controlled trials and one 

single group pre- and post-test pilot study, it was concluded that exercise, whether 

provided as a single intervention or incorporated in a multiple-component strategy, 

presents promising evidence of effectivity to falls reduction for patients with 

dementia [17]. The exercise may be in the form of strength, balance control, mobility 

and/or endurance training, and progressed appropriately. This, however, must be 

interpreted with caution according to the authors. Only four studies, published in 

English, were included, and that outcome measures, sample size, and follow-up 

procedures utilized were not consistent [17]. 

 

 In a different systematic review of 11 randomized controlled trials, exercise 

was found to have limited effectiveness on falls prevention among cognitively-

impaired older adults [40]. This conclusion may not form an evidence-based 

recommendation because the studies included in the review show low 

methodological quality to inform practice. Diversity in the sampling procedure, 

sample size, intervention protocols, use of outcome measures and research 

methodology in general in the included randomized controlled trials make it difficult 

to draw concrete conclusions [40]. This was also the conclusion of another 

systematic review of five randomized controlled trials, two non-randomized 

controlled trials, and four pre- and post-test trials [41]. Heterogeneity of the 11 trials 

included in the review resulted in conflicting evidence and questionable 
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generalizations for preventing fall occurrence and reduction of risk factors among 

older adults with cognitive deficit [41]. 

 

 In summary, exercise as a single intervention or as a component of a multi-

factorial intervention has been proven effective in reducing rate of falls and risk of 

falls among older adults in general [16, 35]. However, its effectiveness in older 

people with cognitive impairment remains uncertain due to varying results, different 

exercise parameters, and methodological weakness in the conducted trials [17, 39-

41]. Inconclusive evidence may also be due to the inability of this target population 

to learn and process new information, moreso to comply with exercise protocols 

lasting for weeks or months [20]. The optimal and safe exercise programme to be 

implemented to this challenging population in order to decrease their fall rates and 

risk of falls has yet to be designed [35, 42]. 

 

 

1.2.3 Falls prevention through cognitive training 

 

Cognitive training refers to the application of structured practice geared 

towards maintaining or improving the mental faculty of older persons in cognitive 

functions like memory, language, executive function and attention [43-45]. This 

includes identifying tasks to improve memory, problem-solving to enhance 

reasoning, goal management to practice executive function, process training to 

perform dual tasking and/or task-switching [44]. Cognitive training has been proven 

effective in healthy older adults in improving cognitive functioning [45-47] and may 

also be an effective preventive strategy in the onset of any cognitive decline among 
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older persons [48]. By targeting specifically executive dysfunction, it has been 

recommended to decrease the rate of falling in the geriatric population with cognitive 

impairment due to Alzheimer’s disease [31]. Instability in automatic tasks such as 

walking due to problems in perceptual-motor integration may be corrected with 

cognitive training and decrease fall rate [31]. 

 

For older adults with MCI, a systematic review of five randomized controlled 

trials, eight quasiexperimental trials, and two single-case studies, reported that both 

objective and subjective measures of memory, and also the quality of life and mood 

parameters were significantly improved after cognitive training [49]. In another 

systematic review of  35 trials with separate analyses for healthy older adults and 

those with MCI, the authors found out that cognitive interventions can significantly 

improve memory and executive function in the MCI population [45]. Both 

systematic reviews, however, recommended that future trials should be of good 

methodological quality with large sample size and that non-cognitive outcomes 

should be used to determine the impact of cognitive training to everyday life 

activities and function [45, 49]. In a different systematic review of 36 randomized 

controlled trials among healthy older adults and those with MCI, it was concluded 

that cognitive training gave positive results in memory performance but these were 

limited effects because the improvements are not significantly greater compared to 

active control conditions [43]. 

 

The translation of the improvements in cognitive function due to cognitive 

training to positive effects in ADLs, and reduction of falls rate and risk of falls, 

however, are yet to be proven [45, 50]. The link connecting the improvement in 
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cognitive function through cognitive training and falls prevention in MCI is not yet 

established. 

 

 

1.3 Neurological and physiological mechanisms 

 

 Combining physical exercise and cognitive training as a treatment paradigm 

could potentially address both the physical and cognitive risks of falls in older 

persons with cognitive impairment [51]. Although physical exercise and cognitive 

training may have different underlying mechanisms in inducing effects in physical, 

cognitive and psychological functions in older people [51], the integrated stimuli 

from these two interventions may  have additive effect on neurogenesis [52] and 

therefore, neuroplastic changes in the brain may be more evident when these two 

interventions are simultaneously provided. It has been postulated also that motor and 

cognitive processes in our brain share similar developmental evolution, therefore 

they are associated functionally and can dynamically influence each other 

bidirectionally [53].  

 

 A number of animal studies supported this synergistic effect of combining 

physical exercise and cognitive training on enhancing neurogenesis through priming 

of the neurogenic region of the dentate gyrus [52] or increased length and complexity 

of dendrites in the dentate gyrus [54]  which  is independent of the  elevations of  

brain-derived neurotrophic factor (BDNF) and  phosphorylated cyclic AMP response 

element binding (pCREB) protein levels which are believed to be very important in 

neuroplastic process involved in learning and memory [55] . 
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 In humans, combined physical/cognitive training had an effect on brain 

functional plasticity. The Train the Brain Consortium (2017) reported that there were 

lesser neural resources utilized, which means better neural efficiency, for the same 

behavioral activities in older individuals with MCI on combined interventions 

training compared to those without training [56]. Another study reported that 

repetitive practice of cognitive tasks combined with physical training resulted in 

efficiency in allocating attention in the performance of tasks such as walking and 

talking  in older persons with cognitive impairment [51], Aside from neural 

efficiency, increased cerebral blood flow in the parahippocampal area in the medial 

temporal lobe of the brain was more evident after combined interventions. This area 

of the brain subserves non-verbal spatial information processing [56].  These 

findings suggest that combined physical exercise and cognitive training had a 

positive effect on the functional plasticity of the brain, including cognitive-motor 

coupling and cross-modality transfer effect [57, 58] and that there is evidence for 

brain plasticity even in old age [59].  

 

 

 

1.4 Statement of the problem 

  

 The health and quality of life of the geriatric population could be 

compromised by the cumulative effects of advancing age, cognitive deterioration and 

high fall rate.  Older people with cognitive impairment are at a heightened risk for 

falls because of the anatomic and physiological changes associated with aging, and 
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other factors that could cause cognitive decline [20, 42]. It is essential to 

scientifically understand which treatment plan and strategies are most effective in 

this population [39] because falls prevention strategies that are proven to be effective 

for older persons without cognitive impairment may not really be effective when 

applied to older persons with cognitive impairment [24, 60].  

 

 Early intervention before the onset of dementia is important and should 

include physical exercise and cognitive training strategies [50]. It is vital for the care 

of older people with MCI to prevent or retard its progression to dementia and to 

prevent the occurrence of falls [26, 27]. A fall could result in fatal or non-fatal 

physical injuries [23, 41], psychosocial problems [61], and also bring about 

economic burden to the family and community [21, 62, 63]. It could also result in 

another incidence of fall and lead to fear of falling that would further result in more 

complications [21, 62].  

 

 Thus, it is of paramount importance to develop and implement effective and 

sustainable treatment strategies and programs, including physical exercise and 

cognitive training [50], specifically designed among older adults with MCI, before 

dementia sets in. This will hopefully address and/or minimize in a proactive manner 

the serious and burdensome physical, psychosocial, and economic consequences of 

cognitive deterioration and falls occurrence [28, 63, 64]. 
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1.5 Primary objective and hypothesis 

 

 This research project primarily aimed to determine the effectiveness of 

physical exercise and cognitive training on preventing falls among community-

dwelling older adults with MCI. The hypothesis was that an intervention that 

incorporates elements of physical exercise and cognitive training in one treatment 

program is more effective compared to physical exercise or cognitive training alone 

in preventing the occurrence of falls in older adults with MCI living in the 

community. 

 

 

1.6 The research project 

 

 In order to achieve the primary objective, this research project was divided 

into three consecutive and related phases (figure 1).  

 

 Phase 1 was a systematic review on the effect of physical exercise, cognitive 

training, and the combination of physical exercise and cognitive training on falls and 

factors known to be associated with falls among older adults with MCI. The 

objective of the systematic review was to summarize and synthesize currently 

available evidence for the effect of physical exercise and cognitive training on falls 

and fall-related factors in older adults with MCI, living in the community, and to 

identify the knowledge gap that needs further exploration and research. 
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         Figure 1 Ph.D. Research Project 

  

 Phase 2 was composed of two research studies. The first study aimed to 

compare the characteristics and outcome scores on physiological and physical fall-

related risk factors between those with and without MCI. The second study aimed to 

translate and validate the Falls Efficacy Scale – International, a questionnaire on fear 

of falling, in Filipino.  
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 The results and findings obtained from Phase 1 and Phase 2 were then used 

as guides in designing the interventions for the third and final phase. Phase 3 was a 

randomized controlled trial. The objective of this study was to determine the 

effectiveness of a treatment program combining elements of physical exercise and 

cognitive training in preventing falls among community-dwelling older persons with 

MCI. The RCT protocol was registered in ClinicalTrials.gov NCT03167840. 

 

                    

1.7 Ethical Considerations 

 

Prior to implementing the second and third phases of the research project 

study, distinct ethical approvals for the two phases were first obtained from the 

Human Subjects Ethics Sub-committee of the Hong Kong Polytechnic University-

Department of Rehabilitation Sciences and the Ethics Review Committee of the 

University of Santo Tomas-College of Rehabilitation Sciences (Appendices A-D). 

The study complied with the principles of the Declaration of Helsinki 2013 and 

Good Clinical Practice Guidelines. 

 

 The Participant’s Information Sheets and Consent Forms of Phase 2 and 

Phase 3 (Appendices E-L) were provided and explained separately to the participants 

in different occasions to ensure that they are knowledgeable and well-informed about 

the purposes of the study phases and how they will be conducted. They were 

expected to give their decision on the same session after all concerns and questions 

have been explained. Only those who signed the written consent form were included 

in the research project. 
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 The older adults’ participation was completely voluntary. They have the right 

to withdraw at any time during the study without a reason, which did not lead to a 

penalty or unfair treatment. A legal guardian was asked to co-sign the consent form 

in case the older person needed assistance. In addition, one impartial witness was 

asked to sign the consent form also.  

 

The eligible participants received free physical therapy, occupational therapy 

and neurologic assessment and patient education program on how to reduce their risk 

of falls in the future. In case of any untoward incident like dizziness, injuries, or falls 

during the conduct of the study, appropriate first aid, medical attention or referral to 

a clinic or hospital, if needed, were done immediately. A travel allowance of PhP50 

and light refreshments were provided to each participant every time they attend a 

session. 

 

Simple and non-invasive assessment tools (interview for falls, history, fear of 

falling, daily activities, quality of life; functional assessments for balance, strength, 

gait; paper-based tests for global cognitive function, memory executive function) 

with established validity and reliability were utilized as outcome measures by trained 

student researchers supervised by licensed therapists.  

 

The potential risks for the study include fatigue and incurrment of injuries 

such as falls, wounds, and bruises during the process of the assessment. With this in 

mind, preventive measures were put into place such as strategic positioning of 

standby trained student researchers, continuous blood pressure checking, and 
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incorporation of rest periods in between tests to ensure safety during the assessment 

and intervention processes.  

 

The privacy and confidentiality of the participants were kept by making no 

information available to the public. Each eligible participant had an assigned code 

number to protect their identity. Data collected were kept in a password protected 

computer folder. In the event of any publication involving this study, the identity of 

the participants will remain confidential. Data gathered in electronic and paper forms 

will be disposed of by the researchers after five years. The paper documents will be 

shredded while the electronic documents deleted in all storage devices. 

 

No conflicts of interest were presumed to occur between the investigators, 

participants, and the sponsors of the project. Funding for this research project 

primarily came from the Research Studentship Associated Money from The Hong 

Kong Polytechnic University. Secondary funding came from the University of Santo 

Tomas Simbahayan Community Development Office.  
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2.1 Abstract 

 

Objective: To evaluate the effect of exercise and cognitive training on falls 

reduction and on factors known to be associated with falls among community-

dwelling older adults with mild cognitive impairment (MCI). 

 

Data sources: Seven databases (PubMed, CINAHL, Cochrane Library, Web of 

Science, ProQuest, ProQuest Dissertations and Theses, and Digital Dissertation 

Consortium) and reference lists of pertinent articles were searched. 

 

Study selection: Randomized controlled trials (RCTs) on the effect of exercise, 

cognitive training or combination of both on falls and factors associated with falls 

such as balance, lower limb muscle strength, gait and cognitive function among 

community-dwelling older adults with MCI were included. 

 

Data extraction: Data were extracted using the modified JBI-MAStARI tool. Study 

quality was assessed using the JBI-MAStARI appraisal instrument. 

 

Data synthesis: Seventeen RCTs (1679 participants; mean age of 74.4 ±2.4) were 

included. Interestingly, neither fall rate nor the number of falls was chosen as an 

outcome measure in these studies. Only indirect measurements were reported. 

Exercise improved gait speed and global cognitive function in MCI; both are known 

factors associated with falls. Cognitive training alone had no significant effect on 

cognitive function while combined exercise and cognitive training improved balance 

in MCI. 
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Conclusions: This review suggests that exercise, and combined exercise and 

cognitive training improve specific factors associated with falls such as gait speed, 

cognitive function, and balance, in MCI. Further research on the direct effect of 

exercise and cognitive training on fall rate and incidence in older adults with MCI 

with a larger sample size is highly recommended. 

 

Keywords: frail elderly; mild cognitive impairment; exercise; cognitive therapy 
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2.2 Introduction 

 

Falls in the geriatric population is a critical issue because of its serious fatal 

and non-fatal consequences [63]. For community-dwelling older adults with mild to 

moderate cognitive impairment, the prevalence of falls is twice compared to their 

cognitively intact peers [28]. Having mild cognitive impairment (MCI) increases the 

risk of falls in older adults [27, 29, 34]. 

 

 MCI describes a state in the spectrum of cognitive function that falls 

between the changes expected due to the typical aging process and decline due to 

dementia [1, 2]. The level of cognitive function in MCI is below that expected for 

one’s chronological age and educational attainment, however, this condition does not 

seem to affect negatively the day-to-day activities of the individual [3, 29]. The 

prevalence rate of MCI for people aged 70 and above ranges from 14–18% [9], while 

its incidence is estimated to be 8–58 per 1000 older people every year [7]. With an 

increasingly aging population, the number of older people with MCI is expected to 

rise [7]. 

 

Cognitive impairment, with a decline in global cognitive function, and in 

memory and executive function subscales, is known to be associated with falls in 

older persons [65]. Older people with a reduction in overall or global cognitive 

function [32, 65, 66], a decrease in immediate memory [64, 67], and a poorer 

performance in executive functioning [26, 66, 68, 69] have been found to be more 

likely to have a fall. Cognitive training has been found to improve cognitive 
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(memory, executive function) abilities in the general geriatric population [46, 47], 

and has been shown to decrease falls rate in older persons with cognitive impairment 

due to Alzheimer’s disease [31].
 
It was postulated that cognitive intervention may 

address the faulty perceptual-motor integration (related to executive function) that 

leads to instability to certain automatic tasks like walking and eventual fall [31]. 

These benefits of having improved cognitive function and reduced falls occurrence, 

however, have not yet been established in older persons with MCI. 

 

Aside from cognitive factors, certain physical factors are also known to be 

associated with falls in older persons such as lower limb muscle strength, and 

deficits in balance and gait. Older adults with low balance scores [28, 70], decreased 

lower extremity muscle strength [71], and slow walking speed [69, 72] have a higher 

probability of falls. Older adults with MCI have poorer balance control compared to 

their normal healthy counterparts [73]. Lower balance score in MCI is predictive of 

falls over a 12-month period [74]. Impaired muscle strength in aging is postulated to 

precede the development of MCI [75]. And slow gait speed is also evident in MCI 

[72] and is associated with falling [30]. These physical factors are currently the foci 

of physical therapy and rehabilitative strategies for falls prevention in older persons 

[76, 77]. The recommendations for decreasing falls incidence and increasing 

performance levels in these physical factors, however, for older persons with MCI, 

are not yet definite [24, 39, 60]. 

 

The effectiveness, therefore, of cognitive training and physical exercise in 

reducing falls or addressing factors related to falls among older people with MCI 

must be established.  The combination of increasing age, high incidence of falls, and 
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the presence of physical and cognitive factors associated with fall pose potential 

threats to the health and quality of life of older people [20, 42], and those with MCI 

are likely to be more affected. Thus, it is important to know the effectiveness of 

physical exercise and cognitive training specifically targeting balance, lower limb 

muscle strength, gait, cognitive decline [50], in older adults with MCI.  

 

The objective of our systematic review was to evaluate and summarize 

current evidence from RCTs on the effect of physical exercise, cognitive training, or 

combination of physical exercise and cognitive training on falls and fall-related 

factors such as balance, lower limb muscle strength, gait, and cognitive function, in 

community-dwelling older adults with MCI, compared to comparison groups. The 

findings of this review may help to address proactively the serious consequences of 

cognitive deterioration and fall occurrence among older adults with MCI in the 

community. 

 

 

 

2.3 Methods 

 

 

2.3.1 Eligibility criteria 

 

Studies were selected based on the following eligibility criteria: 

 Participants: Community-dwelling older adults in their senior years, at least 

60 years old, with MCI confirmed by medical or consensus diagnosis based 
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on published criteria which include: 1) cognitive function is neither normal 

nor demented; 2) individual and/or informant reports declining cognitive 

function; and 3) independent in basic activities of daily living (ADL) but may 

have slight impairment in complex instrumental ADLs [2, 3, 6]. 

 

 Interventions: Physical exercise, cognitive training, or a combination of 

physical exercise and cognitive training. Exercise or physical activity may be 

directed toward improving balance control, lower limb muscle strength, or 

gait. Cognitive training programs on improving global cognitive function and 

subscales on memory and executive function were included.  

 

 Comparisons: The non-intervention group could be a control group with no 

training, a placebo group, a group on health promotion, a group on routine 

medical care, OR a waitlisted group. 

 

 Outcome measures: Direct or indirect measures on falls. Direct measures 

included falls rate or incidence, the number of fallers. Indirect or proxy 

measures of falls [41] were physical and cognitive factors associated with 

falls. Physical factors such as balance, lower limb muscle strength, gait, and 

cognitive factors such as global cognitive function, memory, and executive 

function were considered.  

 

 Study design: RCTs published in English. Only articles with at least seven 

“yes” responses in the 10-item Joanna Briggs Institute Meta-Analysis of 

Statistics Assessment and Review Instrument (JBI-MAStARI critical) 
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appraisal instrument were included. Following the formal definition of MCI 

released in 2004 [6], only studies published from 2004 to 2015 were included. 

 

 

2.3.2 Literature search 

 

To minimize publication bias, RCTs were retrieved from five databases of 

published articles such as PubMed, CINAHL (EBSCO), the Cochrane Library, Web 

of Science, ProQuest (SciTech Collection, PsychINFO), and from two databases of 

unpublished articles such as ProQuest Dissertations and Theses, and the Digital 

Dissertation Consortium. 

 

A three-step search strategy was implemented from September to November 

2015. The initial search was conducted in PubMed and CINAHL (EBSCO) using the 

following keywords: older adults, mild cognitive impairment, exercise, cognitive 

training, rate of falls, number of fallers, and risk of falls, to identify other text words, 

index terms, and medical subject heading (MeSH) words. A second search was 

undertaken by combining all of the identified additional keywords and index terms 

across the chosen databases. A sample search strategy is presented in Appendix M. A 

hand search was conducted for additional pertinent articles from the reference lists of 

all selected studies. Authors were contacted when it was necessary to obtain the full 

copy of the manuscript, to get results from published protocols, or to check for sub-

analysis of the MCI participants. The Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) checklist [78] was followed. 
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2.3.3 Study selection and quality 

 

Two investigators were involved in the selection process (DSL and AMCA). 

Study quality was assessed using the standardized critical appraisal instrument for 

RCTs from JBI-MAStARI [79] (Appendix N). It is a 10-item checklist that covers 

quality issues concerning randomization, blinding, concealed allocation, the 

similarity of groups at baseline, attrition, treatment protocol, use of outcome 

measures and statistical analysis. The items on the list were also be used to assess the 

risk of bias. Each article was independently scored by the two assessors with yes, no, 

unclear and not applicable responses per item. In cases when it is not clear whether a 

criterion is met or not for example lack of reporting of specific randomization 

procedure, and when there are disagreements in scoring between the investigators, 

the issues were resolved through discussion, or with a third investigator (WWNT). 

Prior to critically appraising the articles, the reviewers discussed the manner of 

scoring and agreed to only include studies with at least seven “yes” responses.  

 

 

2.3.4 Data collection and synthesis 

 

Quantitative data were extracted initially by author DSL using the modified 

JBI-MAStARI extraction tool (Appendix O) and cross-checked later by author 

AMCA. The information extracted included details of significance to the review 

objective including the study population, interventions, outcome measures, the effect 

of interventions, and authors’ conclusions. Due to the heterogeneity of the outcome 
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measures across the included studies, statistical pooling of quantitative data was not 

performed; instead, the data were summarized in tables and are presented in narrative 

form. 

 

 

 

2.4 Results 

 

 

2.4.1 Study selection 

 

The search strategies generated 4,956 published and 7,407 unpublished 

potential articles for review. After screening for title and year of publication, 12,179 

articles were excluded. The remaining 184 articles were then consolidated, and 41 

duplicates were removed from the list. Abstracts of 143 articles were obtained and 

after further screening, 112 articles were excluded for various reasons (figure 2). The 

full manuscripts of the remaining 31 articles and 1 hand-searched article were 

obtained for critical appraisal. After assessing the study quality, 17 articles (1679 

participants; mean age of 74.4 ±2.4) were included in the review. 
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Figure 2 Study selection flow of the systematic review 
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2.4.2 Study characteristics 

 

Table 1 summarizes the study characteristics and findings of the six articles 

on the effectiveness of physical exercise [80-85]. Four of the studies reported on 

different outcome measures but used the same study population and intervention [81, 

83-85]. There were eight RCTs on the effectiveness of cognitive training, four of 

which focused on individual-based computerized intervention strategies [86-89] as 

seen in Table 2, while the other four used group-based strategies of memory 

rehabilitation [90-93], presented in Table 3. Table 4 shows the three articles on the 

effectiveness of combined physical exercise and cognitive training [94-96].  

 

 

2.4.3 Outcome measures 

 

None of the RCTs included used direct measures of falls such as fall rate or 

incidence, number of fallers. No study reported on lower limb muscle strength. Two 

RCTs examined the change in balance status using one-leg standing [81] or the Berg 

Balance Scale [95]. Two studies examined the effect of treatment on gait using stride 

length and time [81] and gait speed [81, 83]
 
as outcome measures. 

 

Outcome measures used in the studies that measure the effect of the 

intervention on global cognitive function, memory, and executive function are 

documented in Tables 1-4. Nine different tools were used to measure global 

cognitive function, 15 for memory and 10 for executive function. 
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Table 1 

Summary of included articles in the systematic review on physical exercise 

REFERENCE STUDY OBJECTIVE 
STUDY 

POPULATION 

MEAN AGE 

(Years, SD) 

COGNITIVE 

LEVEL 

INTERVENTION 

PARAMETERS 
OUTCOME 

OUTCOME 

MEASURE 
EFFECT OF INTERVENTION 

 

Baker et al. 

2010[80] 

 

To examine the effects of 

aerobic exercise on 

cognition and other 

biomarkers associated 

with Alzheimer’s disease 

pathology for older adults 

with MCI, and to assess 

the role of sex as a 

predictor of response. 

 

33 adults (17 

women) with 

aMCI; 4 

dropouts. 

 

IG = 19 

CG = 10 

 

70  

 

IG = 68.0 

CG = 72.6 

 

MMSE 

score:  

IG = 27.1 

CG= 27.9 

 

IG: Supervised aerobic exercise 

at 75-85% of HRR for 45-60 

min/day, 4 days/week for 6 

months. 

 

CG: Supervised stretching 

activities of the same 

parameters, but heart rate 

maintained at or below 50% 

HRR. 

 

Memory 

 

 

 

 

Executive 

function 

 

Story Recall  

List Learning  

Delayed-match-to-

Sample  

 

Trail Making Test  

Stroop Color-

Word Test  

Task switching  

Verbal fluency  

Symbol digit 

modalities 

 

Aerobic exercise improved executive 

control after 6 months (p = 0.04). 

However, no significant effects were 

observed on memory (p = 0.33).  

Doi et al. 

2013[81]  

To investigate the effect 

of multicomponent 

exercise on gait in the 

elderly. 

50 older adults 

(27 men) with 

aMCI  

 

IG = 25 

CG = 25 

 

 

 

 

76.0 (±7.1); 

range 65-92 

 

IG = 75.3 

(±7.5) 

CG = 76.8 

(±6.8) 

MMSE 

score:  

IG = 26.8 

(±1.8) 

CG = 26.6 

(±1.6) 

IG: combinations of aerobic 

exercise, endurance, walking, 

muscle strengthening, postural 

balance retraining, and gait 

training for 90 min, 2x/week 

over 6 months.  

 

CG: 2 health promotion 

education classes; did not 

receive information on exercise, 

physical activity or cognitive 

health. 

Gait 11-meter walkway 

gait analysis 

Gait speed 

Stride length 

Stride time 

 

Multicomponent exercise was associated 

with significant group differences in gait 

speed (p = 0.037) and stride length (p = 

0.011), but not stride time (p = 0.268).  

Makizako et al. 

2012[83] 

To evaluate the effect 

of a multicomponent 

exercise program on 

physical and dual-task 

performance in 

community-dwelling 

older adults with aMCI 

    Balance 

Gait 

One-leg standing 

Maximal walking 

speed 

No significant improvement on one-leg 

standing time (main effect for time, p = 

0.69; group × time interaction, p = 0.35). 

No statistically significant main effect 

for time (p = 0.64) but statistically 

significant group × time interaction (p = 

0.02) on maximal walking speed. 
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Suzuki et al. 

2013[84] 

 

 

 

 

 

To examine the effect 

of a multicomponent 

exercise program on 

memory in older adults 

with MCI, and identify 

biomarkers associated 

with improvement of 

cognitive functions 

   

 

 

 

 

Cognitive 

function 

 

Memory 

 

 

 

 

 

MMSE 

ADAS-Cog 

 

Wechsler Memory 

Scale (Revised) 

 

 

 

 

 

IG exhibited significantly better group × 

time interaction on MMSE (p = 0.04), 

and logical memory scores (p = 0.04) 

compared to CG, but not in ADAS-Cog 

(p = 0.10) 

 

 

Suzuki et al. 

2012[85] 

To examine the effects of 

a multicomponent 

exercise program on the 

cognitive function of 

older adults with aMCI. 

   IG: 90-min supervised 

multicomponent exercise and 

lifestyle changes, 2x/week for 

12 months, and a total of 80 

sessions. 

 

CG: 3 health promotion 

education classes within 12 

months 

Cognitive 

function 

 

Memory  

 

Executive 

function 

MMSE 

 

 

Wechsler Memory 

Scale 

 

Stroop Color-

Word Test 

IG showed better improvements on 

cognitive function (group × time 

interactions for MMSE, p = 0.04), and 

logical memory of immediate recall (p = 

0.03). There were significant main effects 

of time on logical memory of delayed 

recall (p <0.01) and the Stroop Color-

Word Test (p = 0.02), but no group × time 

interactions (p = 0.13 and p = 0.62, 

respectively). 

Law et al. 

201444 

To compare the effects of 

a functional tasks 

exercise program with a 

cognitive training 

program in older adults 

with MCI. 

83 older adults 

with MCI  

 

IG = 43 CG = 40 

IG = 73.7 

(±6.8)  

CG = 74.1 

(±7.6) 

MMSE score: 

IG = 23.8 (±3. 

5)  

CG= 24.5 

(±3.1) 

IG: 13 sessions of simulated 

functional tasks exercises in 10 

weeks, comprising 5-10 min of 

warm-up stretching, 30-min 

actual exercise and 5-10min cool 

down. 

 

CG: existing computer-based 

cognitive and strategy training for 

6 sessions in 10 weeks, and usual 

routine medical care. 

 

Cognitive 

function 

 

 

Memory  

 

 

Executive 

function 

Neurobehavioral 

Cognitive Status 

Examination 

(Chinese version) 

 

Chinese Version 

Verbal Learning 

Test 

 

Trail Making Test 

(Chinese Version) 

 

IG showed significant between-group 

differences in general cognitive functions 

(p <0.001), memory (p <0.001), and 

executive function (p <0.001). The 

improvements were sustained at 6-month 

follow-up. 

 
Abbreviations: aMCI, amnestic mild cognitive impairment; ADAS-Cog, Alzheimer’s Disease Assessment Scale-Cognitive subscale; CG, control group; HRR, heart rate reserve; IG, intervention group; MANOVA, multivariate analysis of variance; MCI, mild 

cognitive impairment; MFQ, Memory functioning questionnaire; MMSE, mini-mental state examination; SD, standard deviation. 
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Table 2 

Summary of included articles in the systematic review on cognitive training using individual-based computerized strategies 

REFERENCE STUDY OBJECTIVE 
STUDY 

POPULATION 

MEAN AGE 

(Years, SD) 

COGNITIVE 

LEVEL 

INTERVENTION 

PARAMETERS 
OUTCOME 

OUTCOME 

MEASURE 

EFFECT OF 

INTERVENTION 

 

Barnes et al. 

2009[86] 

 

To compare the effects 

of a computer-based, 

cognitive training 

program with more 

passive computer-based 

activities in older adults 

with MCI; to determine 

whether intensive 

computer-based 

cognitive training is 

feasible in subjects with 

MCI, and to estimate the 

size of its effect on 

cognition. 

 

47 subjects with 

MCI; 60% were 

men; 77% 

successfully 

completed the 

training. 

 

IG = 22; CG = 25 

 

74 

 

IG = 74.1 

(±8.7); 

CG = 74.8 

(±7.2) 

 

RBANS total 

score 

IG = 85.2 

(±11.5); CG = 

87.8 (±13.6) 

 

IG: exercises to improve 

auditory processing speed 

and accuracy for 100 

minutes/day, 5 days/week 

for 6 weeks  

 

CG: more passive 

computer activities 

(reading, listening, and 

visuospatial games) for 

similar amounts of time. 

 

 

Cognitive 

function 

 

Memory 

 

 

 

Executive 

function 

 

RBANS 

 

 

California Verbal 

Learning Test-II 

Spatial Span test 

 

Trail Making Test 

 

 

RBANS total scores improved 

in IG (p = 0.097) compared to 

CG (p = 0.88) with a non-

significant difference between 

the groups (p = 0.26). The 

effect size for the RBANS 

delayed memory test was 

nearly statistically significant 

in favor of the IG (p = 0.07). 

No consistent pattern for 

measures of 

attention/executive function. 

Finn & 

MacDonald 

2011[88] 

To examine the effects 

of a computerized 

cognitive training 

program on cognitive 

functions in a group of 

older adults diagnosed 

with MCI 

25 older adults; 

16 females and 

9 males; 9 

dropouts 

 

IG = 8; CG = 8 

74.2 (±8.1) 

 

IG = 69.0 (±7.7) 

CG = 76.4 (±6.5) 

MMSE score:  

IG  = 28.5 

(±2.3) 

CG = 27.5 (±2.4) 

IG: 30-session 

computerized cognitive 

training program with 

exercises on attention, 

processing speed, visual 

memory and executive 

functions 

 

CG: waitlisted, started the 

same intervention after 6-8 

weeks 

Memory 

 

 

 

 

 

 

 

 

Executive 

function 

CANTAB 

Paired-

Associates 

Learning  

Pattern 

Recognition 

Memory 

Spatial 

Working 

Memory 

MFQ 

 

CANTAB -Intra-

/Extra-

Dimensional Set 

Shifting  

No significant treatment 

effects (p >0.05) were found 

for the memory and 

executive function outcome 

measures of CANTAB. 

There was no effect of 

training on everyday 

memory functioning self-

reported by MFQ. 
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Finn & 

MacDonald 

2015[87] 

 

 

 

 

 

To assess the ability of 

aMCI participants to 

complete a repetition-lag 

training (RLT) program 

modified to allow 

extended encoding time 

and strategy choice; to 

measure transfer gains in 

recollection following 

training; to extend 

findings by other 

researchers that RLT 

may improve working 

memory and cognitive 

flexibility. 

 

 

 

 

 

31 older adults 

with aMCI; 22 

were men; 7 

dropouts  

 

IG = 12; CG = 12 

 

 

 

 

 

75.19 (±6.3)  

 

IG = 72.8 (±5.7)  

CG = 75.1 (±7.5) 

 

 

 

 

 

MMSE score =  

28.10 (±1.5)  

IG = 27.8 (±1.3) 

  

CG = 27.8 (±1.9) 

 

 

 

 

 

IG: A modified RLT 

procedure with extended 

encoding time and 

strategy choice 2x/week 

over 4 weeks 

 

CG: No-contact, attended 

twice to complete pre- and 

post-treatment measures 

 

 

 

 

 

Cognitive 

function 

 

Memory 

 

 

Executive 

function 

 

 

 

 

 

Cognitive 

Failures 

Questionnaire 

 

Wechsler 

Memory Scale 

 

Number 

Sequencing and 

Number-Letter 

Switching 

 

 

 

 

 

No significant group × time 

interactions were seen for self-

reported cognitive failures (p 

= 0.50), immediate recall (p = 

0.781), or executive function 

(p = 0.294). Significant 

improvement was reported in 

delayed recall (p = 0.046) for 

the IG. 

 

Hampstead et al. 

2012[89] 

To evaluate the efficacy 

of mnemonic strategy 

training versus a 

matched-exposure 

control condition and to 

examine the relationship 

between training-related 

gains, neuro-

psychological abilities, 

and medial temporal 

lobe volume in patients 

with aMCI and age-

matched healthy controls 

29 older adults 

with aMCI and 

23 HCs; 3 

dropouts  

 

 

HC-MS = 11 

HC-XP = 10 

aMCI-MS = 14 

aMCI-XP = 14 

HC-MS = 73.2 

(±7.7) 

HC-XP = 72.5 

(±6.8) 

 

 

aMCI-MS = 

73.5 (±10.1) 

aMCI-XP = 70.5 

(±5.8) 

MMSE score:  

HC-MS = 28.2 

(±1.5) 

HC-XP = 27.7 

(±2.2) 

 

aMCI-MS = 

26.9 (±1.8) 

aMCI-XP = 26.1 

(±2.1) 

MS: strategies for 

semantic organization, 

semantic elaboration, and 

mental imagery completed 

in 5 sessions within 2 

weeks. 

 

XP: the same procedures as 

MS, except for the 

mnemonic strategies. 

Memory 

 

 

 

Executive 

function 

RBANS 

Immediate and 

Delayed Memory 

Indices 

 

Trail Making Test 

Memory indices were 

significantly improved as the 

main effect of diagnosis (p 

<0.001) but not significant for 

diagnosis by intervention 

interaction (p >0.97) 

No significant difference was 

seen in executive function (p 

>0.05) 

 

Abbreviations: aMCI, amnestic mild cognitive impairment; CANTAB, Cambridge Automated Neuropsychological Test Battery; CG, control group; HC, healthy control; IG, intervention group; MCI, mild cognitive impairment; MFQ, Memory functioning 

questionnaire; MMSE, Mini-Mental State Examination; MS, mnemonic strategy group; RBANS, Repeated Battery for Assessment of Neuropsychological Status; SD, standard deviation; XP, exposure group 
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Table 3 

Summary of included articles in the systematic review on cognitive training using group-based strategies 

REFERENCE STUDY OBJECTIVE 
STUDY 

POPULATION 

MEAN AGE 

(Years, SD) 

COGNITIVE 

LEVEL 

INTERVENTION 

PARAMETERS 
OUTCOME 

OUTCOME 

MEASURE 

EFFECT OF 

INTERVENTION 

 

Kinsella et al. 

2009[90] 

 

To investigate the 

usefulness of early 

cognitive intervention 

for the memory 

difficulties 

experienced by people 

with aMCI 

 

54 participants 

with aMCI; 10 

dropouts 

 

IG = 22; CG = 22 

 

IG = 78.9 (±5.7) 

  

CG = 74.7 

(±6.1) 

 

MMSE score 

IG = 25.92 

(+2.78)    

CG = 26.82 

(±1.82) 

 

IG: Memory rehabilitation 

group consisted of 5 weekly 1.5 

hour sessions using a problem-

solving approach to illustrate 

common everyday memory 

problems, and practice in 

strategies to respond to these 

problems. 

 

CG: waitlist group 

 

Memory 

 

Prospective Memory 

Performance 

Multifactorial 

Metamemory 

Questionnaire: 

Ability Subscale 

 

 

Prospective memory 

significantly improved (p = 

0.020), but self-appraisal 

of everyday memory did 

not (p = 0.558).  

Schmitter-

Edgecomb & 

Dyck 2014[91] 

To evaluate the 

efficacy of combined 

cognitive 

rehabilitation and 

multi-family group 

treatment (CR-MFG) 

that was designed to 

facilitate the adoption 

of newly learned 

cognitive strategies 

into the care-dyads’ 

everyday lives 

55 older adults 

with MCI and 

their care-partners 

(care-dyads); 7 

dropouts  

IG = 23 CG = 23 

IG = 73.0 (±7.1)  

CG = 73.4 (±7.9) 

RBANS score  

IG = 82.0 (±11.5)   

CG = 86.7 (±15.2) 

IG: 3-month combined CR-

MFG with individual joining 

sessions, an educational 

workshop, and twice weekly 

multifamily memory strategy 

training and problem-solving 

sessions 

 

CG: Standard care comprising 

routine physician visits, disease 

progression monitoring, 

maintenance of active lifestyle, 

and in some cases AChE 

inhibitors and Namenda 

Memory 

 

 

 

 

Executive 

function 

RBANS Immediate 

and Delayed 

Memory Indices 

Rivermead 

Behavioral Memory 

Test – II (RBMT-II) 

 

Bill Paying Subtest 

from the Executive 

Function 

Performance Test 

(EFPT) 

 

The IG exhibited improved 

performance on both the 

RBANS immediate (p = 

0.001) and delayed (p = 

0.005) memory scores 

post-test. The IG also 

showed significant 

improvement in RBMT-II 

performance (p = 0.01), 

but not CG. The post-test 

performance of the IG was 

better than the CG in the 

EFPT bill paying subtest (p 

= 0.05). 
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Troyer et al. 

2008[93] 

 

 

 

 

 

To evaluate the 

effectiveness of a 

multidisciplinary 

group-based 

intervention program 

for changing everyday 

memory behavior in 

individuals with aMCI 

 

 

 

 

 

68 older adults 

with aMCI; (47% 

male)  

9 pilot 

participants, 14 

dropouts 

 

IG = 23 CG = 22 

 

 

 

 

 

75.4 (±6.8) 

IG = 6.0(±5.6)  

CG = 74.8 (±7.7) 

 

 

 

 

 

MMSE score = 

27.7(± 1.7)    

IG = 27.2 (±1.9)  

CG = 28.5 (±1.0) 

 

 

 

 

 

IG: 10 2-hour group sessions in 

6 months comprising lifestyle 

nutrition education, memory 

training, review of information 

or intervention and outcome 

testing. 

 

CG: Waitlist (participated in the 

intervention immediately after 

completing their final testing 

session). 

 

 

 

 

 

Memory 

 

 

 

 

 

Multifactorial 

Metamemory 

Questionnaire: 

Ability Subscale  

Objective Memory 

Ability 

 

 

 

 

 

No significant group × 

time interactions for self-

appraisal of everyday 

memory (p = 0.23) or 

objective memory 

measures (p = 0.82) 

Vidovich et al. 

2015[92] 

To clarify whether a 

group cognitive 

activity training 

strategy (CATS) 

program would 

decrease the 2-year 

rate of cognitive 

decline of people with 

MCI 

160 older adults 

with MCI;  

IG = 80 CG = 80 

75 (±5.8)  

IG = 75.1 (±6.1) 

CG = 74.9 

(±5.5) 

CAMCOG-R 

score   

IG = 89.5 (±6.9)   

CG = 90.6 (±6.4) 

IG: 10 90-minute group 

sessions in 5 weeks (2 times per 

week) on enhancing attentional 

capacity, memory functions, 

and executive processes. 

 

CG: Group education sessions on 

healthy aging (watching videos 

and group discussions) 

Cognitive 

function 

 

Memory 

 

 

 

Executive 

function 

CAMCOG-R  

 

 

California Verbal 

Learning Test-

Second Edition 

(CVLT-II) 

 

Trail Making Test 

 

No significant difference 

in CAMCOG-R scores 

over time between the 2 

groups (p = 0.276) or 

across secondary outcome 

measures on memory (p = 

0.787) and executive 

function (p = 0.283, Trail 

Making Test A; p = 0.108, 

Trail Making Test B) 

 

Abbreviations: aMCI, amnestic mild cognitive impairment; CAMCOG-R, Cambridge Cognitive Examination-Revised; CG, control group; IG, intervention group; MCI, mild cognitive impairment; MMSE, mini-mental state 

examination; MS, mnemonic strategy group; RBANS, repeated battery for the assessment of neuropsychological status; SD, standard deviation. 
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Table 4 

Summary of included articles in the systematic review on combined physical exercise and cognitive training 

REFERENCE 
STUDY 

OBJECTIVE 

STUDY 

POPULATION 

MEAN AGE  

(Years, SD) 

COGNITIVE 

LEVEL 
INTERVENTION PARAMETERS OUTCOME 

OUTCOME 

MEASURE 

EFFECT OF 

INTERVENTION 

 

Lam et al. 2011[95] 

 

To examine the 

effects of mind-body 

physical exercise 

(Tai Chi) on 

cognitive function 

in Chinese subjects 

at risk of cognitive 

decline 

 

389 Chinese older 

adults with either a 

CDR 0.5 or aMCI 

 

IG = 171  

CG = 218 

 

 

IG = 77.2 (±6.3) 

CG = 78.3 

(±6.6) 

 

MMSE score: 

IG = 24.7 (±3.0)  

CG = 24.3 

(±2.9) 

 

Exercise sessions of at least 3 

times per week for 1 year 

 

IG trained with 24 forms 

simplified Tai Chi 

 

CG trained with stretching and 

toning exercise 

 

Cognitive 

function  

 

 

Memory 

 

 

 

Balance 

 

CDR-SOB 

ADAS-cog-

Cantonese version 

 

Memory Inventory 

for the Chinese 

 

 

Berg Balance 

Scale 

 

Both IG and CG showed 

improvement in global 

cognitive function, delayed 

recall and subjective 

cognitive/memory 

complaints (p<0.05). 

Improvements in Berg 

Balance scale were observed 

in IG only (p<0.05).  

Lam et al. 2015[94] To examine the 

possible benefits of 

4 structured lifestyle 

activity 

interventions and 

compare their 

effectiveness in 

optimizing 

cognition for older 

adults with MCI 

555 Chinese older 

adults with MCI; 

423 (76.2%) 

completed the final 

assessment 

 

Physical exercise  

= 114 

Cognitive activity  

= 115 

Integrated group  

= 93 

Social group 

 = 101 

Physical 

exercise  = 75.5 

(±6.7) 

Cognitive 

activity  = 74.4 

(±6.4) 

Integrated group 

 = 76.3 (±6.6) 

Social group 

 = 75.4 (±6.1) 

 

MMSE score: 

Physical 

exercise  = 25.8 

(±2.3) 

Cognitive 

activity  = 25.7( 

±2.4) 

Integrated group 

 = 25.2 (±2.2) 

Social group  

 = 25.6 (±2.4) 

1-hour sessions, 3 times/week for 

12 months on the following: 

Physical exercise group had 

stretching and toning exercise, 

mind-body exercise (e.g., Tai Chi) 

and aerobic exercise.  

The cognitive group had cognitive 

sessions including reading, 

discussion, newspapers, playing 

board games.  

Integrated Cognitive-Physical 

group took part in one cognitive 

and two types of mind-body 

exercise.  

A social group, the active control 

arm, attended tea gatherings, film 

screenings, and other activities. 

 

Cognitive 

function  

 

 

Memory 

 

 

 

 

 

CDR-SOB 

ADAS-Cog-

Cantonese version 

 

Delayed Recall 

Memory Inventory 

for the Chinese 

 

 

 

 

There was no change in 

CDR-SOB across time and 

intervention groups. The 

Integrated group, compared 

with other intervention 

groups, had more significant 

improvements on ADAS-Cog 

and delayed recall 

performance with MCI 

participants (p <0.001). 

There was a significant 

decrease in subjective 

cognitive/memory 

complaints across all groups 

with time (p <0.001) 
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Fiatarone Singh et 

al. 2014[96] 

 

 

 

 

 

 

To examine the 

isolated and 

combined benefits 

of CT and resistance 

training in MCI 

 

 

 

 

 

 

100 older adults 

with MCI (68% 

women) 

 

IG1: 24 

IG2: 22  

IG3: 27 

CG: 27 

 

 

 

 

 

 

 

70.1 (±6.7) 

 

 

 

 

 

 

ADAS-Cog 

IG1: 8.79 

IG2: 8.29  

IG3: 8.02 

CG: 8.09 

 

 

 

 

 

 

 

CT: a computer-based set of 

exercises on memory, executive 

function, attention, and speed of 

information processing.  

Sham CT: watching 5 short 

National Geographic videos, 

followed by a short discussion.  

Progressive Resistance Training 

(PRT): supervised high-intensity 

exercises with 8 repetitions each 

for 3 sets.  

Sham PRT: stretching and seated 

calisthenics that does not cause 

physiological changes. 

 

IG1: CT and sham PRT 

IG2: PRT and sham CT  

IG3: Combined CT and PRT 

CG: Sham CT and sham PRT 

Each session took 60–100 

minutes (60 minutes control, 75 

minutes PRT, or CT groups, 100 

minutes combined), 2-3 times per 

week for 6 months 

 

 

 

 

 

 

 

Cognitive 

function 

 

 

Memory 

 

 

 

Executive 

function 

 

 

 

 

 

 

ADAS-Cog 

 

 

 

Wechsler Memory 

Scale 

 

 

Wechsler Adult 

Intelligence Scale 

Matrices 

 

 

 

 

 

 

 

High intensity PRT (IG2) 

improved global cognition (p 

<0.05), verbal/constructional 

memory and executive 

function (p = 0.016) in older 

adults with MCI. Benefits in 

global and executive 

functions were maintained 

over 18 months. By contrast, 

CT (IG1) had no significant 

effects on any cognitive 

domains except memory (p 

<0.02), and it attenuated 

memory domain decline 

during the period of active 

training only. Combined 

Training (IG3) unexpectedly 

significantly reduced the 

benefits of isolated PRT on 

executive and global 

cognitive function. 

 

Abbreviations: aMCI, amnestic mild cognitive impairment; ADAS-Cog, Alzheimer’s Disease Assessment Scale -Cognitive subscale; CDR-SOB, Clinical Dementia Rating-Sum of Boxes; CI, confidence interval, CT, cognitive training; CVFT, Category Verbal 

Fluency Test; CG, control group; IG, intervention group; MCI, mild cognitive impairment; MMSE, mini-mental state examination; OR, odds ratio; SD, standard deviation. 
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2.4.4 Effectiveness of physical exercise 

 

Six studies [80-85]  examined the effect of physical exercise on either 

physical or cognitive factors related to falls. Two studies reported significant 

improvements in normal (p = 0.037) and maximal (p = 0.02) walking speeds after a 

6-month multicomponent exercise program [81, 83]. The same exercise regimen, 

however, resulted in no significant improvement in balance as measured by one-

legged standing (p = 0.35) [83]. 

 

The effects of physical exercise on cognitive factors were mixed. Significant 

improvements in global cognitive function were found with multicomponent exercise 

(p = 0.04) [84, 85], and functional tasks exercise (p < 0.001) [82]. However, the 

effects of physical exercise on memory and executive function in older persons with 

MCI were inconsistent. Immediate recall memory was significantly improved with 

multicomponent and functional task exercises [82, 84, 85],
 
but not with high-

intensity aerobic exercise [80],
 
while delayed recall memory was only significantly 

improved with functional task exercise [82]. 
 
Executive function was significantly 

improved with functional tasks exercise (p < 0.001) [82], and aerobic exercise (with 

more pronounced effect in women) [80],
  
 but not multicomponent exercise (p = 

0.13) [85]. 
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2.4.5 Effectiveness of cognitive training 

 

Eight studies [86-93] evaluated the efficacy of cognitive training. Overall, 

cognitive training has failed to achieve a significant improvement in global cognitive 

function, as measured by auditory speed and accuracy (p = 0.28) [86], self-reported 

cognitive failures (p = 0.50) [87] and cognitive function scores (p = 0.28) [92]. 

 

All individual-based computerized cognitive training strategies did not 

improve memory significantly after the intervention period [86-89]. The effect of 

group-based cognitive training on memory, however, was uncertain: two studies [90, 

91]
 
reported positive effect, whereas two other studies [92, 93]

 
reported no effect of 

cognitive training on memory scores.  

 

Six studies [86-89, 91, 92] examined cognitive training on executive function 

between intervention and control groups, all but one [91] reported significant 

improvement after treatment. 

 

 

2.4.6 Effectiveness of combined exercise and cognitive training 

 

Three studies [94-96]
 
investigated the effect of combined exercise and 

cognitive training, of which only one
 
[95] evaluated its effectiveness in improving 

the physical aspect. The study found significant improvement in the balance after 1-

year of mind-body exercise (Tai Chi), compared to the control group (stretching and 

toning exercise) [95].  
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In terms of cognitive functions, the findings were mixed. One study found 

both intervention and control groups showed significant improvements in global 

cognitive function [95]. Another study demonstrated integrated physical-cognitive 

exercise had significant improvement in global cognitive function over other 

interventions (physical or cognitive exercise, social activity) [94]. The third study 

reported that combined cognitive and high intensity progressive resistive training 

(PRT) performed significantly worse compared with PRT alone (as well as no 

different to the control group) on global cognitive and executive functions [96]. 

 

Overall, combined physical-cognitive exercise significantly improved 

memory, whether reported subjectively (e. g. memory complaints) and/or measured 

objectively (e.g. memory recall) [94-96]. Both the subjective and objective measures 

of memory showed significant improvements in the Tai Chi and control groups [95].  

The integrated cognitive-physical group had a significantly superior benefit (p < 

0.001) in delayed recall memory compared with the other intervention groups [94]. 

All groups showed a significant decrease (p < 0.001) in subjective memory 

complaints with time [94]. Improvement in memory using combined cognitive 

training and high-intensity PRT was similarly observed in cognitive training or PRT 

alone [96]. 
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2.4.7 Study quality and risk of bias 

 

Table 5 shows the detailed scoring of the 17 articles included in this review. 

The methodological quality of the included articles is considered high with a mode of 

8 and a mean score of 7.82/10, the range of 7-10. The criterion least satisfied across 

the studies, with 13 “no” responses, was “blinding of the participants to treatment 

allocation” (item #2). Because of this, there is potential for high risk of performance 

bias in 76% of studies, and low risk in the remaining 24% of studies. Next was the 

fourth criterion, which was the inclusion of the results of all participants in the 

analysis. In 41% of included studies, the risk for attrition bias is assessed to be low in 

that seven studies [82, 85, 86, 90, 92-94]
 
 reported performing intention-to-treat 

analysis (item#4). The risk is considered high in 59% of studies. Selection bias was 

assessed to be low in 76% of included studies as 13 studies [81-84, 86-90, 92, 93, 95, 

96]
  
were able to conduct concealed allocation (item#3). Selection bias is also 

minimized by random group allocation. Three articles [81, 85, 90]
 
were not given 

point on this criterion (item #1) even if it was stated that the study design is RCT. 

This could be due to the lack of proper reporting of randomization procedure, and 

therefore, these articles were still included in this review.  
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Table 5 

Critical appraisal results and risk of bias  of the 17 included studies in the systematic review 

   

 Critical Appraisal Items 

Total  

(0-10) 

Risk of Bias 

1 
Random 

Assignment 

2 
Blinding to 

Allocations 

3 
Concealed 

Allocation 

4 
Intention-to-

Treat 

5 
Blinding of 

Assessor 

6 
Group 

Baseline 

Comparability 

7 
Identical 

Treatment of 

Groups 

8 
Consistency in 

Measurement 

of Outcomes 

9 
Reliable 

Measurement 

of Outcomes 

10 
Appropriate 

Statistical 

Analysis 

Performa

nce bias 

Attrition 

bias 

Selection 

bias 

(Concealed 

allocation) 

 

Physical Exercise 

   

  Baker et al. 2010[80] 1 0 0 0 1 1 1 1 1 1 7 high high high 

  Doi et al. 2013[81] 0 0 1 0 1 1 1 1 1 1 7 high high low 

  Makizako et al. 2012[83] 1 0 1 0 1 1 1 1 1 1 8 high high low 

  Suzuki et al. 2013[84] 1 0 1 0 1 1 1 1 1 1 8 high high low 

  Suzuki et al. 2012[85] 0 0 0 1 1 1 1 1 1 1 7 high low high 

  Law et al. 2014[57] 1 0 1 1 1 1 1 0 1 1 8 high low low 

 

Cognitive Training 

   

  Barnes et al. 2009[86] 1 1 1 1 1 1 1 1 1 1 10 low low low 

  Finn & MacDonald 2011[88] 1 0 1 0 1 1 1 1 1 1 8 high high low 

  Finn & MacDonald 2015[87] 1 1 1 0 0 1 1 1 1 1 8 low high low 

  Hampstead et al. 2012[89] 1 1 1 0 0 1 1 1 1 1 8 low high low 

  Kinsella et al. 2009[90] 0 0 1 1 1 1 1 1 1 1 8 high low low 

  Schmitter-Edgecomb & 

Dyck 2014[91] 

1 0 0 0 1 1 1 1 1 1 7 high high high 

  Troyer et al. 2008[93] 1 0 1 1 0 0 1 1 1 1 7 high low low 

  Vidovich et al. 2015[92] 1 0 1 1 1 0 1 1 1 1 8 high low low 

 

Combined Interventions 

   

  Lam et al. 2011[95] 1 0 1 0 1 0 1 1 1 1 7 high high low 

  Lam et al. 2015[94] 1 0 0 1 1 1 1 1 1 1 8 high low high 

  Fiatarone Singh et al. 

2014[96] 

1 1 1 0 1 1 1 1 1 1 9 low high low 

Overall Total Yes 14 (82%) 4 (24%) 13 (76%) 7 (41%) 14 (82%) 14 (82%) 17 (100%) 16 (94%) 17 (100%) 17 (100%)  
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2.5 Discussion  

 

As of the time of writing, this is the first review to specifically evaluate the 

effect of physical exercise and cognitive training on factors that are known to be 

associated with falls in older adults with MCI only. The most recent reviews and 

meta-analyses were done on falls prevention and effects of exercise on cognition in 

older people with cognitive impairment due to dementia and Alzheimer’s disease [17, 

39, 41] and not with MCI.  

 

Older people with MCI are still independent in their basic ADLs
5
 and 

therefore are likely community-dwelling, who can still live alone without external 

assistance as compared to those with dementia who may need to be institutionalized 

or cared for at home due to severe cognitive deficits [3]. As a prodromal stage of 

dementia, knowing the evidence for the effectiveness of interventions such as 

exercise and cognitive training on falls and factors associated with falls in older 

adults with MCI may provide proactive strategies in preventing falls incidence and 

cognitive deterioration including conversion to dementia. This systematic review 

found that 1) physical exercise improved fall-related factors such as walking speed 

and global cognitive function in MCI, 2) cognitive training alone did not improve 

cognitive outcomes in MCI, and 3) combined interventions improved balance in MCI. 

The impact of physical exercise and cognitive training on physical and cognitive fall-

related factors are discussed further in the succeeding sections. 
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2.5.1 Intervention impact on balance, lower limb muscle strength, and gait 

 

Tai Chi, a mind-body exercise, resulted in a significant improvement in 

balance among older adults with MCI [95]. This is an important finding because 

older people with MCI are reported to have a poorer ability to control balance than 

healthy counterparts [73], and MCI with poor balance control predicts falls over 12 

months [74]. Tai Chi, therefore, is recommended for older adults with MCI to 

increase their balance control and prevent falls occurrence. 

 

Exercise has been shown to improve lower limb muscle strength in older 

adults in general in relation to falls reduction [77]. However, none of the included 

studies had lower extremity muscle strength as an outcome measure so the effect of 

exercise on lower limb muscle strength cannot be ascertained by this systematic 

review. Future studies should include assessment and treatment of the lower limb 

muscle strength in older adults with MCI as this is an important factor in maintaining 

balance and preventing falls [71]. Exercise programmes and parameters may need to 

be carefully designed to take into consideration the slight deficit in cognitive 

function such as amnesia, in MCI. 

 

Multicomponent exercise resulted in significant improvement in walking 

speed for older adults with MCI [81]. As slower gait is evident with and related to 

MCI [30, 72, 97] and reduced speed is associated with increased risk of falling [30], 

exercise that is directed at improving the walking speed is recommended for older 

adults with MCI for falls prevention.  
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2.5.2 Intervention impact on global cognitive function, memory and executive 

function 

 

Our findings show that global cognitive function of older adults with MCI 

was significantly improved with physical exercises such as multicomponent exercise 

[84, 85] and functional tasks exercise [82]. This is contrary to the findings in a 

previous meta-analysis [98], wherein limited evidence was reported for exercise to 

improve the cognitive function of individuals with MCI. However, it was reported 

that the study quality of the 14 RCTs included in that meta-analysis was moderate 

and the trials had very small sample sizes or low power [98].  

 

Cognitive training was not associated with a significant improvement in 

global cognitive function and memory [86-88, 92]. The amount, frequency, and 

intensity of training may not be adequate to bring about a measurable increase in 

these two outcomes. Addressing cognitive decline is important because it is 

associated with recurrence of falls [99]. It is considered a stand-alone risk factor for 

falling [32] and may be indicative of more advanced aging of the brain [99]. Future 

cognitive training programmes for older persons with MCI may need to be carefully 

designed to improve their global cognitive function and memory as training 

parameters for those with normal cognition and for those with dementia may not be 

applicable to this specific population. 

 

The effect of combined exercise and cognitive training on global cognitive 

and executive functions is inconclusive [94-96] Integrating the two interventions did 

not offer better outcomes relative to the control or other comparison groups. It was 
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even reported that cognitive training significantly diminished the benefits gained 

from PRT [96]. The PRT program was already set at a high intensity, and the 

addition of cognitive training may have caused too much stress to the participants, 

and that resulted in diminished cognitive outcomes [96]. This should be taken into 

account when designing interventions that combine exercise and cognitive training. 

 

For memory to be improved, exercise must be linked to a simulated function 

and not just consist of bodily movements [82]. Older adults with MCI demonstrate 

difficulties in performing complex ADL compared to their cognitively intact peers 

[97]. Physical exercise should then be designed so that memory is enhanced, and at 

the same time performance of more complex ADL and function are improved. 

Combining exercise with cognitive training was not proven to be advantageous over 

the other comparison or control groups [94-96]. Improvements in both subjective and 

objective measures of memory in all groups of participants were reported, and these 

may be due to actual improvements in memory ability, the development of self-

efficacy, or the learning effect [95]. 

 

Furthermore, our findings showed aerobic exercise and functional tasks 

exercises used in standalone protocols have a significant positive effect [80, 82], but 

not multicomponent exercise [85], in executive function. This could be due to the 

increased complexity of incorporating many different types of exercises in one 

session. Complicated exercises should be avoided in older adults with poor executive 

functioning as this predisposes them to falls and increases their risk of falls three-

fold [26].
 
Our results showed cognitive training did not improve executive function 
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[86-89, 92], of which the amount, type, and intensity of training may not have been 

sufficient to induce a positive change. 

  

 

2.6 Study Limitations 

 

Although the findings of this review were derived from 17 studies with high 

critical appraisal scores, the recommendations must be interpreted with caution when 

it comes to falls reduction in older adults with MCI because only indirect measures 

or factors associated with falls were reported. None of the included RCTs reported 

the direct effect of interventions on falls rate or incidence, and the number of fallers. 

This is a limitation of the currently available literature and should be considered in 

the conduct of future studies in MCI. The heterogeneity of outcome measures and 

interventions used in the studies preclude statistical pooling of quantitative data. The 

use of outcome measures in reporting changes in balance, gait and cognitive function 

in MCI may need to be standardized to have a more consistent way of reporting and 

comparing results. The literature search was limited to English publications only. As 

there are a growing number of publications and research studies on MCI around the 

world, language restriction may have resulted in the exclusion of relevant articles. 

 

 

2.7 Conclusions 

 

In conclusion, there is strong evidence to suggest that exercise as an 

independent intervention improves gait speed and global cognitive function in older 
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adults with MCI, both of which are known factors associated with falls. There is 

equivocal evidence on the effect of exercise on memory and executive function in 

this target population. Cognitive training alone did not seem to improve outcomes 

measures on global cognitive function, memory, and executive function in MCI.  

 

Although there is inconclusive evidence for the use of combined 

interventions to modify global cognitive function and executive function, and no 

evidence that it can improve memory in this specific population, incorporating both 

exercise and cognitive training in the management plan, may reduce falls occurrence 

by improving balance in older adults with MCI. 

 

It seems that function-related interventions, whether exercise, cognitive 

training or a combination of both and outcome measures that are performance-based 

and relevant to daily activities result in more favorable outcomes in older adults with 

MCI. 

 

Further research on the direct effect of physical exercise and cognitive 

training on fall rate or incidence and number of fallers in older adults with MCI with 

larger sample sizes, standardized outcome measures and longer follow-ups are 

recommended. The appropriate type, amount, and intensity of interventions must also 

be established, and specifically designed for this challenging population of older 

adults. 
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3.1 Fall-related physiological and physical risk factors of community-

dwelling older adults with and without mild cognitive impairment: A 

cross-sectional study 

 

 

3.1.1    Abstract 

 

Background: Mild cognitive impairment (MCI) is considered a predictor for falls 

among older adults. However, a more comprehensive understanding of fall-related 

physiological and physical factors in older adults with and without MCI is sparse. 

 

Objective: To compare the physiological and physical risks of falling in community-

dwelling older persons with and without MCI. 

 

Methods: This cross-sectional study recruited older adults, at least 60 years old, 

from Manila, Philippines. They underwent a battery of tests including Physiological 

Profile Assessment (PPA) to examine physiological fall risk, Timed-Up and Go Test 

(TUGT) to assess dynamic balance and functional mobility, and 10-Meter Walk Test 

(10MWT) to measure gait speed. 

 

Results: A total of 230 community-living older persons (76.5% women) with a mean 

age of 69.8 ± 6.8 years (range: 60-95) were recruited. Those with MCI have 

significantly higher composite PPA scores (p <.001, 95% CI [-1.569, -.736]) 

compared to those without MCI which means higher risk for falling. With age as a 

confounding factor, no significant difference in TUGT scores was noted (p = .345). 
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There is no significant difference between the two groups in terms of preferred gait 

speed (p = .190) and fastest gait speed (p = .138) in 10MWT. 

 

Conclusion: Older adults with MCI are at higher risk of falls compared to those 

without based on physiological profile. Future research on the effect of interventions 

addressing both the cognitive decline and also the physical and physiological risks of 

falls associated with MCI in older adults is warranted. 

 

Keywords: mild cognitive impairment, older adults, risk of falls 
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3.1.2    Introduction 

 

 Falling in old age is a serious problem that could have grave consequences 

such as non-fatal or fatal physical injuries, bothersome psychosocial problems and 

substantial economic costs to the family and community [62, 63]. Mild cognitive 

impairment (MCI) is reported to be a predictor and also a risk factor for falls among 

community-dwelling older adults [29, 30, 100]. It is the intermediate state of 

cognitive function between the typical decline due to aging and the deterioration due 

to dementia [6, 101].   

 

 In addition to the decreased cognitive faculty, a decline in physical and 

physiological functions also increases the risk of falling in older adults [102]. 

Reduced physical function (such as impaired standing balance and slower walking 

speed) [103, 104] and decreased physiological function (such as low vision, 

diminished proprioception, compromised muscle force generation, longer reaction 

time, and greater postural sway) [102, 105] are known to predispose older persons to 

falling. 

 

 While senescence in bodily functions is expected, having MCI and decreased 

physical and physiological functions at the same time is not part of the normal aging 

process [106]. The knowledge on the cumulative effect to fall risk of the 

concomitance of these diminished abilities in old age is somewhat sparse and needs 

additional investigation [10, 26, 50, 102]. A more comprehensive understanding of 

the coexistence of physical and physiological deterioration in older persons with MCI 

will be useful in formulating a more appropriate pro-active fall prevention program 
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for this challenging population of older adults. Therefore, this study was conducted to 

compare the physical and physiological risks of falling in community-living older 

persons with and without MCI. We hypothesized that the fall-related physical and 

physiological functions are inferior for older adults with MCI compared to those 

without MCI. 

 

 

 

3.1.3    Methods 

 

 

3.1.3.1    Design and participants    

 

This study utilized a cross-sectional design. The principles of the Declaration 

of Helsinki 2013 and Good Clinical Practice Guidelines were complied with. The 

Ethics Review Committees of the Hong Kong Polytechnic University – Department 

of Rehabilitation Sciences and of the University of Santo Tomas – College of 

Rehabilitation Sciences approved this study. 

 

Participants were recruited from five urban communities in the city of Manila 

in coordination with the Office for Senior Citizens Affairs (OSCA). They were 

included in the current study if they were at least 60 years old, living in Manila for at 

least one year,  were independent in basic activities of daily living, able to walk 

independently with or without assistive and voluntarily gave written consent.  The 

Expanded Senior Citizens Act of 2010 (Republic Act 9994) defines a senior 
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citizen or elderly as any resident citizen of the Philippines who are at least sixty (60) 

years old [107]. To minimize potential confounders and modifiers, those residing in 

institutions for older persons, those with diagnosis of dementia, Alzheimer’s disease, 

or any major medical conditions, those with severe hearing and/or visual impairment, 

those who were taking sedatives, antidepressants, diuretics, and anti-epilepsy that 

could affect their cognitive function were excluded from this study. Preliminary 

assessment using interview and a battery of cognitive and physical performance tests 

were performed to determine their eligibility. Participants were recruited from 

November 2016 to August 2017.  

 

The sample size was computed using Open Epi.
 
Using the lower margin of 

MCI mean global prevalence rate which is 14% [9], a confidence level of 95% and a 

confidence limit of 5%, the calculated sample size was 185. 

 

  

3.1.3.2    Exposure: Mild cognitive impairment 

 

The diagnosis of MCI was based on published criteria [3, 6], which include: 1) 

cognitive function is considered not normal nor demented based on Montreal 

Cognitive Assessment (MoCA) score of < 26 [108]; 2) subjective report of the 

individual and/or closest kin on declining cognitive function compared to five years 

ago [29] on objective cognitive tasks; and 3) ability to perform basic daily activities 

independently but may have slight impairment in complex instrumental activities 

based on Katz Activities of Daily Living Scale and Lawton Instrumental Activities of 
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Daily Living  Scale [109]. The participants were assessed by a doctor, a neuro-

psychiatrist, who gave the final diagnosis of MCI.  

 

 

3.1.3.3    Outcomes: Physiological and physical risks for falls  

 

The outcomes of interest pertained to fall-related risks based on physiological 

profile and physical factors. A battery of tests was conducted such as Physiological 

Profile Assessment (PPA) to examine physiological fall risk of the participants, 

Timed-Up and Go Test (TUGT) to assess dynamic balance and functional mobility, 

and 10-Meter Walk Test (10MWT) to measure walking speed.  

 

The PPA measures physiological function through the conduct of five 

subtests namely: 1) visual contrast sensitivity, 2) knee proprioception, 3) lower limb 

muscle strength, 4) hand reaction time and 5) postural sway [105]. It is valid and 

reliable in differentiating persons who are at risk for falls from those who are not at 

risk for falls [110].  

 

TUGT is a simple and reliable test for balance and functional mobility in 

older adults [70]. It is done by recording the time in seconds it takes an individual to 

rise from a chair, walk at a 3-meter distance, turn around, walk back and sit down on 

the chair.  

 

The 10MWT is a valid and reliable measure of walking speed in older 

persons [111]. It is computed by dividing the distance covered in meters by the 
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duration in seconds it takes the participant to walk that distance. The participants 

walked the distance three times at their preferred pace and three times also at their 

fastest pace [111]. The mean of each mode was then recorded. 

 

To control for experimenter bias, the trained assessors who conducted the 

tests were not aware of the cognitive level and the diagnosis of MCI of the 

participants. To minimize sequence effect, the tests were conducted in no particular 

order. After completing the tests, another research personnel double-checked the 

record sheet of each participant to ensure that all subtests were fully performed to 

avoid any missing data. 

 

 

3.1.3.4     Statistical Analyses  

 

Collected data were encoded in MS Excel 2010, and evaluated using SPSS 

version 23 for Windows. Descriptive statistics were used to summarize the 

characteristics of the participants. Differences in participant characteristics and 

outcome scores on physiological and physical fall-related factors between those with 

and without MCI were compared using independent samples t-test and chi-square for 

continuous and categorical variables, respectively. A p-value of .05 was the threshold 

used for statistical significance. 
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3.1.4 Results 

 

3.1.4.1    Participant characteristics 

 

Of the 300 older adults screened for our study, 39 did not consent to participate, 

21 had medical co-morbidities, seven were younger than 60 years, one was 

wheelchair-borne, one was taking sedatives and one was living in Manila less than 

12 months. A total of 230 older persons were eligible and consented to participate. 

The characteristics of the participants are presented in Table 11. The mean age was 

69.8 ± 6.8 years (range of 60 - 95). One hundred seventy-six or 76.5% were women, 

and 226 (98.3%) live with a companion. One hundred twenty-four or 53.9% were 

retired, 41 (17.8%) were still working and 65 (28.3%) did not work. The average 

length of education in years was 9.9 ± 3.5.  Incidentally, a high percentage of the 

participants (81.7%) were diagnosed with having MCI. Among them, 143 (76.1%) 

were of the amnestic type and 45 (23.9%) were of the non-amnestic type. 

 

 

3.1.4.2    Physiological and physical risks of falling 

 

Older persons with MCI in this study were significantly older in age (p < .001), 

lesser in terms of education years (p < .001), and lower in MoCA scores (p < .001). 

There was a statistically significant difference (p <.001, 95% CI [-1.569, -.736]) in 

the mean PPA score between the two groups. The mean PPA score of those with 

MCI is 3.4 +1.7, which is higher compared to those without MCI at 2.2 +1.1. Those 

with MCI also demonstrated statistically significant (p = .001, 95% CI [-2.644, -.707]) 
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slower performance in TUGT, finishing the procedure with an average of 11.9 +5.1 

seconds, compared to those without MCI at 10.2 +2.1 seconds.  

 

Considering age as a confounding factor in the performance of physical tests, 

further analysis revealed that those with MCI still had statistically significant lower 

PPA scores (p = .002) but had no significant difference in TUGT scores (p = .345) 

compared to those without MCI.  

 

In terms of performance in the 10MWT, however, there was no statistically 

significant difference between the two groups both in the preferred walking speed (p 

= .190, 95% CI [-.028, .138]) and the fastest walking speed (p = .138, 95% CI [-

.028, .195]). All the other personal variables such as civil status, employment status, 

lifestyle, and BMI were similar in both groups. 
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Table 6 

Characteristics of the cross-sectional study participants 

Variable 
Total Sample 

(N=230) 

Without MCI 

(n=42, 18.3%) 

With MCI 

(n=188, 81.7%) 
p Effect size 

Sex (female), n (%) 176 (76.5) 29 (69.0) 147 (78.2) .206
b
 .060 

Age (yr), x̅ (SD) 69.8 (6.8) 66.7 (5.1) 70.5 (7.0) <.001
c
 .614 

     60-69, n (%) 132 (57.4) 33 (78.6) 99 (52.7) .002
b
 .008 

     70-79, n (%) 73 (31.7) 8 (19.0) 65 (34.6) .051
b
 .053 

     >79, n (%) 25 (10.9) 1(2.4) 24 (12.7) .051
b
 .090 

Education (yr), x̅ (SD) 9.9 (3.5) 11.6 (3.0) 9.5 (3.6) <.001
c
 .646 

     ≤12, n (%) 181 (78.7) 25 (59.5) 156 (83.0) .001
b
 .005 

     >12, n (%) 49 (21.3) 17 (40.5) 32 (17.0) .001
b
 .009 

MoCA, median (IQR) 20 (7) 25 (2) 18 (6) <.001
c
 2.18 

Civil Status, n (%)  

     Married 81 (35.2) 15 (35.7) 66 (35.1) .941
b
 .217 

     Widowed 111 (48.3) 19 (45.2) 92 (48.9) .665
b
 .155 

     Single 25 (10.9) 6 (14.3) 19 (10.1) .431
b
 .265 

     Separated 13 (5.6) 2 (4.8) 11 (5.9) .782
b
 .506 

Employment status, n (%)  

     Retired 124 (53.9) 21 (50.0) 103 (54.8) .574
b
 .136 

     Working 41(17.8) 9 (21.4) 32 (17.0) .500
b
 .222 

     Did not work 65 (28.3) 12 (28.6) 53 (28.2) .961
b
 .245 

Living situation, n (%)  

     Lives alone 4 (1.7) 1 (2.4) 3 (1.6) .725
b
 .113 

     Lives with companion 226 (98.3) 41 (97.6) 185 (98.4)   

Use of assistive device, n (%)      

     None 216 (93.9) 39 (92.9) 177 (94.1) .752
b
 .115 

     Cane 13 (5.7) 3 (7.1) 10 (5.3)   

     Walker 1 (0.4) - 1 (0.5)   

Lifestyle, n (%)  

     Smoker 25 (10.9) 3 (7.1) 22 (11.7) .613
b
 .317 

     Alcoholic-drinker 43 (18.7) 9 (21.4) 34 (18.1) .794
b
 .274 

Body mass index (kg/m
2
), x̅ (SD) 23.0 (5.3) 23.2 (4.6) 22.7 (5.9) .605

c
 .095 

History of falls, n (%) 65 (28.3) 14 (33.3) 51 (27.1) .599
b
 .102 

     Non-faller 165 (71.7) 28 (66.7) 137 (72.9) .419
b
 .101 

     Single faller 34 (14.8) 9 (21.4) 25 (13.3) .180
b
 .146 

     Recurrent faller (>2) 31 (13.5) 5 (11.9) 26 (13.8) .741
b
 .313 

PPA, x̅ (SD) 3.1 (1.6) 2.2 (1.1) 3.4 (1.7) <.001
c
 .813 

     Very low risk, n (%) 1 (0.4) 1 (2.4) 0 (0) .034
b
 .375 

     Low risk 1 (0.4) 1 (2.4) 0 (0) .003
b
 .110 

     Mild risk 14 (6.1) 4 (9.5) 10 (5.3) .303
b
 .298 

     Moderate risk 44 (19.1) 10 (23.8) 34 (18.1) .394
b
 .190 

     Marked risk 61 (26.5) 15 (35.7) 46 (24.5) .116
b
 .087 

     Very marked risk 109 (47.4) 11 (26.2) 98 (52.1) .002
b
 .009 

TUGT (s), x̅ (SD) 11.6 (4.7) 10.2 (2.1) 11.9 (5.1) .001
c
 .430 

10MWT (s), x̅ (SD)  

     Preferred speed 1.0 (0.2) 1.1 (0.3) 1.0 (0.2) .190
c
 <.001 

     Fastest speed 1.3 (0.3) 1.4 (0.4) 1.3 (0.3) .138
c
 .246 

a
10MWT, 10-Meter Walk Test; MCI, Mild Cognitive Impairment; MoCA, Montreal Cognitive 

Assessment; PPA, Physiological Profile Assessment; SD, Standard Deviation; TUGT, Timed Up and Go 

Test;  x̅, mean; s, second.
 

b
Chi-square test 

c
Independent t-test 
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3.1.5 Discussion 

 

The current study found that community-dwelling older adults with and 

without MCI had significantly different physiological profiles and dynamic balance 

but comparable walking speeds.  

 

The prevalence of MCI in the current study is 81.7%. This is relatively high 

compared to the global estimated range of 5.0 – 36.7% [109]. This high rate of MCI 

could be due to the low mean education in years of the participants of only 9.9 ± 3.5. 

Those with MCI have statistically significantly lower (p < .001) education years of 

9.5 ± 3.6, compared to those without MCI with 11.6 ± 3.6 years. It was reported that 

not finishing a secondary education or high school is a factor for having MCI [109, 

112]. Amnestic-MCI is more common than the non-amnestic type in the current 

study which was similarly reported in other studies [1, 113]. Non-random 

consecutive sampling of the study participants may have resulted in a biased sample 

resulting in a higher number of older persons with MCI. 

 

In this study, participants with MCI demonstrated statistically significant 

higher composite PPA score (p < .001) compared to those without MCI, even after 

controlling for age as a confounding factor ( p = .002). Higher scores in PPA indicate 

a higher risk of falling [105]. This is consistent with other previous studies [27, 28]. 

One cross-sectional study reported that older adults with MCI had elevated PPA 

scores and larger postural sway compared to those without MCI [27]. A prospective 

study determined that older persons with cognitive impairment have higher 
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physiological fall risk due to poorer performance in the PPA compared to age-

matched cognitively intact peers [28]. The higher risk of falls could be due to 

abnormal changes in the structure and function of the brain in persons with MCI [27]. 

 

This study also found that older persons with MCI are slower with statistical 

significance in performing TUGT (p = .001) in comparison with their counterparts 

with no cognitive impairment. However, considering age as a covariate, we found 

that performance in TUGT is not significantly different between older adults with 

MCI and older adults without MCI. An age-related decline in TUGT is an expected 

trend in the aging population [114]. One normative study [115] found that 

performance of TUGT is longer in MCI in association with older age and female 

gender. A cross-sectional study concluded that MCI was significantly associated with 

impaired performance of the TUGT subtasks including lesser walking consistency, 

smaller pitch range during transitions, lower angular velocity during turning, and 

increased time to complete the turn-to-walk phase [116].  

 

Some other studies employed other measures on balance such as BESTest [66] 

 and posturography [117]  with similar findings that balance is indeed impaired in 

MCI. Balance dyscontrol, particularly mediolateral balance [117], is believed to be 

affected by impaired executive function [66]. 

 

Based on the collected data, there was no statistically significant difference in 

walking speed, both in the normal pace (p = .190) and fast pace (p = .138), between 

those with and without MCI. This is in contrast with previous studies reporting that 

MCI and slow gait are associated [30, 118] and at the same time, correlated with 
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falling [30]. Furthermore, the relation differs depending on the walking condition, 

whether done normally or with dual-tasking [118]. In the current study, the 

participants were just instructed to walk with no cognitive tasks. Perhaps those with 

MCI would show a slower speed in walking when performed dual-tasking.  

 

 The interplay and combined presence of MCI, reduced physiological 

functions in older community-dwelling older adults signifies a greater risk of falling 

and should then be considered in designing more appropriate falls preventive 

measures, exercises and interventions for older adults with MCI [28, 66, 76]. Based 

on our findings, we recommend that fall prevention programmes should include 

cognitive training to address the cognitive decline in MCI, and also training to 

improve dynamic balance, functional mobility and physiological profile of the 

community-dwelling older adults. 

 

This study has several limitations. This study used a cross-sectional design 

and focused on the association of fall-related factors to MCI among older adults 

living in the community as such, causation cannot be inferred. Causality may need to 

be investigated prospectively. Data were obtained from relatively healthy older adults 

living in an urban city. Caution should be exercised in interpreting the findings to 

frail older adults with multi-morbidity and to those living in rural areas or specialized 

institutions. There could also be a gender bias in the findings as 76.5% of the 

participants were women.  
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3.1.7 Conclusions  

 

In conclusion, we found that those with MCI have a higher risk of falling 

compared to those without MCI because of poorer physiological profile. Considering 

age as a confounding factor, no significant difference in terms of dynamic balance 

and gait speed were observed between those with and those without MCI. 

Considering the concomitant presence of physiological risk for falls in older adults 

with MCI independent of their age, we recommended that an intervention study be 

conducted to determine if combined physical exercise and cognitive training will be 

more effective compared when physical and cognitive interventions are singly 

implemented in addressing the cognitive, physical and physiological risks of falling 

in older adults with MCI.  
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3.2  Cross-cultural adaptation and psychometric properties of the Falls  

Efficacy Scale - International in Filipino community-dwelling older 

adults 

 

 

3.2.1 Abstract 

 

Purpose: The Falls Efficacy Scale – International is universally used in assessing the 

level of concern about falling in older adults. The objectives of this study were to 

conduct a cross-cultural adaptation and to establish psychometric properties of the 

Falls Efficacy Scale – International in Filipino.  

 

Methods: The standardized 10-step translation protocol of the Prevention of Falls 

Network Europe was followed. Community-dwelling older adults aged 60 or above 

(N = 211) from Manila, Philippines were recruited. The internal consistency and test-

retest reliability of the translated tool was assessed. Convergent validity was 

compared with fall-related factors. The Receiver Operating Characteristics was used 

to determine the cut-off score.  

 

Results: Falls Efficacy Scale – International in Filipino has high internal consistency 

(α = .91) and good test-retest reliability (intraclass correlation coefficient = 0.86). 

Overall scores were significantly higher among those with a subjective report of fear 

of falling (p < 0.001), lower Timed Up and Go Test scores (p = 0.014), slower gait 

speed (p = 0.003) and lower perceived well-being scores (p = 0.003) indicating 
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acceptable convergent validity. The cut-off score of Falls Efficacy Scale – 

International in Filipino was 22 points.  

 

Conclusions: Falls Efficacy Scale – International in Filipino has high internal 

reliability and acceptable validity, and can be a practical tool to measure the concern 

about falling in Filipino older adults. Future research is necessary to establish its 

utilization as an outcome measure in intervention studies. 

 

Keywords:  fear of falling, FES-I, Filipino, older adults, community-dwelling, 

translation 
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3.2.2 Background  

 

Fear of falling (FOF) is the constant concern about incurring a fall when 

doing tasks [119]. With FOF, particularly in the geriatric population, there is reduced 

confidence in maintaining balance with ADLs [120]. This is experienced by those 

who had a history of falls at 60% prevalence and also by those without at 30% 

prevalence [119]. 

 

FOF is considered a specific health problem in older adults [119, 121]. It is 

associated with poor physical function and being inactive in occupations [122]. 

Falling can be a predictor or a consequence of FOF among older persons living either 

in the community or in nursing homes [121]. This means that those who experienced 

falling develop a concern about falling, and those who are concerned about falling 

are at risk of falling. FOF also reduces health-related quality of life in older adults, 

affecting social functions and overall mental health [123, 124].  

 

The Fall Efficacy Scale-International (FES-I), a modification of FES [125] 

developed and initially validated by the Prevention of Falls Network Europe, is 

considered as one of the most commonly used scales to measure FOF [126]. The 

original FES is composed of 10 items on basic daily living activities, while FES-I is 

a 16-item questionnaire containing the original items in FES with additional six 

questions on physical and social activities outside the home. FES-I assesses the level 

of ‘concern’ about falling while performing essential, relatively non-hazardous ADLs 

and participating in social aspects of living through a 4-item scale (1 = not at all 

concerned; 2 = somewhat concerned; 3 =fairly concerned; 4 = very concerned) that 
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are summated into a final score that can range from 16 (no concern about falling) to 

64 (severe concern about falling) [127]. FES-I has excellent psychometric properties 

including construct validity, internal consistency, test-retest reliability, and 

discriminatory power when used in community-dwelling older persons [127-130]. It 

has been recommended for research and clinical practice [128] and translated into 

many languages [126, 129].  

 

In the Philippines, the prevalence of falls among community-dwelling older 

persons is 23.5% [131]. However, no data is obtainable on their concern about falling. 

Currently, there is also no available Filipino version of FES-I. Cross-cultural 

adaptation of FES-I in Filipino, then, must be done not just to develop a valid and 

reliable local version of the tool for research and practical applications, but also to 

enable international and intercultural comparisons using a uniform and consistent 

measure between the Philippines and other countries.  

 

Hence, the objectives of this study were to 1) perform a cross-cultural 

adaptation of FES-I in Filipino (FES-I F), and 2) establish its psychometric 

properties in community-dwelling older adults in the Philippines. 

 

 

3.2.3 Methods 

 

This was a two-phase study with a cross-sectional design. This study was 

approved by the Ethics Review Committees of the Hong Kong Polytechnic 
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University – Department of Rehabilitation Sciences and the University of Santo 

Tomas – College of Rehabilitation Sciences.  

 

 

3.2.3.1     Participants 

 

Community-dwelling older persons, aged 60 or above, male or female, who 

are residing in Manila, Philippines for at least one year, who are ambulatory with or 

without assistive device, who are able to travel independently to the test site were 

identified and were consecutively recruited from five urban communities in Manila 

through a series of coordination with the OSCA of Manila from November 2016 to 

August 2017. Those living in institution-based facilities; with serious physical or 

psychological disease; with severe visual or hearing impairment; with MMSE Score 

of <19 [132]; who were not fluent in Filipino were excluded. Only those who gave 

their written consent were included in this study. 

 

 A total of 300 older persons were recruited. Thirty-nine did not consent to 

participate. Fifty were excluded, 18 of which had low MMSE scores 13 had serious 

medical conditions, 10 had uncontrolled hypertension, seven were younger than 60 

years, and two were not residents of Manila. The remaining 211 eligible older adults 

submitted written informed consents prior to data gathering. 
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3.2.3.2     Procedure 

 

3.2.3.2 .1    Phase 1 Cross-cultural adaptation of FES-I  

 

Permission to translate the scale to Filipino was sought from the Prevention 

of Falls Network Europe. Their 10-step translation protocol, available from 

http://www.profane.eu.org/fesi.html, was followed. After obtaining a copy of the 

original English version (Step 1) and reviewing the translator/interviewer notes (Step 

2), two translators, who are bilingual native Filipino speakers familiar with the 

concept of FOF, performed the forward translation of the tool to Filipino (Step 3). 

Their first meeting resulted in the provisional local version of the tool (Step 4). 

Thereafter, each translator selected two older persons for a try-out of the FES-I in 

written form (Step 5). Four older adults (2 males; 2 females), with a mean age of 

70.3 ± 2.2, answered the provisional local version. Then, the 16 items were discussed 

between the translator and the older persons for face validation in terms of clarity, 

cultural sensitivity, and the need to reformulate items, if necessary. Based on their 

feedback, the FES-I F items were considered as clear and easy to understand. The 

activities listed were also deemed commonly done in the Philippines. The words and 

statements need not be changed except for correcting the typographical error and 

inserting the check symbol () in the instructions. 

 

Each translator then edited their respective versions (Step 6). Another 

meeting was held to create consensus on the preliminary local version of FES-I. A 

professional translator from the company Orange Translations, Inc. performed the 

back translation to English (Step 8).  
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The translators met for the third and final consensus (Step 9) to review the 

back-translated version and to ensure that the intended meaning of the original 

version was carried out. The final local version was then produced, and a softcopy 

was sent to Prevention of Falls Network Europe (Step 10). Appendix P presents the 

Falls-Efficacy Scale-International in Filipino. 

 

 

3.2.3.2 .2    Phase 2 Psychometric properties of FES-I F 

 

The questionnaire was administered individually by trained assessors to 

eligible participants through a structured face-to-face interview. Demographic 

information and history of falls in the past 12 months were also collected.  A fall is 

defined as any instance that leads an individual to rest unintentionally on a lower 

level, on the ground or floor. The participants were also asked to rate their overall 

FOF by answering a single categorical question “How concerned are you about 

falling?” with the same response options as that in FES-I (1 = not at all concerned; 2 

= somewhat concerned; 3 =fairly concerned; 4 = very concerned) [126]. To assess 

test-retest reliability, participants were invited to answer the questionnaire again after 

two weeks to minimize recall bias and significant change in their status [133]. Only a 

total of 56 participants were able to complete test-retest reliability due to the 

unavailability of the other participants on designated assessment periods. 

 

As FOF increases risk of falling [121], the convergent validity of FES-I F was 

compared with 1) history of falling, 2) overall fall risk and 3) fall-related factors such 
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as physical activity [134], balance [135],  gait speed [135] and quality of life [136]. 

These fall-related physical, functional and psychological factors were broadly used in 

fear of falling studies for convergent validity [127, 132, 137, 138]. 

 

The overall fall risk was determined using the short-form Physiological 

Profile Assessment or PPA (Appendix Q). It is a valid, reliable and objective series 

of five subtests (on visual contrast, proprioception, knee extensor strength, hand 

reaction time, and postural sway) used to evaluate the physiological risk for falls and 

to distinguish non-fallers from fallers [105, 110]. Data obtained from the five 

subtests are to be encoded in a web-based software program that will, in turn, 

generate a score that will determine whether the individual has a high or low risk for 

falls in comparison with a normative database [105, 110]. 

 

Physical activity was assessed using the Physical Activity Scale for Elderly or 

PASE (Appendix R). It is a valid and reliable 12-item questionnaire on the frequency 

and duration of participation of older persons in leisure, household, and work-related 

activities over the past seven days [139]. The total score is computed by summing up 

the derived item weights of each activity participated in by the older person. The 

overall score ranges from totally no physical activity of 0 to 400 or more depending 

on the degree of participation of the older person. The questionnaire was 

administered face-to-face by the researchers in this study. 

 

The balance was examined using Timed Up and Go Test or TUGT, a simple 

and reliable test [140] that measures the time in seconds it takes a seated person to 
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stand, walk three meters forward, turn around, and return to the sitting position. 

Longer than 14 seconds to complete this test means high risk for falls [70]. 

 

Gait speed was determined using the 10-Meter Walk Test or 10MWT, a valid 

and reliable gait speed test [111].
 
The participant walks a distance of 10 meters 

unassisted initially at their preferred walking speed for 3 trials and then at their 

maximum walking speed also for three trials. Timing starts when the toes pass the 2-

meter mark and stops when the toes pass the 8-meter mark. This is to minimize the 

effect of acceleration at the start and the deceleration towards the end of walking. 

The average of the three trials is computed and recorded. Gait speed is the quotient 

of distance covered in meters, and the duration in seconds it takes the participant to 

walk that distance [111]. 

 

For the quality of life, the Perceived Well-Being or PWB Scale (Appendix S) 

was used. It is a brief and easy to use tool that measures the domains of 

psychological and physical well-being. It has high internal consistency and validity 

and is significantly correlated with variables that affect an individual’s well-being 

[141]. The total score will range from the lowest perceived well-being mark of 16 to 

the highest perceived well-being mark of 116. 

 

 

3.2.3.3     Statistical analysis 

 

Collected data were analyzed using SPSS version 23 (SPSS Inc., Chicago, IL, 

USA). Descriptive statistics were used to summarize participants’ characteristics. 
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Cronbach’s alpha coefficient and item-total correlations were used to assess internal 

consistency [127, 130, 132, 137, 138]. The intraclass correlation coefficient (ICC3) 

was used to assess test-retest reliability. The independent samples t-test was used to 

establish the convergent validity of FES-I F by comparing between-group differences 

in total scores based on age, gender, the risk for falling, physical activity, balance, 

gait speed and quality of life [127, 132].  

 

The structural coherence was determined using exploratory factor analysis, 

using principal component with varimax rotation, initially, then with oblique rotation 

to assess inter-correlation between factors, and finally specifying a single factor 

solution, to determine the unity of the scale [127, 132, 137]. The Receiver Operating 

Characteristics was used to determine specificity and sensitivity. The cut-off score 

was based on the response to the single categorical FOF question.  

 

 

 

3.2.4 Results 

 

 

3.2.4.1     Participant characteristics 

 

A total of 211 consented to participate in this study with a mean age of 69.4 ± 

6.7 years (60-95 years). One hundred fifty-seven (74.4%) were women, and 208 

(99.6%) live with a companion. Based on falls history, 157 (74.4%) were non-fallers, 

28 (13.3%) had a single fall, and 26 (12.3%) had at least two falls.  Based on a single 
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categorical question, 67 (31.7%) were not at all concerned about falling, 58 (27.5%) 

were somewhat concerned, 77 (36.5%) were fairly concerned, and only nine (4.3%) 

were very concerned. The overall mean FES-I F score was 25.49 ± 7.72 (16-57). 

Table 6 shows the demographic information characteristics of all participants. 

 

All quantitative data, except overall PWB score, were found to be not 

normally distributed using the Shapiro Wilk test. The mean total PWB score is 84.3 

+ 11.1. The mode and range of the MMSE score is 23 (19-30); PASE score is 134.5 

(2.2-397.9); PPA score is 2.8 (0.4-10.1); TUGT score is 10.3 (5.1-39.5); and 

preferred walking speed is 1.05 (0.8-1.6); fastest walking speed is 1.32 (0.3-2.0).  

 

 

3.2.4.2     Internal consistency and test-retest reliability 

 

FES-I F showed high internal consistency (α = .908).  Item-total correlations 

ranged from .450 to .701 (mean = .587). Single item deletions yielded Cronbach’s 

alpha ranging from .896 to .904 (mean = .900) which were close to the overall alpha 

value, signifying homogeneity of the scale. For test-retest reliability, 56 older adults 

answered the questionnaire again. The ICC was 0.863, indicating good reliability. 

Table 7 presents the per item ICC of the FES-I F. 
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Table 7  

Characteristics of the participants of the FES-I translation study (N=211) 

Characteristics n (%) 

     Gender   

          Male  54 (25.6) 

          Female  157 (74.4) 

     Age  

          60-69 126 (59.7) 

          70-79 65 (30.8) 

          ≥80 20 (9.5) 

     Civil status  

          Married 80 (37.9) 

          Widowed 97 (46.0) 

          Single 22 (10.4) 

          Separated 12 (5.7) 

     Living situation  

          Lives with companion 208 (98.6) 

          Lives alone 3 (1.4) 

     Employment status  

          Retired 116 (55.0) 

          Still working 35 (16.6) 

          Did not work 60 (28.4) 

     Use of assistive device  

          None 198 (93.8) 

          Cane 12 (5.7) 

          Walker 1 (0.5) 

     Education  

          <10 years 73 (34.6) 

          ≥10 years 138 (65.4) 

     Fall history over the past 12 months  

          None 157 (74.4) 

          1 28 (13.3) 

          ≥2 26 (12.3) 

     Concern about falling  

          Not at all 67 (31.7) 

          Somewhat concerned 58 (27.5) 

          Fairly concerned 77 (36.5) 

          Very concerned 9 (4.3) 
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Table 8 

Test-retest reliability of FES-I F (n = 56) 

 Mean    95% CI 

 
1st 2nd ICC Lower Upper 

1. Cleaning the house 1.30 1.18 0.59  0.30 0.76 

2. Getting dressed or undressed 1.20 1.07 0.63  0.34 0.77 

3. Preparing simple meals 1.09 1.05 0.54  0.22 0.73 

4. Taking a bath or shower 1.09 1.09 0.87  0.78 0.92 

5. Going to the shop 1.18 1.11 0.64  0.38 0.79 

6. Getting in or out of a chair 1.23 1.21 0.83  0.71 0.90 

7. Going up or down stairs 1.52 1.43 0.69  0.47 0.82 

8. Walking around in the neighborhood 1.21 1.14 0.82  0.70 0.90 

9. Reaching up or bending down 1.55 1.36 0.56  0.25 0.73 

10. Going to answer the telephone 1.09 1.07 0.79  0.64 0.89 

11. Walking on a slippery surface 2.27 2.11 0.59  0.30 0.76 

12. Visiting a friend or relative 1.16 1.32 0.49  0.13 0.69 

13. Walking in a place with crowds 1.54 1.39 0.66  0.42 0.80 

14. Walking on an uneven surface 2.11 2.16 0.50  0.15 0.71 

15. Walking up or down a slope 1.95 1.89 0.44  0.04 0.67 

16. Going out to a social event  1.13 1.14 0.57  0.27 0.75 

Total Score 22.61 21.79 0.86  0.76 0.92 

FES-I F, Falls Efficacy Scale International in Filipino; ICC, Intraclass Correlation Coefficient; CI, Confidence Interval 
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3.2.4.3     Convergent validity 

 

Table 8 shows the differences in mean total FES-I F scores in the various 

sub-groups. Scores were significantly higher in the following: women (p = 0.006), 

those with affirmative response to the single FOF question (p < 0.001), those who 

took longer time to complete Timed Up and Go Test (p = 0.014), those with slower 

walking speeds (p = 0.003), and those with lower PWB score (p = 0.003). Scores 

were also higher among those with lower Physical Activity Scale for the Elderly 

scores. No significant differences in scores were found based on age, between fallers 

and non-fallers and between those with high or low Physiological Profile Assessment 

scores. 

 

 

3.2.4.4     Structural coherence 

 

The exploratory factor analysis of FES-I F using principal component 

analysis (Kaiser-Meyer-Olkin Test = .891, Bartlett’s Test of Sphericity p <.001) with 

varimax rotation yielded three factors with Eigenvalues > 1 (table 9). Activities that 

provide the greatest balance demands in daily functions (e.g. walking on uneven 

surface, walking on a slope) were listed under factor 1,  basic and instrumental ADLs 

(e.g. getting dressed, preparing simple meals)  under factor 2 and activities pertaining 

to community engagement (e.g. visiting a friend or relative) were listed under factor 

3.  The items within each factor were strongly correlated ( = .765 to .880); meaning 

nothing in FES-I F needs to be removed. Using oblique rotation, the correlation of 
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factor 1 with factor 2 was .411; factor 1 with factor 3 was .356, and factor 2 with 

factor 3 was .396.  
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Table 9  

Between-group FES-I F scores (range: 16-64) and correlations with demographic factors, overall fall risk, physical activity, balance, gait speed, and 

quality of life (N = 211) 

Variable Group A N Mean ±SD Group B N Mean ±SD p r 

Demographic factors         

     Age (range = 60 – 95) < 69 110 25.31 ± 7.69  69 101 25.68 ± 7.78   0.726  0.047 

     Gender Male 54 23.02 ± 5.97 Female 157 26.34 ± 8.08   0.006  0.188 

Overall Fall Risk         

     PPA Mild -Moderate risk (<2) 60 25.75 ± 7.32 Marked risk (≥2) 151 25.38 ±7.89   0.757 -0.015 

     Fall history (past 12 months) Non-faller 157 25.38 ± 8.08 Faller 54 25.81 ± 6.60   0.719  0.006 

     Single FOF question Not/a little 125 22.79 ± 5.83 Moderate/extreme 86 29.41 ± 8.4 <0.001  0.480** 

Physical Activity         

     PASE
 
(range = 0 – 361)

 a
 < 134.5 116 26.10 ± 7.93 ≥ 134.5 95 24.74 ± 7.43   0.201 -0.142** 

Balance         

     TUGT (cutoff score =14s) < 14 181 24.81 ± 7.14 ≥ 14 30 29.60 ± 9.74   0.014  0.249** 

Gait Speed/10 MWT (m/s)         

     Preferred Speed < 1 77 27.73 ± 8.75 ≥ 1 134 24.20 ± 6.76   0.003 -0.302** 

     Fastest Speed < 1 33 30.76 ± 9.49 ≥ 1 178 24.51 ± 6.94   0.001 -0.277** 

Quality of Life (PWB)
a
         

     Psychological WB Subscale      

     (range = 26 – 56) 

< 47 104 26.61 ±8.57 ≥ 47 107 24.40 ±6.66   0.039 -0.164** 

     Physical WB Subscale 

     (range = 20 – 56) 

< 39 100 27.29 ±8.16 ≥ 39 111 23.86 ±6.94   0.001 -0.220** 
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     General Well-being  

     (range = 57 – 112) 

< 85 100 27.17 ± 8.42 ≥ 85 111 23.97 ±6.71   0.003 -0.233** 

10MWT,10-meter walk test; FES-I F, Falls Efficacy Scale International in Filipino; FOF, Fear of falling; PASE, Physical Activity Scale for the Elderly; PPA, Physiological Profile Assessment; PWB, Perceived 

Well-Being Scale; SD, Standard Deviation; TUGT, Timed Up and Go Test; WB, Well-Being 
amedian of the total sample 

**correlation is significant at the 0.01 level 
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Table 10 

Factor analysis of FES-I F 

FES-I Items 
Factor loading  Single 

factor 

solution Factor 1 Factor 2 Factor 3  

1. Cleaning the house  .32  .55  .14   .43 

2. Getting dressed or undressed  .10  .80  .02  .65 

3. Preparing simple meals -.01  .67  .33  .55 

4. Taking a bath or shower  .25  .39  .44  .41 

5. Going to the shop  .31  .60  .36  .59 

6. Getting in or out of a chair  .46  .56 -.02  .53 

7. Going up or down stairs  .64  .26  .36  .60 

8. Walking around in the 

neighborhood 
 .48  .49  .28  .55 

9. Reaching up or bending down  .69  .32  .11  .59 

10. Going to answer the telephone  .11  .65  .22  .49 

11. Walking on a slippery surface  .78  .08  .10  .62 

12. Visiting a friend or relative  .21  .11  .84  .76 

13. Walking in a place with crowds  .62  .32  .29  .56 

14. Walking on an uneven surface  .83  .10  .12  .71 

15. Walking up or down a slope  .81  .08  .21  .71 

16. Going out to a social event  .21  .27  .80  .76 

Eigenvalues 6.73 1.67 1.09  

Explained variance 42.1% 10.4% 6.8% 

Cronbach’s alpha  .88  .84  .77 

   FES-I F, Falls Efficacy Scale International in Filipino 
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3.2.4.5     Sensitivity and specificity 

 

Using the Receiver Operating Characteristics plots, the area under the curve 

for FES-I F was .805. The cut-off score was 22 points, yielding a sensitivity value of 

77.8% and specificity of 67.2%.  Figure 3 shows the Receiver Operating 

Characteristics curve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
       Figure 3 ROC curve of FES-I F 

 

 

3.2.5 Discussion 

 

 

The translation of FES-I across a range of languages allows direct 

comparison between studies in different countries [127]. We conducted this study to 

cross-culturally adapt and establish the psychometric properties FES-I into Filipino. 
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Overall, our results showed that FES-I F has high internal reliability, good test-retest 

reliability, and confirmed convergent validity with fall-related physical, functional 

and psychological factors such as the presence of fear of falling, slow walking speed, 

slow time in TUGT and lower PWB score. 

 

The mean FES-I score in this study is 25.49 ± 7.72. This is higher compared 

to Germans (20.3 ± 4.6) [130], Greeks (24.09 ± 7.93) [138], and Brazilians (23.55 ± 

7.60) [142],  and but lower compared to Dutch (28.2 ± 11.4), English (28.4 ± 12.0)  

[130], and Chinese (36 ± 12.4) [132]. 

 

Table 10 shows that the mean and median scores in the present study are 

relatively lower compared to the two previous studies [127, 132]. The highest levels 

of concern about falling were on 1) walking on a slippery surface, 2) walking on an 

uneven surface and 3) walking up or down a slope, similar to previous studies [127, 

132].
 
  

 

Cronbach’s alpha  of FES-I is .91, which indicates high internal reliability 

[133]. This is similar to the original English version ( = .96) [127], Chinese ( 

= .94) [132],  German ( = .90), Dutch ( = .96) United Kingdom ( = .97) [130], 

Brazil ( = .93) [142]. The ICC of FES-I F is .86, which indicates good test-retest 

reliability [133]. This is comparable to the original English version (ICC = .96) [127], 

Chinese (ICC = .95) [132],  German (ICC = .79), Dutch (ICC = .82) [130], and 

Brazilian (ICC = .84) [142]. 

 

 



112 

 

Table 11  

Comparison of scores of the FES-I F, the original English version, and FES-I in Chinese. 

FES-I Items Score (Mean ± SD) 
  

Score (Median) 

 

FES-I F  

(n=211) 

Original 

FES-I  

(n=704)a 

FES-I C  

(n=399)b 

FES-I 

F 

Original  

FES-I a 

FES-

I C b 

1. Cleaning the house 1.51 ± 0.77 1.67 ± 0.96 1.90 ± 1.07  1 1 1 

2. Getting dressed or undressed 1.30 ± 0.64 1.50 ± 0.81 1.92 ±1.06  1 1 2 

3. Preparing simple meals 1.20 ± 0.54 1.32 ± 0.71 1.59 ± 0.94  1 1 1 

4. Taking a bath or shower 1.27 ± 0.59 2.09 ± 1.09 2.24 ± 1.15  1 2 2 

5. Going to the shop 1.28 ± 0.61 1.83 ± 1.06 2.05 ± 1.09  1 1 2 

6. Getting in or out of a chair 1.47 ±  0.71 1.49 ± 0.79 1.92 ± 1.08  1 1 2 

7. Going up or down stairs 1.84 ± 0.87 2.06 ± 1.08 2.70 ± 1.12  2 2 3 

8. Walking around in the 

neighborhood 

1.38 ± 0.71 1.99 ± 1.07 1.89 ± 1.03  1 2 2 

9. Reaching up or bending down 1.81 ± 0.86 2.14 ± 1.11 2.28 ± 1.14  2 2 2 

10. Going to answer the telephone 1.17 ± 0.46 1.64 ± 0.96 1.75 ± 1.01  1 1 1 

11. Walking on a slippery surface 2.40 ± 0.94 3.06 ± 1.00 3.13 ± 0.95  2 3 3 

12. Visiting a friend or relative 1.31 ± 0.64 1.62 ± 0.95 1.91 ± 1.03  1 1 2 

13. Walking in a place with 

crowds 

1.79 ± 0.91 2.13 ± 1.17 2.56 ± 1.17  2 2 3 

14. Walking on an uneven surface 2.28 ± 0.95 2.73 ± 1.07 3.11 ± 0.97  2 3 3 

15. Walking up or down a slope 2.23 ± 0.97 2.46 ± 1.16 2.86 ± 1.07  2 2 3 

16. Going out to a social event  1.26 ± 0.55 1.85 ± 1.06 2.05 ± 1.08  1 1 2 

Note a Yardley et al. (2005); bKwan et al. 2013. 

FES-I, Falls Efficacy Scale International; FES-I F, Falls Efficacy Scale International in Filipino; FES-I C, Falls Efficacy Scale 

International in Chinese; SD, Standard Deviation
 

 

 

Convergent validity was explored by comparing FES-I F scores with a range 

of fall-related physical, functional and psychological factors [127, 132, 137, 138]. In 

this study, higher TUGT scores, indicating possible balance impairment, were 

statistically aligned with higher FES-I F scores. This same pattern was confirmed by 

previous studies [137, 138]. Gait speed was negatively correlated with their FES-I F 

scores. A pre-existing FOF may lead to a slower-paced walking pattern to optimize 

balance [143]. Quality of life was significantly related to FOF. Obtaining a higher 
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Perceived Well-Being score correlates statistically with lower FES-I F score. This is 

comparable with previous reports [144, 145]. 

 

Although higher FES-I F scores were observed among those with lower 

PASE scores, no significant difference was found compared to those with higher 

PASE scores. This is consistent with a previous study which reported that FOF was 

not independently associated with physical activity [146]. 

 

Contrasting findings of FES-I scores were observed based on age. Several 

studies reported that total scores were significantly higher in participants aged 70 

years or older [137], or 75 or older [127]. Other studies [132, 138], including the 

current study, found no significant difference in overall scores based on age. 

 

The current study found no significant difference in FES-I F scores between 

fallers and non-fallers, similar to the Turkish FES-I translation study [137]. Previous 

studies, however, reported that older persons with a history of falls in the past 12 

months demonstrated significantly higher FES-I scores [127, 138]. On the other hand, 

based on a prospective study of falls incidence over 12 months, total FES-I scores 

were not different between those who did and did not fall [132].  

 

No significant difference in FES-I F scores was also noted between those 

with high and low Physiological Profile Assessment scores. Among the five subtests 

of Physiological Profile Assessment short form, four (visual acuity, hand reaction 

time, lower limb proprioception, knee strength) were performed in a stable sitting 

position where participants may have no concern about falling.  
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In cross-sectional study, it was highlighted that psychological and 

physiological factors have additive effects on clinical standing balance performance 

[147]. There was increased amplitude and increased frequency changes with 

increased balance challenge with a stiffening strategy [147]. This was may not have 

been evident in the current study because of the sitting position assumed by the 

participants in four out of the five tests. 

 

Factor analysis was performed in order to describe the structure within a 

number of correlated variables, in an attempt to explain the nature of their 

interrelationships using factors [133]. In the present study, three factors emerged 

(factor 1 = activities with high balance demands; factor 2 = basic and instrumental 

ADLs; factor 3 = community engagement activities). Previous studies reported only 

two factors (factor 1 = lower demanding activities; factor 2 = more challenging 

activities) and the distribution of FES-I items differ from one version to another [127, 

132, 137, 142]. These variations in factor loading can be explained by geographical 

and cultural diversity among different nations and populations [132, 137].  

 

The area under the curve indicates the probability of correctly choosing 

between those with and without the tested condition [133].  In this study, FES-I F has 

an 80.5% chance of correctly classifying an older person as having FOF which is 

higher compared to the Turkish version with 70% [137]. The cutoff score to 

demarcate those with FOF from those without FOF in the current study is 22; lower 

than the Turkish version at 24 [137]  and Brazilian translation at 23 [142].  FES-I 

scores were assessed against the subjective report of FOF based on the single 

categorical question in both the current study and Turkish versions, while in the 
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Brazilian version, it was calculated based on the history of falls. In this situation, cut-

off scores must be understood as suggested cut points and must be used with caution 

in establishing norms for FOF in different populations and settings [128]. 

  

 

3.2.6 Limitations of the study 

 

This study has several limitations. Data were obtained from relatively healthy 

older adults living in an urban city. Caution should be exercised in interpreting the 

findings to frail older adults with multi-morbidity and to those living in rural areas or 

specialized institutions. There is a possibility of recall bias among the participants 

about their falling event in the past 12 months. There could also be a gender bias in 

the findings as 74.4% of the participants were women.  The questionnaire was only 

administered via face-to-face interview and this was also done during retest so that 

procedures are consistently followed. However, this resulted in a low response rate 

during retest. Other ways of following-up participants for retest may be explored to 

increase the response rate. 

 

 

3.2.7 Conclusions 

 

In conclusion, by following the prescribed multi-stage adaptation protocol, 

the FES-I F has achieved equivalence with the original tool both in the literal and 

intentional meanings. The FES-I F was proven to have high internal reliability, good 

test-retest reliability and confirmed construct validity across physical factors related 
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to falls and FOF. FES-I F may now be utilized as a practical tool to measure FOF in 

Filipino older adults. More research is necessary to compare the results of older 

persons living in the community to those in nursing home facilities and to establish 

its value as an outcome measure in determining the effectiveness of interventions. 
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4.1 Falls prevention through physical and cognitive training (falls PACT) in  

older adults with mild cognitive impairment: A randomized controlled 

trial protocol 

 

 

4.1.1 Abstract 

 

Background: The presence of mild cognitive impairment (MCI) in older adults 

increases their fall risk. While physical exercise is effective in reducing falls rate and 

risk of falls, and cognitive training in improving cognitive functioning in healthy 

older adults, their effectiveness in preventing falls and reducing risks of falls in MCI 

when administered simultaneously is not yet established. Therefore, this study aims 

to determine the effectiveness of combined physical and cognitive training in 

preventing falls and decreasing risks of falls among community-dwelling older 

persons with MCI. 

 

Methods/design: This is a single-blind, multicentre, randomized controlled trial. At 

least ninety-three community-dwelling older adults with MCI aged 60 or above will 

be recruited. They will be randomly allocated into four groups: Physical Training 

alone (PT), Cognitive Training alone (CT), combined Physical And Cognitive 

Training (PACT) and Waitlist Group (WG). The PT group will perform exercises 

(flexibility, endurance, strengthening, and balance training) for 60-90 minutes three 

times per week for 12 weeks. The CT group will be involved in a paper-based 

training focusing on orientation, memory, attention and executive functioning for 60-

90 minutes per session, once a week for 12 weeks. The PACT group will undergo 
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cognitive training incorporated in physical exercise for 60-90 minutes three times per 

week for 12 weeks. The WG will receive the intervention, combined physical and 

cognitive training, at a later date. Assessors blinded to participant allocation will 

conduct pre-intervention, post-intervention, and 6-month follow-up assessments. The 

primary outcome measures will be falls rate. The secondary outcome measures will 

be Physiological Profile Assessment (PPA) and Falls Risk for Older Persons in the 

Community (FROP-Com), and assessments that evaluate cognitive, physical and 

psychological factors related to falls. 

 

Discussion: Considering the possible physical, social, financial and psychological 

consequences of a fall, we hope to provide insights on the effectiveness of combining 

physical and cognitive training on falls and fall-related factors for older adults with 

MCI. It is projected that the combined interventions will lead to significantly lower 

falls rate and reduced risk of falls compared to using single or no intervention.  

 

Trial registration: ClinicalTrials.gov NCT03167840. Registered on May 30, 2017 

 

Keywords: accidental falls, older adults, mild cognitive impairment, physical 

exercise, cognitive training, falls rate 
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4.1.2 Background 

 

Mild cognitive impairment (MCI) is associated with falls in the geriatric 

population [100], particularly among female older adults [27]. It is the intermediary 

state of cognitive decline between the changes due to the normal aging process, and 

the deterioration due to dementia and other neurological diseases [101].  The 

estimated global prevalence rate of MCI is between 5.0% and 36.7% [109].  

 

MCI is considered a predictor of falls [29] but it is also a potentially 

ameliorable fall risk factor [34]. Interventions, including physical exercise and 

cognitive training [50], may be provided to address the decline in cognitive function 

and also the presence of some physical fall-related risk factors such as decreased 

balance control [148], muscle weakness [149] and slow gait [30] that predisposes 

older adults to incur a fall. 

 

 

4.1.2.1    Physical training 

 

 Physical exercise is one of the most common interventions used to prevent 

falls in the geriatric population [76, 150]. Exercise as a single intervention or as a 

component of a multi-factorial intervention has been proven effective in reducing 

rate of falls and risk of falls among the general population of older adults living in 

the community [76, 150]. To successfully reduce falls incidence in older people, a 

minimum of three hours every week [150] for at least 40 hours of exercise over the 

course of interventions is needed [151]. The optimal exercise frequency is purported 
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to be three times per week [151]. Designing the programme to comprehensively 

include balance, strength, endurance, and flexibility, but with at least one-third is 

focused on balance training, is recommended [76, 150, 151]. 

 

 For community-dwelling older adults with cognitive impairment, there is 

promising evidence that exercise as a standalone intervention may prevent the 

occurrence of falls, however, this entails confirmation with more trials [150]. Older 

adults with MCI, in particular, are faced with certain cognitive hindrances when 

engaging in exercise such as learning new routines and remembering how to perform 

them accurately [152]. These cognitive obstacles were observed in spite of previous 

involvement in similar exercise regimens [153].  

 

 In terms of the effect of exercise on cognitive function, contrasting findings 

were reported. One meta-analysis concluded that there is very limited evidence that 

exercise improves cognitive function in MCI [98]. A more recent systematic review, 

however, reported overall provides positive effects of exercise on global cognition, 

executive function, attention and delayed recall in older persons with MCI [154]. 

Specifically engaging in aerobic exercise (walking, dancing, jogging, Tai Chi) at 60-

80% maximum heart rate or > 3 metabolic equivalents has resulted to the improved 

cognitive ability of older adults with MCI [155]. On the other hand, doing functional 

tasks as a form of exercise, has been found to provide cost-effective and sustainable 

improvements in global cognitive function, memory and executive function in 

community-dwelling older persons with MCI [82]. These benefits were obtained 

with the use of physical exercise alone and without formal cognitive training of the 

participants. 
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4.1.2.2    Cognitive training 

 

Cognitive training, which usually involves guided practice on a set of specific 

tasks designed to solicit targeted cognitive functions [156], has been proven effective 

in healthy older adults in improving cognitive functioning [45-47] and may also be 

an effective preventive strategy in the onset of any cognitive decline among older 

persons [48]. Impairment in executive function is found to be independently 

associated with a heightened risk for falls and fall-related injuries in community-

dwelling older adults [26, 68]. Executive function (EF) is a high-level subcomponent 

of cognition that regulates processes including working memory, inhibition and 

cognitive flexibility which are important in adapting efficiently to changing 

environment and task [157].  Targeting particularly executive dysfunction in 

cognitive training has been recommended to decrease the rate of falling in the 

geriatric population with cognitive impairment due to Alzheimer’s disease [31]. This 

strategy may help decrease falls rate in Alzheimer’s disease by addressing the 

perceptual-motor integration problem that causes instability in performing certain 

automatic tasks such as walking that eventually results in a fall [31].  

 

In older adults with MCI, cognitive training has resulted in beneficial effects 

on cognitive function such as attention, orientation, perception, language, memory 

and executive function [45, 158]. However, there are a lot of inconsistencies in terms 

of the format (group versus individual), number and duration of treatment sessions in 

the previously implemented programmes [45, 49]. It was found out that there is no 

dose-response relationship between the total training hours and the effectiveness of 
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the intervention on cognitive outcomes [45]. But, it seems that fewer sessions, about 

6-20 sessions only, are considered more cost-effective [49]. Furthermore, cognitive 

training greater than 12 weeks duration did not show better outcomes compared to 

programmes with ≤ 12 weeks duration, where the risk of attrition is also reduced [49].  

 

 

4.1.2.3    Combined physical and cognitive training 

 

 A treatment paradigm that could potentially address both cognitive decline 

and risk of falls in MCI is to combine physical exercise and cognitive training.  

Neuroplastic changes in the brain may be more evident if these two interventions are 

integrated. In an animal study, it was suggested that physical activity and cognitive 

stimulus had a complementary effect on neurogenesis [52]. In humans, combined 

physical/cognitive training had an effect on brain functional plasticity. The Train the 

Brain Consortium (2017) reported that there were lesser neural resources utilized, 

which means better neural efficiency, for the same behavioral activities in older 

individuals with MCI on combined interventions training compared to those without 

training [56]. Aside from neural efficiency, increased cerebral blood flow in the 

parahippocampal area in the medial temporal lobe of the brain was more evident 

after combined interventions. This area of the brain subserves non-verbal spatial 

information processing [56]. 

 

 Among healthy older adults, combined interventions in the form of stationary 

cycling with virtual reality [159], and integrated aerobic exercise and mental training 

[160] resulted in better effects in their cognitive performance compared when the 



124 

 

interventions were delivered separately. Similarly, progressive balance training with 

dual and multi-task exercises lead to positive short and long-term benefits in gait, 

balance control and fear of falling among community-dwelling healthy older adults 

with increased risk of falling [161].  

 

 For older adults with cognitive impairment, the effect of combined physical 

and cognitive training is rather inconsistent. In older persons with Parkinson’s 

disease, the multimodal cognitive programme, including cognition, transfer training, 

psychomotor and endurance, had superior effects in cognitive function compared to 

paper-and pencil-based cognitive training only [162]. In older adults with MCI, 

cognitive status was significantly improved following a 7-month combined physical-

cognitive training and music therapy compared to no training [56]. Simultaneous 

physical and cognitive training by dual-tasking in older persons with MCI also 

resulted in significantly better cognitive outcomes compared to a waitlist group [163] 

or an education control group [84].  

 

 On the contrary, a study that combined resistance training and cognitive 

training in older adults with MCI concluded that doing high-intensity resistive 

training alone for six months lead to significant increase in global cognitive function, 

memory and executive function while participating in combined training 

unexpectedly and significantly reduced the benefits of isolated progressive resistance 

training on executive and global cognitive function [96]. In another study also 

involving older persons with MCI, dual modality cognitive-physical training and 

single modality interventions of cognitive training alone or physical exercise alone 

resulted in no significant differences in cognitive outcome measures [94]. In a 
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systematic review, both older adults with and without cognitive impairment gained 

improvements in cognitive functions and functional status from combined physical 

exercise and cognitive training interventions [82].  However, the evidence is lacking 

to ascertain the superiority of combined interventions when compared to active 

control groups. More studies with good methodological quality are warranted to 

explore the potential benefits of this new treatment approach [82].   

 

 The link connecting the improvements in cognitive function and physical 

factors after undergoing physical exercise and cognitive training, singly delivered or 

in combination, to the reduction of falls and the decrease in falls risk in the geriatric 

population, particularly to those with MCI, is yet to be established. 

 

 Thus, this study primarily aims to determine the effectiveness of combined 

physical and cognitive training on preventing falls and reducing the risk of falls 

among community-dwelling older adults with MCI. The hypothesis is that an 

intervention that incorporates elements of both physical exercise and cognitive 

training in one treatment program is more effective compared to physical exercise or 

cognitive training alone in preventing the occurrence of falls and in decreasing the 

risk of falls in older adults with MCI living in the community. 
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4.1.3 Methods  

 

 

4.1.3.1     Participants 

 

Community-dwelling older adults, both male and female, aged 60 or above 

with MCI will be included. They will be recruited from community sites in Manila, 

Philippines through the assistance of local coordinators of the Office for Senior 

Citizens Affairs (OSCA) of Manila. The presence of MCI will be established 

following the criteria of Winblad et al. (2004) [6]. A person is diagnosed to have 

MCI if 1) the cognitive function is not normal nor demented; 2) there is subjective 

report of the individual and/or informant on declining cognitive function compared 

to 5 years ago [29] on objective cognitive tasks, and 3) the performance of basic 

ADLs is preserved with only minor problems doing complex instrumental ADLs [6]. 

Not normal cognitive function or presence of mild impairment will be based on 

Montreal Cognitive Assessment (MoCA) score of 19-25 [108]. Not demented will be 

based on not having a medical diagnosis of dementia or Alzheimer’s disease [8, 29]. 

Normal function in ADL and no or minimal impairment in instrumental ADL will be 

based on the Katz ADL Scale  [12] and Lawton Instrumental Activities of Daily 

Living (IADL) Scale [109].  

 

A trained neurologist-psychiatrist will examine the participants to provide the 

final diagnosis of MCI and give them the clearance to participate in the exercise. 

Since the interventions are community-based and will be held in local centers, only 

ambulatory older adults with or without an assistive device will be included. 
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 Older adults will be excluded if they have a diagnosis of dementia or 

Alzheimer’s disease; had history of major medical conditions such as 

cerebrovascular disease, cardiopulmonary condition, serious musculoskeletal disease, 

cancer, major psychiatric condition; have severe visual and/or hearing impairment; or 

are illiterate that will hinder them in participating fully and safely in the exercise 

and/or cognitive training programs. Furthermore, those who have been taking 

medications such as sedatives, antidepressants, diuretics, anti-epilepsy, that might 

affect their cognitive function will not be included. Deliberately providing false 

information is a reason for termination of participation. Elevation of blood pressure 

beyond the expected increase due to exercise or the presence of fever and body pains 

for several days due to other causes may be reasons for withdrawal to participate. To 

enhance adherence to the intervention, participants will be receiving a travel 

allowance and light refreshments every time they attend sessions. 

 

 

4.1.3.2     Study design and procedures 

 

This proposed study is a randomized controlled trial using a 4-group design 

including three intervention groups (physical training alone or cognitive training 

alone, or combined physical and cognitive training) and one waitlist control group. 

The study will comply with the principles of the Declaration of Helsinki 2013 and 

Good Clinical Practice Guidelines. Ethics approval was secured from the Human 

Subjects Ethics Sub-committee of the Hong Kong Polytechnic University-

Department of Rehabilitation Sciences (HSEARS20170402001) and the Ethics 
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Review Committee of the University of Santo Tomas-College of Rehabilitation 

Sciences (FI-2017-002).  The SPIRIT guidelines were followed in the design of this 

study protocol.  

 

Trained study personnel will interview the participants using questionnaires 

to obtain their demographic information and medical history, physical activity level 

and history of falls, and will conduct cognitive and physical performance tests to 

determine their eligibility to participate in this study. Only those who signed 

informed consent will be included in this study.  

 

Random allocation will be carried out by a third party not involved in the 

study by random draw to blindly allocate each participant to one of the four groups. 

To minimize experimental contamination through social interaction and 

communication among the participants, the interventions will be delivered at 

different sites.  

 

Measurement points include baseline/pre-intervention, post-intervention, and 

six months of follow-up assessments and will be conducted by trained study 

personnel blinded to the randomization assignment. Physiotherapists and 

occupational therapists who will be administering the interventions will not be 

involved in the outcome assessment. They will also have workshops and discussions 

to standardize the administration of different training programs. After the 

intervention period, aside from a calendar-diary, monthly phone calls will also be 

done to follow up with the participants about their fall status, physical activity, and 

exercise behavior. Figure 4 illustrates the study flow.  
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4.1.3.3     Sample size computation 

 

The sample size and power calculations will be based on fall rate which is the 

primary outcome of the study. Using statistical software Gpower 3.1.9.2, a priori 

power analysis was conducted using the computed effect size (Cohen’s d = .39) from 

Trombetti et al. (2011) [164]. Assuming 80% power with 5% Type 1 error and four 

groups, the calculated total sample size is 80. Considering a 16% dropout rate [164], 

the total number of participants is inflated to 93. There should be at least 23 

participants per group. 
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Figure 4 Study flow of the RCT 
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4.1.3.4     Interventions 

 

 

 

Physical Training alone (PT) 

 The participants in the PT group will be performing a series of physical 

exercises as a group supervised by trained physiotherapists. To ensure proper 

guidance and safety in the performance of the exercises, there will be one 

physiotherapist for every five participants.  

 

 The exercise programme will start with 5-10 minutes of warm-up including 

calisthenics and general flexibility exercises, followed by 60-90 minutes of circuit 

training including endurance, strength and balance exercises (with focus on balance 

training), and will end with 5-10 minutes of cool down including calisthenics and 

general flexibility exercises. This will be done three times per week over 12 weeks to 

achieve the recommended minimum accumulated 40 hours of exercise [151]. The 

exercises will be progressed individually, increasing the repetitions or sets first 

before the resistance, to maintain a moderate level of exercise intensity which is 5 to 

6 on a scale of 0 to10 for the level of physical exertion [36]. Rest periods will be 

provided whenever necessary. Table 12 shows the types of exercises included in this 

programme. 

 

 The exercises were based on the recommendations of Sherrington and 

Tiedemann (2015) [77] and were selected because of the minimal use of 

sophisticated equipment which is important in an exercise regimen designed for 

community-setting. The participants will be given brochures containing simplified 

exercise instructions with illustrations and printed using large font size to help them 
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remember the exercise routines and encourage them to perform the exercises at home. 

 

  

  

 

Table 12 

Physical Training  (PT) programme of the RCT 

Periods Exercises Progression 

Warm-up  

(5-10  mins) 

 

Calisthenics and general flexibility 

Multicomponent 

training  

(60-90 mins) 

Walking over 10 meters 

1. Walking forward-backward, sideways 

2. Turning figure of 8 walking 

3. Tandem walking 

 

10-12 rounds; 1-3 sets 

Increase step length and speed 

Over obstacles 

 

Sit-to-stand 8-12 repetitions; 1-3 sets 

Lower chair height 

 

Heel and toe raises 8-12 repetitions; 1-3 sets 

Hold or raise for longer 

 

Stepping in different directions 8-12 repetitions; 1-3 sets 

Longer or faster steps 

Step over obstacle 

 

Step-ups 

1. Forward 

2. Lateral 

 

8-12 repetitions; 1-3 sets 

Increase step height 

 

Graded reaching in standing 

1. Tabletop  

    - side to side, forward and diagonal 

reaching 

2. Tapping markers on the wall 

3. Reaching down to chair, stool or floor 

8-12 repetitions; 1-3 sets 

Narrower foot placement 

Increase distance to reach 

Standing on a softer surface (rubber 

mat) 

Stepping while reaching 

 

Cool-down (5-10  

mins) 

Calisthenics and general flexibility 
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Cognitive Training alone (CT) 

 The participants in the CT group will be involved in a set of paper-based 

cognitive exercises as a group supervised by trained occupational therapists. To 

provide close monitoring and immediate feedback during the training, there will be 

one occupational therapist for every five participants.  

 

 The intervention will start with 5-10 minutes of warm up to give the 

instructions, followed by 60-90 minutes of cognitive training designed to train 

specific cognitive functions such as orientation, memory, attention and executive 

function, with emphasis on executive function which is associated with increased 

risk for falls in older adults [68], and will end with 5-10 minutes of cool down for 

feedback and processing of responses. This will be done once a week for 12 weeks 

which is the optimal duration of cognitive training [49]. Even though cognitive 

training is delivered in a group, the difficulty level and progression will be 

individualized. Rest periods will be provided whenever necessary.  

 

 Table 13 shows the contents of the cognitive training.  The contents of training 

for orientation and attention were based on Brum et al. (2009) [165], and Vojtkofsky 

and Feldman (2015) [166]. For memory, training will include rehearsal, association, 

visual imagery and concentration. The use of multiple strategies in memory training 

is chosen as a larger improvement is expected with this approach compared to single 

strategy approaches [166, 167]. For executive function, training will consist of the 

extensive repeated practice of practical tasks to simulate usual daily activities instead 

of relying on strategies to strengthen cognitive processes. This is founded on the 

process-based approach which has been proven to be highly effective in improving 

executive function [157].  
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Table 13  

Cognitive Training (CT) programme of the RCT 

Periods Components Content 

Warm-up  

(5-10  mins) 

 

Giving instructions 

Cognitive training  

(60-90 mins) 

Orientation  

training 

Orientation to person, place, and time with or without external cues 

like a newspaper, calendar 

a. person – give full name, relatives, neighbors, age, occupation; name 

public officials 

b. place – provide an address, the location of islands/cities/provinces, 

favorite place/destination 

c. time – determine the current time, day, month and year; schedule of 

TV shows; special occasions; weather, season   

 

Memory  

training 

Rehearsal 

 verbally repeating a series of numbers or letters 
 

Association 

 face-name recognition – associating a person’s name with  facial or 

behavioral characteristics 
 

Visual imagery 

 having a mental representation of a set of animals, fruits, or 

common objects and combinations 
 

Concentration 

 play card game to turn over 3-6 pairs of matching cards 

 

Attention 

 training 

Auditory attention 

a. Clapping, tapping or stamping upon hearing specific words 

b. Coloring a picture or folding a paper following dictation 

c. Identifying the title or artist of a song being played 

 

Visual attention 

a. Counting the number of animals seen in a picture 

b. Encircling specified words in a paragraph/ word hunt 

c. Completing a trace maze 

 

Executive 

function 

training 

From a mixed set of objects on a table, 

a. Group the items into three and set aside objects, which do not 

belong to any group. 

b. Arrange items following a model  (e.g. table setting, smallest to 

largest, alternating pattern)  

Copying a drawing (pyramid, cylinder, house); dot copy 

Computation of allowance, expenses, change 

 

Cool-down 

(5-10 mins) 

 

Feedback and processing of responses 
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 The paper-and-pencil format of cognitive training is selected in consideration 

of the low economic situation of the community. The participants will be given 

educational brochures with large fonts and illustrations to inform them about the 

importance of maintaining or improving their cognitive abilities citing specific ways 

to be mentally active in old age. 

 

 

Physical and Cognitive Training (PACT) 

 The participants in the PACT group will be performing activities that integrate 

cognitive training in physical exercise routines as a group supervised by trained 

personnel either physiotherapists or occupational therapists. To ensure proper 

guidance, safety, close monitoring and immediate feedback about their performance 

of the activities, every five participants will be supervised by one therapist.  

 

 The PACT programme will start with 5-10 minutes of warm-up including 

calisthenics and general flexibility exercises, followed by 60-90 minutes of exercises 

similar in design, intensity and progression with the PT group but with cognitive 

components incorporated in each type of exercise, and will end with 5-10 minutes of 

cool down including calisthenics and general flexibility exercises and a post-session 

discussion to recall the activities performed in the just-concluded session. This will 

also be done three times per week over 12 weeks. Rest periods will be provided 

whenever necessary. Table 14 presents the design of the PACT program. The 

participants will likewise be given the same brochures given to the PT and CT 

groups for additional information and reference. 
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Table 14  

Physical And Cognitive Training (PACT) programme of the RCT 

Periods Exercises Progression 

Warm-up  

(5-10 mins) 

 

Calisthenics and general flexibility 

Multicomponent 

training  

(60-90 mins) 

Walking with executive function training 

 From a mixed set of objects (30 pieces) on a table 

at the start of the line, bring one object at a time 

walking over 10 meters towards another table to 

sort the objects properly in 3-4 separate groups. 

Walking is done forward, backward, sideward, in 

the figure of 8, or tandem.  

 

10-12 rounds; 1-3 sets 

Increase step length and 

speed 

Walking over obstacles 

 

Sit-to-stand with orientation training 

 Stand every time to answer questions about 

orientation to person, place and time 

 

8-12 repetitions; 1-3 sets 

Lower chair height 

 

Heel and toe raises with attention training 

 Follow visual cues to do heel or toe raises 

8-12 repetitions; 1-3 sets 

Hold or raise for longer 

 

Stepping in different directions with memory training 

 Stepping on a set of specified number and 

sequence of markers on the floor 

 

8-12 repetitions; 1-3 sets 

Longer or faster steps 

 

Step-ups with attention training 

 Follow verbal instructions on which foot to use to 

step-up 

8-12 repetitions; 1-3 sets 

Increase step height 

Graded reaching in standing with executive function 

training 

a. Table setting activity (arrange plates, utensils, 

glasses based on picture model) 

b. Arranging objects from smallest to largest, or in 

alternating pattern 

c. Copying a drawing (pyramid, cylinder, house); dot 

copy 

d. Computation of allowance, expenses, change  

 

8-12 repetitions; 1-3 sets 

Narrower foot placement 

Increase distance to reach 

Standing on a softer surface 

(rubber mat) 

Stepping while reaching 

Cool-down 

(5-10 mins) 

Calisthenics and general flexibility 

With memory training (summarize what activities were accomplished after the 

session in correct sequence and details) 
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Waitlist Group (WG) 

The participants in the WG will serve as the control group on the waitlist. 

They will be instructed to go on with their usual daily routine and will receive the 

intervention, combined physical and cognitive training, at a later date. 

 

 

4.1.3.5     Outcomes Measures 

 

The following primary and secondary outcome measures will be performed 

by trained assessors blinded to the group allocation. Measurements will be taken at 

baseline, at the conclusion of the intervention period, and 6 months post-intervention. 

Additional information regarding the exercise behavior and the physical and social 

activities participated in by the eligible participants in the last 6 months will be 

obtained during the 6 months post-intervention follow-up assessments [168]. 

 

 

Primary outcome measure 

 

Falls Rate 

 Each participant will be given a calendar diary to mark any incidence of fall 

on a weekly basis during the assessment period. A relative or caretaker of the older 

person will be asked to validate the information. The confirmation by another person 

is done because self-reporting techniques, particularly for individuals with cognitive 

impairment, may not be accurate due to recall bias [41]. Monthly phone calls will be 

done to update the history of the fall of each participant. 
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Secondary outcome measures 

 

 The secondary measures will be assessments that evaluate overall fall risk, 

cognitive, physical and psychological factors related to falls. 

 

 

Overall Fall Risk 

 The overall fall risk will be determined using the short-form Physiological 

Profile Assessment (PPA) and the Falls Risks for Older People in the Community 

(FROP-Com) Screen. 

 

 The PPA short form is a valid, reliable and objective series of tests used to 

evaluate the physiological risks of falls and to classify fallers from non-fallers [110]. 

It is composed of five subtests on 1) visual contrast sensitivity, 2) proprioception, 3) 

hand reaction time, 4) knee extensor muscle strength, and 5) postural sway [105]. 

Data from these tests will be encoded in a web-based software program such that the 

performance of one participant is compared to a normative database to determine 

whether the individual has a low or high risk of falls [105].  

 

 The FROP-Com Screen is a brief screening tool used to determine older 

persons who are prone to fall [169]. It is composed of three items on 1) the number 

of incurred falls within the past 12 months, 2) the level of dependence in doing 

instrumental ADLs, and 3) balance in walking and turning of older adults [169]. A 



139 

 

score of 0-3 means the older adult has a low risk for falls, while a score from 4-9 

denotes a high risk for falls [169]. 

 

Cognitive Function 

 Montreal Cognitive Assessment (MoCA) is a brief 10-minute, 30-item, one-

page cognitive screening, diagnostic and a tracking tool with high sensitivity and 

specificity for detecting MCI [108, 170]. It is widely used internationally and has 

been translated into many languages. It assesses several cognitive domains such as 

memory, executive function, attention, language, abstraction, naming, delayed recalls, 

and orientation.  

 

Memory 

 The Memory Index Score of the Montreal Cognitive Assessment (MoCA-

MIS) consists of 15 items on memory and validated to help determine in predicting 

conversion to Alzheimer’s disease or dementia from MCI over 18 months [171]. It is 

calculated by getting the sum of the number of words correctly remembered by the 

participant in the free delayed recall, category cued recall, and multiple choice-cued 

recall multiplied by 3, 2 and 1, respectively, to obtain a score which ranges from 0 to 

15. [171] 

 

Executive Function 

 Executive Function Performance Test (EFPT) is a valid and reliable 

instrument that uses structured cueing and scoring system to examine executive 

function in doing basic real-world tasks like hand-washing, oatmeal preparation, 

telephone use, taking medication, and paying bills [172]. To consider the local 
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context, only the use of the telephone and taking of medication will be performed in 

this study. Appendix Y shows the Executive Function Performance Test. 

 

Balance  

 The Timed Up and Go Test (TUGT) will be used to examine the dynamic 

balance of the participants. It is a simple and reliable [140] test that measures the 

time in seconds it takes a person to stand up from a chair, walk a distance of three 

meters, turn around, walk back towards the chair and sit down again. It is a sensitive 

and specific tool for identifying older adults who are at risk of falls [70]. Those who 

take longer than 14 seconds to complete this test have a high risk of falls [70]. 

 

Gait Speed 

 Gait speed will be measured using the 10-Meter Walk Test (10MWT). This is 

a valid and reliable gait speed assessment in older adults [111]. It is the quotient of 

distance covered in meters, and the duration in seconds it takes the participant to 

walk that distance. The participants will perform the test at their preferred speed and 

fastest speed possible [111, 173].  

 

Muscle Strength 

 The strength of the lower limb muscles will be assessed using the 30s-Chair-

Stand Test (CST). This is done by asking the participants to perform sit-to-stand on a 

standardized chair as many as they can within 30 seconds. The CST has excellent 

validity and reliability in community-dwelling older persons [174].  
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Fear of Falling 

 The Falls Efficacy Scale – International (FES-I) will be used to assess the fear 

of falling of the participants. The tool is composed of 16 items. Each item is scored 

based on a four-point scale (1 = not at all concerned; 2 = somewhat concerned; 3 

moderately concerned; and 4 = very concerned). The score ranges from 16 to 64. A 

high score means more fear of falling. FES-I has been shown to have excellent 

psychometric properties including construct validity, internal consistency, and test-

retest reliability and discriminatory power when used in older persons [127, 128, 130, 

175].  

 

Quality of Life 

 Perceived Well-Being (PWB) Scale will be used to assess the quality of life 

of the participants. It is a brief and easy to use tool that measures the quality of life 

specifically in the domains of psychological and physical well-being. It has high 

internal consistency and validity and is significantly correlated with variables that 

affect an individual’s well-being [141]. The score ranges from 16 to 116. A high 

score means greater perceived well-being. 

 

Health Status 

 EuroQoL - 5 dimensions - 5 levels (EQ-5D-5L) is a valid and standardized 

tool developed to provide a simple, generic measure of health status for clinical and 

economic analysis [176]. The five dimensions are mobility, self-care, usual activities, 

pain/discomfort, and anxiety/depression. Each dimension has five levels: no 

problems, slight problems, moderate problems, severe problems, and extreme 

problems   [177].  The tool has shown evidence of responsiveness to change [178].  It 



142 

 

has been translated in over 120 languages and the validated Tagalog version of EQ-

5D-5L will be used with permission in this study Please see Appendix Z). 

 

 

4.1.3.6    Statistical Analysis 

 

Descriptive statistics will be used to summarize demographic data using 

mean standard deviations, and percentages. Baseline values across the groups will be 

compared using one-way ANOVA for interval/ratio data and Kruskal-Wallis test for 

nominal/ordinal data. The multivariate repeated measure ANOVA will be used to 

determine the pre- and post-intervention effects and differences among group data 

with a normal distribution; otherwise the Friedman test will be utilized. The 

incidence rate ratio, computed as the number of falls divided by the duration of falls 

monitoring for every participant, will be used to compare intergroup fall rate. An 

intention-to-treat analysis will be used for missing data due to dropouts. The p-value 

of <0.05 is considered significant. Data analysis will be performed using SPSS 

version 23 for Windows. 

 

 

4.1.3.7    Data Monitoring 

 

Collected data using a paper-based assessment kit will be encoded in MS 

Excel by one study personnel blinded to the group allocations. This will be double-

checked by another research assistant. The privacy and confidentiality of the 

participants will be kept by making no personal information available to the public. 
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Signed consent forms and filled data collection sheets will be stored in a locked 

cabinet. The encoded data will be kept in a password-protected computer folder. 

Data will be stored for five years and will then be deleted. In the event of any 

publication involving this study, the participants’ identities will remain confidential. 

Aside from the researchers, the study monitors from the ethics committee will be 

granted monthly direct access to the records for purposes of procedure and data 

verification and interim analyses. Any modifications in the study procedure will be 

reported to the Human Subjects Ethics Sub-committee of The Hong Kong 

Polytechnic University-Department of Rehabilitation Sciences and the Ethics Review 

Committee of the University of Santo Tomas-College of Rehabilitation Sciences, and 

to ClinicalTrials.gov. To disseminate the findings of this research, the results and 

implications will be reported to the participants and presented formally in 

professional conferences, and published in a reputable journal. 

 

 

4.1.3.8    Adverse Events 

 

Participants might experience fatigue while doing exercise, and therefore 

adequate rest periods and breaks will be provided as needed. Vital signs will be 

constantly monitored before, during and after the interventions every session. Light 

refreshments will be provided to prevent dehydration. In some activities that will 

challenge their balance, trained therapists will be close by to provide support to 

prevent them from falling. The calendar-diary will also be used to monitor changes in 

health status and record adverse events every session during the intervention period 

and then every month after the intervention phase. In the case of any untoward 
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incident like dizziness, injuries, or falls during the conduct of the study, appropriate 

first aid, medical attention or referral to a clinic or hospital, will be immediately done 

to the participant as soon as reported.  

 

 

4.1.4 Discussion 

 

 The objective of this proposed study is to determine the effectiveness of 

combined physical and cognitive training on preventing falls and reducing the risk of 

falls among community-dwelling older adults with MCI. To our knowledge, this is 

the first trial that will investigate the direct effect of combined physical exercise and 

cognitive training on falls in this target population [179]. 

 

 A fall could result in fatal or non-fatal physical injuries [23, 41], psychosocial 

problems [61], and also bring about the economic burden to the family and 

community [21, 62, 63]. Older people with MCI are at a heightened risk for falls 

[100]. It is essential, therefore, to scientifically understand which treatment 

programmes are most effective in this population [39]. 

 

A previous study reported that all aspects of balance control deteriorate with 

increasing severity of cognitive impairment and that executive function plays an 

important role in balance control [66]. Early intervention, therefore, is vital for the 

care of older people with MCI to prevent or retard its progression to dementia and to 

prevent the occurrence of falls [26, 27]. This study will contribute knowledge on the 

impact of proactive measures in older persons with MCI.  
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We are anticipating that since the training programs will run for 12 weeks, we 

might have difficulty recruiting participants and also sustaining their attendance 

throughout the intervention period. To address this, the researchers will be working 

closely together with the local OSCA coordinators in inviting participants and 

following them up. Travel allowance and refreshments will also be provided to the 

participants every time they attend a session to encourage them to be diligent in their 

involvement. Participants may also drop-out due to various reasons (busy schedule, 

relocation, low motivation, diseases) which is why the sample size was inflated by 

16% [164]. 

 

 In summary, this trial will provide insight into the effect of integrating 

cognitive training into physical exercise in preventing falls and reducing physical, 

cognitive and psychologic risks of falls in older persons with MCI living in the 

community. Healthcare professionals and practitioners in the geriatric field will be 

provided with validated community-based interventions whose effect on falls and 

fall-related risk factors is scientifically evaluated.  

 

 

4.1.5 Declarations 

 

Ethics approval and consent to participate 

This trial protocol was reviewed and approved by the Human Subjects Ethics 

Sub-committee of The Hong Kong Polytechnic University-Department of 

Rehabilitation Sciences (HSEARS20170402001) and the Ethics Review Committee 
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of the University of Santo Tomas-College of Rehabilitation Sciences (FI-2017-002). 

This proposed study conforms to the principles of the Declaration of Helsinki 2013 

and Good Clinical Practice guidelines.  

 

The Participant’s Information Sheet and Consent Form will be provided and 

explained to the participants by the researchers to ensure that they are knowledgeable 

and well-informed about the purpose of the study and how it will be conducted. They 

are expected to give their decision after all concerns and questions have been 

explained. The older adults’ participation is completely voluntary. They have the 

right to withdraw at any time during the study without a reason, which will not lead 

to unfair treatment. Only those who will sign the consent form will be included in 

this study. A guardian as the legal representative will be asked to co-sign the consent 

form. In the event of any publication involving this study, their identities will remain 

confidential. 
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4.2 Fall prevention and risk reduction with combined physical and 

cognitive training (falls PACT) in older adults with mild cognitive 

impairment: A randomized controlled study 

 

 

4.2.1 Abstract 

 

Background: Older adults with mild cognitive impairment (MCI) are at risk of 

falling due to physical and cognitive decline. A combined physical exercise and 

cognitive training may be the best approach in addressing both the physical and 

cognitive risks of falling in this population.  

 

Objective: To investigate the effects of combined physical and cognitive training on 

fall rate and risks of falling in community-dwelling older adults with mild cognitive 

impairment (MCI).  

 

Design: Single-blind, multicentre, randomized controlled trial. Participants were 

randomized to combined physical and cognitive training group (PACT), physical 

training alone group (PT), cognitive training alone group (CT), or waitlist group 

(WG). The interventions were delivered for 60-90 minutes, 1-3 times per week for 

12 weeks with 6-month follow-up. 

 

Setting and Participants: Ninety-two community-dwelling older persons with MCI 

[69.5 (5.6) years; 79.4% female] participated. 
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Measures: Primary outcome was fall rate. Secondary outcomes were overall fall risk 

[Physiological Profile Assessment (PPA) and Falls Risk for Older Persons in the 

Community (FROP-Com)], and fall-related cognitive, physical, and psychological 

risks. 

 

Results: PACT group demonstrated lower overall fall risk, (p = .003), higher 

cognitive function (p <.001), and better dynamic balance (p = .004) over time. PT 

group also demonstrated significantly higher cognitive function (p <.001) post-

intervention, and significant increase in walking speed (p = .001), and lower 

extremity muscle strength (p < .001). CT group did not improve on cognitive 

function over time (p = .058). No significant change was observed across time and 

groups on fall rate and psychological outcomes.  

    

Conclusions: There was no significant difference among groups on the reported fall 

incidence rate post-intervention. PACT significantly resulted in lower overall fall 

risk, improved cognitive function, and better dynamic balance. PT led to better 

outcomes in cognitive function, walking speed, and muscles strength. CT did not 

produce significant improvement in cognitive performance. A follow-up study to 

determine the long-term effects of the interventions is warranted. 

 

Keywords: mild cognitive impairment, older adults, falls incidence, risk for falls 
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4.2.2 Background 

 

The prevalence of falls among older adults with mild cognitive impairment 

living in the community is two times compared to their cognitively intact peers [28]. 

Mild cognitive impairment (MCI) is considered a predictor and also a risk factor for 

falls in community-dwelling older persons [29, 30]. It is the intermediary state of 

cognitive decline between the normal aging process and dementia [1, 2].  

 

With old age, reduced physical abilities such as decreased muscle strength, 

impaired balance control, and slower walking speed are expected. The combination 

of old age, cognitive decline, and decreased physical functions further heighten the 

risk of falling of older persons with MCI [180]. Falling in the geriatric population 

has burdensome physical, psychological and economic consequence [181, 182]. 

These concerns are the reasons for developing fall prevention programmes for this 

target population.  

 

While advanced age is a non-modifiable risk for falling, the physical and 

cognitive risks of falling may be modifiable.  A combined intervention of physical 

exercise and cognitive training may be the best approach to addressing these 

modifiable fall risk factors [51, 183-186]. In our published systematic review, we 

found that there is evidence that combined exercise and cognitive rehabilitation 

improve fall-related factors such as cognitive function, balance control and walking 

speed in older adults with MCI [187]. However, these are just indirect measures of 

fall prevention. More research is needed to report on the direct effect of the 

combined intervention on fall rate or incidence [187]. 



150 

 

 

Hence, this objective of this study was to investigate the effectiveness of 

combined physical exercise and cognitive training on preventing the occurrence of 

falls and in reducing the fall-related risks among older persons with MCI living in 

the community. We hypothesized that integrating cognitive training while doing 

physical exercise is more effective versus performing physical exercise alone or 

undergoing cognitive training alone in preventing falls and reducing the risk of 

falling in community-dwelling older persons with MCI. 

 

 

 

4.2.3 Methods 

 

 

4.2.3.1 Study design and procedures 

 

This study was implemented after securing ethical approval from the Human 

Subjects Ethics Sub-committee of the Hong Kong Polytechnic University and also 

from the Ethics Review Committee of the University of Santo Tomas-College of 

Rehabilitation Sciences. It was registered with ClinicalTrials.gov on May 30, 2017 

(Identifier: NCT03167840). The full protocol of the current study has been 

previously published [188]. 

 

This randomized controlled trial used a 4-group design including three 

intervention groups [physical and cognitive training (PACT) or physical training 
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alone (PT) or cognitive training alone (CT)] and one wait-list control group (WG). 

Random assignment was performed by an unbiased observer not connected with the 

current study by random draw to blindly allocate each participant to one of the four 

groups. The interventions were delivered at different sites to minimize experimental 

contamination. 

 

 

4.2.3.2 Study population and setting 

 

Participants were community-dwelling older persons, aged 60 or above with 

MCI. They were recruited from urban community sites in Manila, Philippines 

through the assistance of local government officials and coordinators of the Office 

for Senior Citizens Affairs (OSCA) of Manila. The diagnosis of MCI was based on 

the consensus report of Winblad et al (2004). A trained neurologist-psychiatrist 

examined the participants, provided the final diagnosis of MCI and accorded them 

the clearance to participate in the study. Only those who gave signed written consent 

were allowed to participate. The eligibility criteria were previously elaborated in the 

published trial protocol [188]. 

 

 

4.2.3.3 Interventions   

 

Details of the interventions have been published [188] and are briefly 

described below. 
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Physical training alone (PT) 

 The PT group performed a series of physical exercises supervised by trained 

physiotherapists with a therapist–participant ratio of 1:5. It was a group, but 

individually progressed, multicomponent exercise programme with a focus on 

balance training conducted three times per week over 12 weeks. Each session lasted 

for 60-90 minutes including warm-up and cool down periods. The exercise intensity 

was maintained at a moderate level of physical exertion [36]. The participants were 

given brochures containing simplified exercise instructions with illustrations to 

encourage them to perform the exercises at home. 

 

 

Cognitive training alone (CT) 

 The CT group were involved in a set of paper-based cognitive exercises 

supervised by trained occupational therapists with a 1:5 therapist-participant ratio. 

The cognitive training program was delivered for 60-90 minutes to train specific 

cognitive functions such as orientation, memory, attention and executive function, 

with emphasis on executive function. This was done once a week for 12 weeks. The 

difficulty level and progression were individualized. Brochures about maintaining or 

improving their cognitive abilities were provided to the participants. 

 

 

Physical and cognitive training (PACT) 

 The PACT group performed activities that integrate cognitive training in 

physical exercise routines supervised by trained physiotherapists with a therapist-
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participant ratio of 1:5. It was a multicomponent group exercise programme similar 

in design, intensity, and progression with the PT group but with cognitive 

components incorporated in each type of exercise. This was conducted in 60-90-

minute sessions, three times per week for 12 weeks. The exercises were also 

individually progressed. The participants likewise received the same brochures given 

to the PT and CT groups for additional information and reference. 

 

 

Wait-list group (WG) 

 The WG served as the control group on wait-list. They were instructed to go 

on with their usual daily routine and would receive the intervention, combined 

physical and cognitive training, on a later date. 

 

 

4.2.3.4   Outcomes Measures 

 

 The outcome measures were conducted by trained and blinded assessors. 

Measurements were taken in three occasions: 1) at baseline, 2) at the conclusion of 

the intervention period (12 weeks after baseline), and 3) six months post-intervention 

(36 weeks after baseline). Physical therapists and occupational therapists who 

administered the interventions were not involved in the conduct of the assessment 

procedure.      
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Primary outcome measure 

 

Falls Rate 

 A fall is defined as “an inadvertently coming to rest on the ground, floor or 

lower level, excluding intentional change in position to rest in furniture, wall or other 

objects” [189]. Each participant was given a calendar-diary and was instructed to log 

any incidence of falling. This was confirmed by a relative or caretaker to minimize 

recall bias [41]. Aside from this, monthly phone calls were conducted by a research 

assistant after the intervention period to follow-up the participants and verify their 

health status including fall occurrence and exercise behavior. 

 

 

Secondary outcome measures 

 

 The secondary outcome measures were assessments that evaluate overall fall 

risk, cognitive, physical and psychological risk factors related to falls. The 

description and psychometric properties of these measures were provided in the 

published protocol [188].  

 

 The overall risk for falls was measured using the Physiological Profile 

Assessment (PPA) short form [105, 110]  and the Falls Risks of Older Persons in the 

Community (FROP-Com) Screen [169]. The Montreal Cognitive Assessment 

(MoCA) was used to measure global cognitive function [108, 170]. The Montreal 

Cognitive Assessment – Memory Index Score (MoCA-MIS) was utilized to assess 

memory [171]. The subtasks of making a phone call and taking medication of the 
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Executive Function Performance Test (EFPT) were used to examine executive 

function [172]. 

 

 The Timed-Up and Go test (TUGT) was used to examine the dynamic 

balance of the participants [70]. The 10-Meter Walk Test (10MWT) was used to 

examine how fast the participants can walk [111, 173]. The 30-second Chair Stand 

Test (30s CST) was used to examine the strength of the lower extremity muscles 

[174]. 

 

 The Falls Efficacy Scale – International (FES-I) was used to assess the level 

of concern of the participants regarding falling [127, 175]. The Perceived Well-Being 

(PWB) Scale was used to assess the quality of life [141]. The Euro Quality of life – 5 

Dimensions and 5 Levels (EQ-5D-5L) was used to measure the health status of the 

participants [176].  

 

 

4.2.3.5   Statistical Analyses 

 

 Collected data were encoded in MS Excel and evaluated using SPSS version 

23 for Windows. Descriptive statistics were used to summarize demographic data 

using mean, standard deviations, mode, and percentages. Baseline values across the 

groups were compared using one-way ANOVA for data with normal distribution and 

homogeneity of variances; otherwise, the Kruskal-Wallis test was used. The fall 

incidence rate ratio, computed as the number of falls divided by the duration of falls 
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monitoring for every participant, was used to compare intergroup fall rate. 

 

 The use of multivariate repeated measure ANOVA was initially planned to 

analyze the pre- and post-intervention effects and differences among the four 

randomization groups. Gathered data were first subjected to Levene’s test to assess 

equality of variance and also to Box’s M statistic to evaluate the assumption of 

homogeneity of the population variance and co-variances among the dependent 

variables. The assumption of variance equality was violated (p = .007), thus, using 

multivariate repeated measure ANOVA was not appropriate as this may yield invalid 

results. Instead, the repeated measures ANOVA with between-groups analysis or 

mixed design ANOVA was utilized. For non-normal and/or ordinal/categorical data, 

Friedman’s ANOVA was applied to compare across time differences in outcome 

measures. Post hoc analysis for time effects was conducted using Wilcoxon signed-

rank tests with a Bonferroni correction. To compare between-group difference at 

baseline, 12 weeks and at 36 weeks for data with normal distribution or with 

homogeneous variances, the one-way ANOVA was used; otherwise, the Kruskal-

Wallis Test was employed. Post-hoc analysis to determine differences in pairwise 

group comparisons was performed using Tukey’s HSD test. 

 

 An intention-to-treat analysis, with the last observation carried forward, was 

used for missing data due to dropouts. The p-value of < 0.05 was considered 

significant for all computations. 
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4.2.4 Results 

 

 

4.2.4.1      Participant characteristics 

 

From 198 older adults recruited, 185 consented to participate. They were 

screened for eligibility with 93 participants excluded due to various reasons (figure 

5). A total of 92 participants (73 females and 19 males), aged 60-83 years (mean = 

69.5 ± 5.6), were included in the study and were randomized in PACT group (n = 23), 

PT group (n = 23), CT group (n = 23) or WG group (n = 23). The baseline 

characteristics of the participants are shown in Table 15. No statistically significant 

differences were found for the demographic characteristics and important assessment 

variables among the four groups at baseline. 

 

 

4.2.4.2     Compliance 

  

From 92 participants during the baseline assessment, 74 (80.4%) participants 

had post-intervention assessment at 12 weeks and 66 (71.7%) participants completed 

the follow-up assessment at 36 weeks. At 12 weeks, lost to follow-up were due to 

unavailability to attend (22.2%), relocation (5.5%), drop-out or demotivated to 

continue (66.7%) and death (5.5%). At 36 weeks, lost to follow-up were due to 

unavailability to attend (15.4%), relocation (15.4%), drop-out or demotivated to 

continue (61.5%) and deaths (7.7%). The rates of attendance based on the number of 

sessions attended were 84.7% for the PACT group, 79.9% % for the PT group and 
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82.5% for the CT group. Eleven (47.8%) participants in PACT and nine (39.1%) in 

PT had less than 40 hours of accumulated exercise duration. No other adverse events 

were reported during the duration of the study. 

 

 

 

 

 
Figure 5 Flow of participants through the RCT.  

 

PACT, Physical and Cognitive Training; PT, Physical Training alone; CT, Cognitive Training alone; WG, 

Waitlist Group. 
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Table 15 

Baseline sociodemographic characteristics of the randomization groups 

 All  

(N=92) 

PACT  

(n=23) 

PT 

 (n=23) 

CT  

(n=23) 

WG  

(n=23) 
p 

Demographics       

   Age (yr), median (IQR) 69 (8.3) 67 (8) 73 (7) 68 (7.5) 68 (8.5) .079 

   Sex (female), n (%) 73 (79.4) 16 (69.6) 22 (95.7) 18 (78.3) 17 (73.9) .138 

   Education (yr), median (IQR) 10 (6) 10 (4) 7 (4) 10 (3.5) 10 (6) .089 

   BMI (kg/m2), x̅ (SD) 23.9 ( 5.1) 22.7 (4.7) 22.4 (4.9) 25.1 (5.4) 25.3 (5.1) .095 

Employment Status, n (%)       

   Retired 49 (53.3) 12 (24.5) 10 (20.4) 15 (30.6) 12 (24.5) .562  

   Working 15 (16.3) 2 (13.3) 5 (33.3) 3 (20.0) 5 (33.3)  

   Did not work 28 (30.4) 9 (32.1) 8 (28.6) 5 (17.6) 6 (21.4)  

Civil Status, n (%)       

   Married 28 (30.4) 8 (34.8) 6 (26.1) 6 (26.1) 8 (34.8) .668  

   Widowed 49 (53.3) 11 (47.8) 13 (56.5) 14 (60.9) 11 (47.8)  

   Single 9 (9.8) 1 (4.3) 4 (17.4) 2 (8.7) 2 (8.7)  

   Separated 6 (6.5) 3 (13.0) 0 1 (4.3) 2 (8.7)  

Living situation, n (%)       

   With companion 92 (98.9) 23 (100) 23 (100) 22 (95.7) 23 (100) .387  

   Alone 1 (1.1) 0  1 (4.3)   

Lifestyle, n (%)        

    Smoker 7 (7.6) 4 (17.4) 1 (4.3) 1 (4.3) 1 (4.3) .243  

    Drink alcoholic beverage 16 (17.4) 5 (21.7) 1 (4.3) 5 (21.7) 5 (21.7) .304  

PASE, median (IQR) 134.1 

(70.7) 

116.1 

(69.7) 

127.5 

(35.3) 

161.6 

(62.4) 

121.2 

(94.9) 

.150 

Fall History Past 12 mons       

    0 67 (72.8) 17 (73.9) 17 (73.9) 16 (69.6) 17 (73.9) .326  

    1 14 (15.2) 4 (17.4) 3 (13.0) 3 (13.0) 4 (17.4)  

    2 7 (7.6) 1 (4.3) 3 (13.0) 3 (13.0) 0  

    3 4 (4.3) 1 (4.3) 0 1 (4.3) 2 (8.7)  

PPA, median (IQR)a 3.1 (2.2) 3.3 (2.1) 3.6 (2.3) 2.5 (2.2) 3.1 (2.3) .098 

FROP-Com, median (IQR)a 0 (1) 0 (1) 0 (0.5) 0 (1) 0 (1) .779 

MoCA (0-30), x̅ (SD) 18.3 (4.6) 17.5 (4.7) 17.0 (4.1) 20.4 (4.9) 18.3(4.13) .066 

MoCA-MIS (0-15),  median 

(IQR) 

9 (7) 7 (8) 10 (6.5) 11 (6.5) 8 (6.5) .633 

EPFT,  median (IQR)a       

   Telephone Test Score 4 (7) 4 (9.5) 4 (8) 2 (7.5) 4 (5) .653 

   Telephone Duration (min)  3 (2) 3 (2) 4 (3) 2 (1.5) 2 (2) .038* 

   Taking Medication Test Score 1 (2) 0 (1) 1 (1) 1 (2.5) 1 (2.5) .177 

   Taking Medication Duration 

(min) 

2 (1) 2 (1) 2 (0.5) 2 (1) 2 (2) .553 

TUGT (s), median (IQR)a 10.4 (3.2) 10.7 (2.8) 10.6 (3.0) 9.1 (3.0) 10.6 (4.0) .081 

10MWT, x̅ (SD)       

   Preferred Speed (m/s) 1.1 (0.2) 1.1 (0.2) 1.0 (0.2) 1.1 (0.2) 1.0 (0.2) .056 

   Fastest Speed (m/s) 1.4 (0.3) 1.4 (0.2) 1.2 (0.2) 1.5 (0.3) 1.3 (0.3) .012* 

30s CST, median (IQR) 13 (5) 13 (3) 13 (3) 15 (5.5) 14 (6) .190 

FES-I F (16-64), median (IQR)a 23 (9) 21 (11.5) 24 (7.5) 22 (5) 28 (9.5) .028* 

PWB Scale (16-116),  x̅  (SD) 84.9 (10.6) 86.0 (12.8) 85. 8 (9.6) 84.9 (8.8) 82.9 (11.3) .760 

EQ5D5L, median (IQR)       

    Index Score (0-1) 0.7 (0.4) 0.7 (0.3) 0.7 (0.2) 0.7 (0.2) 0.6 (0.3) .981 

    VAS (0-100) 95 (15) 100 (20) 100 (20) 95 (20) 100 (20) .418 

10MWT, 10-Meter Walk Test; 30s CST, 30-second Chair Stand Test; BMI, Body Mass Index; CT, Cognitive 

Training; EFPT, Executive Function Performance Test; EQ5D5L, Europe Quality of Life – 5 Dimensions – 5 

Levels; FES-I F, Falls Efficacy Scale – International in Filipino; FROP-Com, Fall Risks for Older Persons in the 

Community; IQR, Interquartile Range; MIS, Memory Index Score; MoCA, Montreal Cognitive Assessment; PACT, 

Physical And Cognitive Training; PASE, Physical Activity Scale for the Elderly; PPA, Physiological Profile 
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Assessment; PT, Physical Training; PWB, Perceived Well-Being; TUGT,  Timed Up and Go Test; SD, Standard 

Deviation; VAS, Visual Analogue Scale; WG, Waitlist Group 
aLower score means better performance. For other assessment procedures, a higher score means better 

performance 

*Statistically significant, p < .05 

 
 

 

 

 

 

 

 

 

 

 

 

4.2.4.3     Fall rate 

 

From baseline to 12 weeks, a total of 12 falls were reported (number of falls 

per group: PACT = 0, PT = 4, CT = 3, and WG = 5). From 12 to 36 weeks follow-up, 

14 falls were reported (PACT = 3, PT = 4, CT = 3, and WG = 4). Causes of falling 

were tripping (65.4%), slipping (15.4%), losing balance (11.5%) and knees giving 

away (7.7%). Table 16 shows the falls incidence rate. There was no statistically 

significant difference on fall rate among the randomization groups at 12 weeks (p 

= .152) and at 32 weeks (p = .954).  

 

Secondary outcomes are presented in Figure 6 and Table 17. Furthermore, 

Table 17 shows the comparison of all outcomes across time and between groups. 

 

 

Table 16 

Fall prevalence and incidence rates in all randomization groups. 

Fall rate Randomization Groups 

 Time Point PACT  

(n=23) 

PT  

(n=23) 

CT  

(n=23) 

WG  

(n=23) 

Fall prevalence rate over past 12 

months, n (%) 

Baseline  6 (26.1) 6 (26.1) 7 (30.4) 6 (26.1) 

Number of fall events, n(fall 

incidence rate)* 

12th week 0 (0)  5 (.762) 3 (.558) 5 (.976) 

 36th week 4 (.387) 6 (.610) 5 (.488) 5 (.518) 

CT, Cognitive Training; PACT, Physical And Cognitive Training; PT, Physical Training; WG, Waitlist Group 

*computed as new fall events per person-year 
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Figure 6 Change in mean outcome scores in all randomization groups over time. 
 

10MWT, 10-Meter Walk Test; 30s CST, 30-second Chair Stand Test; CT, Cognitive Training; EFPT, Executive 

Function Performance Test; FROP-Com, Fall Risks for Older Persons in the Community; MIS, Memory Index Score; 

MoCA, Montreal Cognitive Assessment; PACT, Physical And Cognitive Training; PPA, Physiological Profile 

Assessment; PT, Physical Training; TUGT = Timed Up and Go Test; WG, Waitlist Group 

 

 

  



162 

 

 
Table 17 

Comparison of outcomes at baseline, at 12 weeks and at 36 weeks in all randomization groups using the 

intention-to-treat method 

Outcome Measures Randomization Groups 

 Time 

Point 

PACT PT CT WG 

PPA, median (IQR)a Baseline  3.34 (2.29) 3.55 (2.62) 2.48 (2.25) 3.14 (2.38) 

 12th week 2.65 (1.68) 3.06 (2.56) 2.23 (2.34) 2.75 (3.35) 

 36th week 2.39 (1.40) 3.08 (1.70) 2.22 (1.44) 2.72 (2.16) 

FROP-Com, median (IQR)a Baseline  0 (1) 0 (0.5) 0 (1) 0 (1) 

 12th week 0 (0) 0 (0) 0 (0) 0 (0) 

 36th week 0 (0) 0 (0) 0 (0) 0 (0) 

MoCA, x̅ (SD) Baseline  17.48 (4.68) 17.04 (4.14) 20.35 (4.86) 18.26 (4.13) 

 12th week 20.26 (4.85) 19.09 (4.21) 21.09 (4.39) 18.96 (4.17) 

 36th week 21.17 (4.15) 19.83 (4.35) 21.52 (4.66) 19.78 (4.63) 

MoCA-MIS , median (IQR) Baseline  7 (8) 10 (7) 11 (7) 8 (7) 

 12th week 9 (7) 11 (8) 11 (6) 9 (5) 

 36th week 11 (5) 13 (6) 10 (5) 12 (5) 

EFPT, median (IQR)a 

 Telephone score Baseline  4 (9.5) 4 (8) 2 (7.5) 4 (5) 

 12th week 4 (9.5) 4 (5.5) 1 (4) 3 (3) 

 36th week 1 (6.5) 3 (6) 0 (4.5) 3 (5) 

 Telephone duration (min) Baseline  3 (2) 4 (3) 2 (1.5) 2 (2) 

 12th week 1.8 (1.3) 2.4 (2.1) 2.4 (2.4) 2 (0.9) 

 36th week 2 (1.7) 2.9 (1.6) 2.3 (1.2) 2 (1.2) 

 Taking medication score Baseline  0 (1) 1 (1) 1 (2.5) 1 (2.5) 

 12th week 0 (2) 1 (2) 0 (1) 0 (1) 

 36th week 0 (1) 0 (1.5) 0 (1) 0 (3) 

 Taking medication duration (min) Baseline  2 (1) 2 (0.5) 2 (1) 2 (2) 

 12th week 0.9 (1.1) 1.67 (1.2) 0.9 (0.4) 1.2 (1.0) 

 36th week 1 (0.8) 1.9 (0.9) 0.6 (.5) 1 (1.0) 

TUGT (s),  median (IQR)a Baseline  10.7 (2.8) 10.6 (3.0) 9.1 (3.0) 10.6 (4.0) 

 12th week 9.34 (2.0) 10.45 (2.6) 8.91 (2.6) 11.2 (3.5) 

 36th week 9.0 (1.3) 9.6 (1.4) 8.6 (2.0) 11.1 (2.6) 

10MWT, x̅ (SD) 

  Preferred Speed (m/s) Baseline  1.08 (0.17) 0.99 (0.18) 1.13 (0.20) 1.02 (0.23) 

 12th week 1.11 (0.18) 1.09 (0.18) 1.20 (0.24) 1.02 (0.21) 

 36th week 1.13 (0.16) 1.09 (0.18) 1.12 (0.21) 1.01 (0.17) 

  Fastest Speed (m/s) Baseline  1.38 (0.23) 1.24 (0.23) 1.51 (0.30) 1.32 (0.32) 

 12th week 1.41 (0.25) 1.39 (0.24) 1.54 (0.31) 1.33 (0.30) 

 36th week 1.42 (0.24) 1.38 (0.23) 1.47 (0.29) 1.31 (0.28) 

30s CST, median (IQR) Baseline  13 (3) 13 (3) 15 (5.5) 14 (6) 

 12th week 13 (2) 15 (4.5) 15 (5.5) 15 (5) 

 36th week 14 (2) 15 (3) 16 (5) 13 (4) 

FES-I F (16-64), median (IQR)a Baseline  21 (11.5) 24 (7.5) 22 (5) 28 (9.5) 

 12th week 19 (5.5) 19 (10) 20 (9.5) 23 (10.5) 

 36th week 22 (12.5) 20 (9) 19 (7.5) 24 (6.5) 

PWB (16-116), x̅ (SD) Baseline  85.96 (12.75) 85.78 (9.63) 84.91 (8.80) 82.91 

(11.25) 

 12th week 84.48 (12.03) 84.96 (9.43) 84.83 (8.30) 83.30 (9.67) 

 36th week 82.78 (11.84) 84.30 (9.99) 85.91 (9.08) 83.52 (9.84) 

EQ5D5L Index (0-1), median 

(IQR) 

Baseline  
0.67 (0.29) 

0.67 (0.21) 0.7 (0.2) 0.6 (0.3) 

 12th week 0.73 (0.35) 0.78 (0.28) 0.7 (0.4) 0.7 (0.2) 

 36th week 0.73 (0.35) 0.73 (0.30) 0.7 (0.4) 0.7 (0.4) 
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EQ5D5L VAS (0-100), median 

(IQR) 

Baseline  100 (20) 100 (20) 95 (20) 100 (20) 

 12th week 90 (15) 95 (12.5) 100 (20) 100 (12.5) 

 36th week 90 (15) 95 (20) 95 (17.5) 100 (12.5) 

BMI, Body Mass Index; CT-Cognitive Training; EQ5D5L, Europe Quality of life – 5 Dimensions – 5 Levels; 

FES-I F, Falls Efficacy Scale – International in Filipino; IQR, Interquartile Range; PACT-Physical And 

Cognitive Training; PASE = Physical Activity Scale for the Elderly;; PT, Physical Training; PWB, Perceived 

Well-Being; MMSE = Mini-Mental State Examination;; SD, Standard Deviation; VAS, Visual Analogue Scale; 

WG, Waitlist Group 
aLower score means better performance. For other assessment procedures, a higher score means better 

performance 

 *Statistically significant, p < .05 

 

 

 

 

 

4.2.4.4    Overall risk for falling 

 

Using Friedman’s ANOVA, there was a statistically significant difference in 

PPA scores across three assessment periods in PACT only, x
2
(2) = 11.590, p = .003, 

effect size based on Kendal’s W = .252. Post hoc analysis using Wilcoxon signed-

rank tests with a Bonferroni correction was conducted. There was a statistically 

significant decrease in PPA scores from baseline to 12
th

 week (Z = -2.607, p = .009) 

and from baseline to 36
th

 week (Z = -3.393, p = .001), in PACT. Using one-way 

ANOVA, no statistically significant difference among groups was noted at 12 weeks 

(p = .152) but was observed at 36 weeks (p = .043). However, post hoc analysis 

using Tukey’s HSD test did not show any statistically significant difference in 

pairwise comparisons. No group effects in PPA scores were observed. 

 

In terms of FROP-Com scores, there was a statistically significant difference 

across three time points in PACT [x2(2) = 7.357, p = .025, effect size = .160], in CT 

[x2(2) = 12.000, p = .002, effect size = .261], and in WG [x2(2) = 8.857, p = .012, 

effect size = .193]. However, upon performing post hoc analysis using Wilcoxon 
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signed-rank tests with Bonferroni correction, only PACT showed a statistically 

significant reduction in FROP-Com scores from baseline to 12th week (Z = -2.456, p 

= .014). All the other pairwise comparisons based on time points were not 

statistically significant. Between-groups analysis yielded no statistically significant 

difference in FROP-Com scores across the randomization groups at 12 weeks (p 

= .394) using Kruskal-Wallis test, and at 36 weeks (p = .973) using one-way 

ANOVA. Hence, no group effects on FROP-Com scores were demonstrated 

 

 

4.2.4.5    Cognitive risk of falling: Global cognitive function, memory, and 

executive function 

 

 

Using repeated measures ANOVA with between-groups analysis, there was 

statistically significant difference across the three assessment periods, F(2,176) = 

48.161, p <.001, effect size = .354, but not between groups, F(3, 88) = 1.353, p 

= .262, effect size = .044, in MoCA scores. However, there was a significant 

interaction between time and group, F(6,176) = 3.572, p = .002, effect size = 0.109. 

Following up this interaction indicated that there was a statistically significant 

change in MoCA scores in PACT (p <.001) and PT (p <.001) from baseline to 12
th

 

week. All groups showed a statistically significant increase in MoCA scores from 

baseline to 36
th

 week, except CT (p = .058). From 12
th

 week to 36
th

 week, however, 

no significant change in MoCA scores was observed in all groups. 
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In terms of memory, analysis of MoCA-MIS data using Friedman’s ANOVA 

revealed that there was a statistically significant change in scores across the three 

assessment periods in PACT [x
2
(2) = 6.514, p = .039], in PT, [x

2
(2) = 9.707, p 

= .008], and in WG, [x
2
(2) = 9.088, p = .011]. After performing post hoc analysis 

using Wilcoxon signed-rank tests with Bonferroni correction, significant increase 

was noted from baseline to 36
th

 week in PACT (Z = -2.633, p = .008), in PT (Z = -

2.908, p = .004), and in WG (Z = -2.864, p = .004). There were no other significant 

changes in MoCA-MIS in other time point comparisons in all groups. No group 

effects were noted, as the four groups did not show statistically significant difference 

in MoCA-MIS at 12 weeks (p = .578) and also at 36 weeks (p = .602) based on one-

way ANOVA test. 

 

 

Friedman’s ANOVA was conducted and rendered that there was no 

statistically significant change in the EFPT making a phone call subtask scores across 

the three assessment periods (p range = .109 - .817) in all randomization groups. 

Using the Kruskal-Wallis test, there was also no statistically significant difference 

among the four groups at 12 weeks (p = .179) and at 36 weeks (p = .325). 

 

With regards to the duration to make a phone call subtest of EFPT, there was 

a statistically significant difference across the three assessment periods in PACT 

[x
2
(2) = 15.878, p < .001], in PT [x

2
(2) = 7.167, p = .028], and in WG [x

2
(2) = 8.853, 

p = .012]. After performing post hoc analysis using Wilcoxon signed-rank tests with 

Bonferroni correction, there was a significant decrease in the duration to make a 

phone call from baseline to 12
th

 week in PACT (Z = -3.181, p = .001) and in PT (Z = 
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-2.555, p = .011), and from baseline to 36
th

 week in PT (Z = -2.416 p = .016). There 

were no other significant changes in other time point comparisons. Using Kruskal-

Wallis test, there was no statistically significant difference among the four groups in 

the duration to make a phone call at 12 weeks (p = .140) and at 36 weeks (p = .162). 

 

 

 

Regarding the EFPT taking medication subtask scores, a statistically 

significant difference across the three assessment periods was observed in CT only 

[x
2
(2) = 10.294, p = .006]. However, post hoc analysis using Wilcoxon signed-rank 

tests with Bonferroni correction revealed that there were no significant pairwise 

comparisons across time points in CT (p range = .031 - .180). Using one-way 

ANOVA, there was no statistically significant difference among the four groups at 

12 weeks (p = .778) and at 36 weeks (p = .348).  

 

With regards to the duration to take the medication, there was a statistically 

significant difference in across three time points in PACT [x
2
(2) = 11.927, p = .003], 

and in CT [x
2
(2) = 27.785, p < .001].  Post hoc analysis using Wilcoxon signed-rank 

tests with Bonferroni correction  further indicated that there was significant reduction 

in the duration to complete this task from baseline to 12
th

 week in CT (Z = -3.593, p 

< .001), and from baseline to 36
th

 week in PACT (Z = -3.118, p = .002), and in CT 

(Z = -3.728, p < .001). There were no other significant changes observed in other 

time point comparisons. Using one-way ANOVA, there was a statistically significant 

difference among the four groups in the duration to take the medication with p = .015 

at 12 weeks and p < .001 at 36 weeks. Post hoc analysis using Tukey’s HSD showed 

that at 12 weeks CT performed the task statistically and significantly faster compared 
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to PT (p = .016) and WG (p = .047). At 36 weeks, PT was significantly faster than 

PACT (p = .002), CT (p <.001) and WG (p = .043) 

 

 

4.2.4.6     Physical fall risks: Dynamic balance, gait speed, and strength 

 

Comparison in TUGT performance across the three assessment periods was 

performed using Friedman’s ANOVA which showed that there was a statistically 

significant difference in PACT only [x
2
(2) = 10.927, p = .004]. After performing post 

hoc analysis using Wilcoxon signed-rank tests with Bonferroni correction, there was 

a significant drop in TUGT scores, meaning faster performance of the test, from 

baseline to 12
th

 week (Z = -3.244, p = .002), and from baseline to 36
th

 week (Z = -

3.555, p < .001) in PACT only. Using the Kruskal-Wallis test, no statistically 

significant difference between groups was observed at 12 weeks (p = .090) but it was 

noted at 36 weeks (p = .001). Post-hoc analysis of groups with Bonferroni correction 

applied revealed that PACT (p = .001) and CT (p = .012) performed TUGT 

statistically faster compared to WG at 36 weeks.  

 

Using repeated measures ANOVA with between-groups analysis, there was 

statistically significant difference, F(2,176) = 5.593, p = .004, effect size = .060, in 

the 10MWT Preferred Speed across the three time points. This was also observed in 

the 10MWT Fastest Speed, F(1.84, 162.04) = 5.980, p = .004, effect size = .064. But, 

there was no significant group effect found in both conditions, F(3, 88) = 2.494, p 

= .065, effect size = .078 for the preferred speed, and F(3, 88) = 2.474, p = .067, 
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effect size = .078 for the fastest speed. The interaction between time and group, 

however, was statistically significant both in the preferred mode, F(6,176) = 2.593, p 

= .020, effect size = 0.081, and in the fastest mode, F(5.52, 162.04) = 4.085, p = .001, 

effect size = 0.122. Examining the pairwise comparisons revealed that there was a 

statistically significant increase in walking speed in PT only from baseline to 12
th

 

week (preferred speed, p = .001; fastest speed, p < .001) and from baseline to 36
th

 

week (preferred speed, p = .009; fastest speed, p = .001) No statistically significant 

change in preferred pace and fastest pace in all groups was computed from 12
th

 week 

to 36
th

 week, except for the CT group (p = .023) which reverted back to baseline 

values. 

 

Using Friedman’s ANOVA, there was a statistically significant change in 30s 

CST performance across three assessment periods in PT only, x
2
(2) = 17.948, p 

< .001. Post hoc analysis using Wilcoxon signed-rank tests with Bonferroni 

correction indicated that there was a significant improvement in 30s CST 

performance from baseline to 12
th

 week (Z = -3.604, p < .001), and from baseline to 

36
th

 week (Z = -3.058, p = .002) in PT only.  The randomization groups did not show 

a significant difference in 30s CST at 12 weeks (p = .186) and at 36 weeks (p = .110) 

based on the Kruskal-Wallis test. Therefore, no group effects were noted on the 

performance of 30s CST. 

 

 

4.2.4.7     Psychological fall risks: Fear of falling, quality of life and health status 
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Using Friedman’s ANOVA, there was no statistically significant change 

across three assessment periods in FES-I F scores (p range = .157 - .586) in all 

randomization groups. There was a significant difference, however, in FES-I F scores 

among the groups at 12 weeks (p = .041). Post-hoc analysis of groups using Tukey’s 

HSD revealed that PACT had statistically lower FES-I F scores meaning lesser 

concern for falling (p = .039) compared to WG at 12 weeks.  

 

Using mixed design ANOVA with Greenhouse-Geisser correction applied, 

no statistically significant changes across the three assessment periods, F(1.821, 176) 

= .332, p = .698, effect size = .004, in between groups,  F(3,88) = .230,  p = .875, 

effect size = .008, and no interaction between group and time,  F(5.464, 160.282) 

= .543, p = .759, effect size = 0.018 were noted in the overall PWB scores.  

 

There was a statistically significant difference in EQ5D5L Index scores 

across the three time points in PT [x
2
(2) = 6.907, p = .032], and in WG [x

2
(2) = 7.172, 

p = .028]. However, post hoc analysis using Wilcoxon signed-rank tests with 

Bonferroni correction yielded a statistically significant increase in EQ5D5L Index 

scores from baseline to the 12
th

 week in PT only  (Z = -2.696, p = .007). All other 

comparisons and differences were found to be not statistically significant. Using one-

way ANOVA, there was no statistically significant difference between groups in 

EQ5D5L Index scores at 12 weeks (p = .110) and at 36 weeks (p = .924).  

 

Using Friedman’s ANOVA, there was no statistically significant change 

across three assessment periods in EQ5D5L VAS scores (p range = .244 - .725). 

Using one-way ANOVA, there was no statistically significant difference between 
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groups in the EQ5D5L VAS at 12 weeks (p = .416) and at 36 weeks (p = .419). 

There were no significant time and group effects. 

 

 

 

 

4.2.5 Discussion 

 

Older adults with MCI are at heightened risk for falling due to the non-

modifiable risk of old age and the modifiable risks of cognitive decline, physical 

weakening, and psychological concerns. Providing an intervention that will prevent 

falls from happening and that will address the modifiable risk factors for falling is 

warranted. To the authors’ knowledge, this is the first study that evaluated the effects 

of combined physical and cognitive training on fall rate directly and also indirectly 

based fall-related risk factors in comparison with physical training alone, cognitive 

training alone and no intervention in community-dwelling older adults with MCI 

[187]. 

 

 

4.2.5.1 Effect of PACT 

 

Compared with other groups, only PACT recorded a zero fall incidence from 

baseline to 12 weeks. This is concomitant with reduced overall fall risk based on 

significantly lower composite scores in PPA and FROP-Com which were also 

observed only in PACT. A combined intervention tailored on both the physiological 
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and cognitive impairments of older persons may have contributed to the non-

occurrence of fall during this period [102]. However, after cessation of the 

intervention, at 36 weeks the fall rate was not different from the other groups. A 

maintenance programme that will engage older persons to continue the level of 

physical and cognitive activities may need to be necessary [190]. 

 

 Improvement in MoCA scores from baseline to 12 and to 36 weeks and its 

memory index from baseline to 36 weeks in PACT indicate an increase in cognitive 

function. The observed reduction in the duration to make a phone call and take 

medication suggests better efficiency in the performance of the tasks. These positive 

effects could be brought about by the motor-cognitive coupling and possible cross-

modality transfer effects of simultaneously targeting physical and cognitive functions 

in a combined interventions paradigm [191]. Adapting this strategy in the long-term 

may be beneficial in slowing down cognitive decline and conversion of MCI to 

dementia in older persons [55]. 

 

Improvement in dynamic balance control and functional mobility by PACT as 

seen in significant changes in TUGT across time periods is an important finding.  

Dynamic balance is a requirement to safely perform and execute basic and 

instrumental ADLs. Furthermore, PACT’s better performance in TUGT at 36 weeks 

and lesser FES-I F scores at 12 weeks compared with WG imply that involvement in 

an exercise programme with cognitive training is much better than just doing 

customary daily activities in enhancing functional mobility and reducing the concern 

of older people about falling. 
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Overall, the PACT group resulted in significant positive changes in overall 

fall risk in fall-related cognitive, physical and psychological outcomes. Greater 

improvements in outcomes would have been expected with higher participant 

compliance with the programme in terms of attendance and number of hours 

rendered [192]. 

 

 

4.2.5.2 Effect of PT 

 

 PT like PACT demonstrated significantly higher MoCA scores from baseline 

to 12 weeks and 36 weeks, greater MoCA-MIS from baseline to 36 weeks, and 

shorter duration to make a phone call task of EFPT from baseline to 12 weeks. This 

is in contrast with a meta-analysis previously published where it was concluded that 

there was very limited evidence that exercise can enhance cognitive function in older 

persons with MCI [98].  

 

As expected, significant increases in walking speed, both at the normal pace 

and fastest pace and also in 30s CST were only observed in PT. It seems that the 

physical exercise provided to the participants helped them gain more muscle strength 

in the lower extremities and agility in the performance of these assessment 

procedures. The development of faster walking speed not only lowers the risk of falls 

[28], it also serves as an indicator of longer survival or reduced mortality for older 

persons [193]. Having improved strength in the lower limb based on the higher score 

in 30s CST denotes lower risk for falls for older adults [71]. In terms of health status, 

only the PT group displayed a statistically significant increase in EQ5D5L Index 
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scores from baseline to 12 weeks. This finding though must be interpreted with 

caution. Due to unavailability of EQ5D5L index values for Filipinos, the data from 

Thailand, a proximate neighboring country with a similar racial background was used.  

 

 

4.2.5.3 Effect of CT 

 

The CT group surprisingly did not improve in MoCA scores from baseline to 

36
th

 week, unlike the other groups. A previous study where an intensive computer-

based mental activity was provided among older persons with MCI for five times a 

day for six weeks yielded non-significant difference in cognitive function compared 

with an active control group [86]. A systematic review also concluded that cognitive 

interventions among older persons with and without MCI have limited effect because 

the changes did not significantly exceed the improvement demonstrated by the active 

control groups [43]. While the intention-to-treat analysis was applied in the current 

study to handle dropouts, the 47.8% lost to follow-up in the CT group might have 

influenced the accuracy of the results.  

 

One interesting finding we noted is that the CT group, similar to the PACT 

group, finished TUGT sooner than WG at 36 weeks. Another curious finding is that 

the CT group presented a significant increase in the preferred mode and fastest mode 

of walking speed from the 12
th

 week to the 36
th

 week. In a previous study involving 

relatively healthy older adults, a 10-week computer-based cognitive training 

intervention was reported to be efficacious in slowing the degradation of balance and 

in improving gait speed [194]. This could be due to cross-modality transfer wherein 
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training cognitive functions can influence the performance of physical functions 

[195]. Inspecting more closely the data, however, it seems that the speeds in CT just 

reverted back to baseline values from a not significant decrease at the 12
th

 week.  

 

 

4.2.6      Limitations of the study 

 

 This study has several limitations. The time point to measure outcomes 

particularly fall incidence rate was limited to 12 weeks after baseline to examine the 

immediate effects of interventions and to 36 weeks after baseline to establish short-

term effects of interventions. A follow-up study to determine the long-term effects of 

the interventions of at least one year is warranted.  The overall attrition rate at 12 

weeks was 19.6% while at 36 weeks, it was 28.3%. This is in spite of having a 

mutually agreed schedule of re-assessment. An intention-to-treat analysis, by 

carrying forward the last known data, was employed to address this limitation.  In 

spite of the initial sample size and power calculation for the study, the number of 

participants may not be large enough to detect a significant difference. The current 

study may be used as a pilot study to estimate the sample size for a future larger 

study. 

 

 

 4.2.7     Conclusions  

  

There was no significant difference among groups in the reported fall 

incidence rate post-intervention. The combined physical and cognitive training, 
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however, significantly resulted in lower overall fall risk, improved cognitive function 

and better dynamic balance across time. The physical training alone also leads to 

enhanced cognitive function as well as faster walking speed and stronger lower 

extremity muscles over time. Cognitive training alone did not produce significant 

improvement in cognitive physiological and physical outcomes.  

 

 

Clinical implications 

A community-based rehabilitation programme that combines physical 

exercise with elements of cognitive training is feasible and effective among older 

adults with MCI. Better ways of enhancing attendance and participation in the 

intervention programme and institution of a post-intervention maintenance regimen 

are warranted. 

 

 

Research implications 

A follow-up study needs to be conducted to determine if effects will be 

carried on for a longer period of 12 months post-intervention and if aside from risks 

of falling, the incidence of falling is actually reduced. A qualitative study should also 

be conducted to gather the perceptions of the participants regarding the facilitators 

and barriers in their adherence and compliance with the exercise programme. 
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Chapter 5: 

Summary and Conclusions 
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 A treatment paradigm that could potentially address both cognitive decline 

and risk of falls in MCI is to combine physical exercise and cognitive training. The 

following are the conclusions generated from the studies conducted under the three 

phases of the research project. 

 

5.1 Phase 1: Systematic Review 

 Effect of exercise and cognitive training on falls and fall-related factors in older 

adults with mild cognitive impairment: A systematic review  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There is strong evidence to suggest that exercise as an independent 

intervention improves gait speed and global cognitive function in older adults with 

MCI, both of which are known factors associated with falls. There is equivocal 

evidence on the effect of exercise on memory and executive function in this target 

population. Cognitive training alone did not seem to improve outcomes measures 

on global cognitive function, memory, and executive function in MCI.  

Although there is inconclusive evidence for the use of combined 

interventions to modify global cognitive function and executive function, and no 

evidence that it can improve memory in this specific population, incorporating 

both exercise and cognitive training in the management plan, may reduce falls 

occurrence by improving balance in older adults with MCI. 

It seems that function-related interventions, whether exercise, cognitive 

training or a combination of both and outcome measures that are performance-

based and relevant to daily activities result in more favorable outcomes in older 

adults with MCI. 
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5.2 Phase 2: Cross-sectional Study 

 Fall-related physiological and physical risk factors of community-dwelling older 

adults with and without mild cognitive impairment: A cross-sectional study 

 

 

 

 

 

 

 

 

 

 Cross-cultural adaptation and psychometric properties of the Falls Efficacy 

Scale - International in Filipino community-dwelling older adults 

 

 

 

 

 

 

 

 

 

We found that those with MCI have a higher risk of falling compared to those 

without MCI because of poorer physiological rofile. There are no significant 

differences in terms of dynamic balance and gait speed between those with and those 

without MCI, after factoring age as a covariate. Considering the concomitant 

presence of physical and physiological risks for falls in older adults with MCI, we 

recommended that an intervention study be conducted to determine if combined 

physical exercise and cognitive training will be more effective compared when 

physical and cognitive interventions are singly implemented in addressing the 

cognitive, physical and physiological risks of falling in older adults with MCI.  

 

By following the prescribed multi-stage adaptation protocol, the FES-I F has 

achieved equivalence with the original tool both in the literal and intentional 

meanings. The FES-I F was proven to have high internal reliability, good test-retest 

reliability and confirmed construct validity across physical factors related to falls and 

FOF. FES-I F may now be utilized as a practical tool to measure FOF in Filipino older 

adults. More research is necessary to compare results of older persons living in the 

community to those in nursing home facilities and to establish its value as an outcome 

measure in determining the effectiveness of interventions. 
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5.3 Phase 3: Randomized controlled trial 

 Fall prevention and risk reduction with combined physical and cognitive 

training (falls PACT) in older adults with mild cognitive impairment: A 

randomized controlled study 

 

 

 

 

 

 

There was no significant difference among groups in the reported fall 

incidence rate post-intervention. The combined physical and cognitive training, 

however, significantly resulted in lower overall fall risk, improved cognitive function 

and better dynamic balance across time. The physical training alone also leads to 

enhanced cognitive function as well as faster walking speed and stronger lower 

extremity muscles over time. Cognitive training alone did not produce significant 

improvement in cognitive performance.  

A community-based rehabilitation programme that combines physical 

exercise with elements of cognitive training is feasible and effective among older 

adults with MCI. Better ways of enhancing attendance and participation in the 

intervention programme and institution of a post-intervention maintenance regimen 

are warranted. 

A follow-up study needs to be conducted to determine if effects will be 

carried on for a longer period of 12 months post-intervention and if aside from risks 

of falling, the incidence of falling is actually reduced. A qualitative study should also 

be conducted to gather the perceptions of the participants regarding the facilitators 

and barriers in their adherence and compliance to the exercise programme. 
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Appendix C: 

Ethics approval for the Cross-sectional Study from the Ethics Review Committee of 

the University of Santo Tomas - College of Rehabilitation Sciences, Manila, 

Philippines 





213 

Appendix D: 

Ethics approval for the Randomized Controlled Trial from the Ethics Review 

Committee of the University of Santo Tomas - College of Rehabilitation Sciences, 

Manila, Philippines 
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Appendix E:  

Participant Information Sheet used in the Cross-sectional Study (English version) 
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Appendix G:  

Participant Information Sheet used in the Cross-sectional Study (Filipino version) 
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Appendix I: 

Participant Information Sheet used in the Randomized Controlled Study (English 

version) 
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Appendix K: 

Participant Information Sheet used in the Randomized Controlled Study (Filipino 

version) 
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Appendix M: Sample Search Strategy* 

Using PubMed database 

1. Aged [mh] OR Aging [mh] OR Old* adult* [tw] OR Old* people [tw] OR Old* person*

[tw] OR Aged [tw] OR Aging/ Ageing [tw] OR Elder*[tw] OR Geriatric [tw] OR Senior

citizen[tw] OR Retiree[tw]

2. Mild cognitive impairment [mh] OR Mild cognitive impairment [tw] OR MCI [tw] OR

Subtle cognitive impairment [tw] OR Mild dementia [tw] OR Prodromal dementia [tw]

3. 1 AND 2

4. Exercise [mh] OR Motor activity [mh] OR Tai Ji [mh] OR Cognition [mh] OR Executive

function [mh] OR Attention [mh] OR Exercise [tw] OR Physical activit* [tw] OR

Treadmill training [tw] OR Balance [tw] OR Strength [tw] OR Endurance [tw] OR Tai chi

[tw] OR Function [tw] OR Cognitive training [tw] OR Cognitive intervention [tw] OR

Cognitive stimulation [tw] OR Cognitive rehabilitation [tw] OR Brain training [tw] OR

Mental training [tw] OR Memory training [tw] OR Mnemonic training [tw] OR Executive

function training [tw] OR Attention training [tw]

5. 3 AND 4

6. Placebos [mh] OR Control groups [mh] OR Control [tw] OR No training [tw] OR Health

promotion [tw] OR Routine medical care [tw] OR Placebo [tw] OR Waiting [tw]

7. 5 AND 6

8. Accidental falls [mh] OR Incidence [mh] OR Risk factors [mh] OR Cognition [mh] OR

Executive function [mh] OR Attention [mh] OR Rate of falls [tw] OR Falls rate [tw] OR

Incidence of falls [tw] OR Number of fallers [tw] OR Risk of falls [tw] OR Falls proxy

measures [tw] OR Physiologicalal Profile Assessment (PPA) [tw] OR Falls risk for older

people-Community setting (FROP-COM) [tw] OR Balance [tw] OR Strength [tw] OR

Endurance [tw] OR Gait [tw]

9. 7 AND 8
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Appendix N: Appraisal Instrument* 

MAStARI Appraisal Instrument 

JBI Critical Appraisal Checklist for Randomized Control/Pseudo-Randomized 

Trial 

Reviewer: Date 

Author: Year: Record Number: 

Please put a check (/) or an x mark Yes No Unclear NA Comments 

1. Was the assignment to treatment groups

truly random?

2. Were participants blinded to treatment

allocations?

3. Was allocation to treatment groups

concealed from the allocator?

4. Were the outcomes of people who withdrew

described and included in the analysis?

5. Were those assessing outcomes blind to the

treatment allocation?

6. Were the control and treatment groups

comparable at entry?

7. Were groups treated identically other than

for the named interventions?

8. Were outcomes measured in the same way

for all groups?

9. Were outcomes measured in a reliable way?

10. Was appropriate statistical analysis used?

Total score (10) Yes = 

Overall appraisal: 

 Include (High quality RCTs with at least 7 “yes” responses) 

 Exclude 

 Seek further info 

Comments (including reason for exclusion): 
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Appendix O: Data Extraction Instrument* 

Modified MAStARI Data Extraction Instrument 

JBI Data Extraction Form for Experimental/Observational Studies 

Reviewer: Date 

Author: Year: Record Number: 

Journal: 

Objective/s: 

Shade the appropriate box: 

Study Method 

  RCT   Quasi-RCT   Longitudinal 

  Retrospective   Observational   Others ________________ 

Participants 

Setting: 

Population: 

Mean Age: 

Cognitive Level: 

Sample Size 

Group A Group B Group C 

Shade the appropriate box: 

Interventions    Physical exercise 

  Cognitive Training 

  Combined 

Intervention A Intervention B Intervention C 

Authors’ Conclusions: 

Reviewer’s Conclusions: 
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Study results 

Shade the appropriate box: 

Outcomes 

Outcome Measures 

Continuous (CD) or 

Dichotomous (DD) data 

Intervention Effect 

Positive (+), Negative (-), None (=) 

  Falls rate/incidence 

  Number of falls/fallers 

Falls risks/proxy measures 

  Balance 

  Lower limb muscle 

strength 

  Gait 

  Cognitive function 

  Memory 

  Executive function 

Continuous data = range, score, rate  

Dichotomous data = yes or no; faller or non-faller 

(+) improvement, positive change 

(-) negative effect, reduction in function deterioration 

(=) no change, not significant change 

*Appendices A-C were included in our published work: Lipardo, D. S., Aseron, A. M. C., Kwan, M. M., & Tsang, W. W.

(2017). Effect of Exercise and Cognitive Training on Falls and Fall-Related Factors in Older Adults with Mild Cognitive

Impairment: A Systematic Review. Arch Phys Med Rehabil, 98(10), 2079-2096. doi: 10.1016/j.apmr.2017.04.021
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Appendix P: Falls Efficacy Scale – International in Filipino 
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Appendix Q: Physiological Profile Assessment (PPA) Short Form 
 

 

 

Components Description 

1. visual contrast 

sensitivity 

 use the Melbourne Edge Test (MET)  

 participants are encouraged to wear their usual reading glasses. 

 a response card is used and a response is forced where possible.  

 the lowest contrast patch correctly identified is recorded as the subject’s 

contrast sensitivity in decibel units, where 1 dB_10 log10 contrast. 

 

2. peripheral 

sensation or 

proprioception 

 lower limb matching task primarily involving the knee and ankle joints 

 participants are seated with their eyes closed. They are asked to align their 

lower limbs simultaneously on either side of a vertical clear acrylic sheet 

(60 × 60 × 1 cm) inscribed with a protractor and placed between their legs. 

Error in degrees in matching the position of the great toes was recorded. 

 after 2 practice trials, an average of 5 experimental trials is recorded. 

 participants are allowed to rest between trials 

 

3. Knee extension 

force 

 using a spring gauge attached to the subject’s leg using a webbing strap 

with a Velcro fastener  

 subject sitting in a tall chair with a strap around the leg 10 cm above the 

ankle joint, and the hip and knee joint angles positioned at 90 degrees. 

 strength in kilogram-force is measured in the dominant leg with participants 

seated 

 the best of three trials is recorded. 

 

4. hand reaction time  measured using a visual stimulus and a finger press response;  

 5 practice trials are undertaken, followed by 10 experimental trials. 

 the average of 10 trials is recorded in milliseconds. 

5. postural sway  measured using a swaymeter that measured displacements of the body at the 

level of the waist for a 30-second period 

 one trial of each condition is performed in the order of the difficulty of the 

test: on floor with eyes open, on floor with eyes closed, on foam rubber mat 

(65 × 65 × 15 cm thick) with eyes open, and on foam rubber mat with eyes 

closed. 

 total sway (number of square millimeter squares traversed by the pen) 

anteroposterior and mediolateral sway are recorded for the 4 tests. 
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Physiological Profile Assessment (PPA) Short Form 

 
 

1. visual contrast 

sensitivity (dB) 

 

 

 
 Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 (Average) 

2. peripheral sensation or 

proprioception (degrees) 

      

 

 

 
 Right     Left Trial 1 Trial 2 Trial 3 BEST Trial  

3. Knee extension force 

(Kg) 

    

 

 

 
 Trial  ms 

4. hand reaction time (ms) 1  

5.  2  

3  

4  

5  

6  

7  

8  

9  

10  

Average  

 

 

 
 Eyes Open on Floor *Eyes Open on Foam 

AP ML AP ML 

6. postural sway (mm) 
    

*the only data recorded in the database 
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Appendix R: Physical Activity Scale for the Elderly (PASE) in Filipino 
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Appendix S: Perceived Well-Being (PWB) Scale in Filipino 
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Appendix T: Montreal Cognitive Assessment (MoCA) in Filipino 
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Appendix U: Katz Activities of Daily Living Scale  
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Appendix V Lawton Instrumental Activities of Daily Living Scale  
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Appendix W: Fall History Questionnaire 

Falling is defined as “an inadvertently coming to rest on the ground, floor or lower level, excluding 

intentional change in position to rest in furniture, wall or other objects (natumba, mabuwal, napaupo, 

nahulog ng di sinasadya….) 

 

 FALLS HISTORY 

1. Number of falls in the past 12 months? 

    
   Sa nakalipas na 12 buwan, ilan ang bilang ng 

pagtumba, pagkaupo, pagkabuwal, pagkahulog? 

 Non-faller (wala) 

 1 fall (1 beses) 

 2 falls (2 beses) 

 3 or more (3 o higit pa) 
 

Verified with relative or caregiver?   Yes      No 

 

Location of 

fall*: 

 Indoors (loob ng bahay)  ______________________ 

 Outdoors (labas ng bahay) ______________________ 

 Community (sa komunidad) ______________________  

Presence of 

Injury*: 

 None (wala) 

 Minor, not needing medical attention (maliit na pinsala, hindi kinailangan ang atensyong 

medikal) 

 Minor, needing medical attention (maliit na pinsala, kinailangan ang atensyong medical) 

 Major (fracture, hospitalization) (malaking pinsala, nabaling buto, naospital) 

Time of 

fall*: 

 Day _____________      

 Night ____________ 

Direction of 

fall*: 

 Forward (harap)              

 Backward (likod)              

 Left (kaliwa)                    

 Right (kanan)    

 Down (baba)       

 Unknown (hindi alam/maalala) 

 Others: ___________________ 

Activities 

participated 

in before 

falling*: 

 Coming to standing (pagtayo mula sa pagkakaupo) 

 Sitting down (pag-uupo) 

 Walking (naglalakad) 

 Turning (umiikot, lumiliko) 

 Getting up from bed (pagbangon sa  pagkakakahiga) 

 Stepping over (humahakbang)  

 Negotiating stairs (umaakyat/bumababa sa hagdan) 

 Dressing up (nagbibihis) 

 Taking a bath (naliligo) 

 Unknown (hindi alam/maalala) 

11 Others: ________________________ 

Possible 

causes of 

the fall*: 

 Trip (natisod) 

 Slip (nadulas) 

 Loss of balance (nawalan ng balanse) 

 Knees gave away (bumigay ang tuhod) 

 Fainted (nawalan ng malay) 

 Dizziness (nahilo) 

 Alcohol (nakainom) 

 Meds (dahil sa gamot) 

 Fell out of bed (nalaglag sa kama) 

 Unknown (hindi alam/maalala) 

11 Others: ________________________ 

*for recurrent fallers, the most recent fall is the basis 
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Appendix X: Falls Risk for Older People in the Community (FROP-Com) Screen 

 

A. FALLS HISTORY 

1. Number of falls in the past 12 months? 

    
   Sa nakalipas na 12 buwan, ilan ang bilang ng pagtumba, 

pagkaupo, pagkabuwal, pagkahulog? 

 Non-faller (wala) 

 1 fall (1 beses) 

 2 falls (2 beses) 

 3 or more (3 o higit pa) 

 

Verified with relative or caregiver?    

 Yes      No 

 

B. FUNCTION – ADL Status 

2. Prior to this fall, how much assistance was the 

individual requiring for instrumental activities of 

daily living (e.g. cooking, housework, laundry) 

   
  Bago nangyari ang pagtumba, pagkabuwal, pagkaupo, 

pagkahulog, gaano karaming tulong ang kinakailangan 

para magawa ninyo ang mga pangkaraninwang gawain sa 

araw-araw (gaya ng pagluluto, gawaing bahay, 

paglalaba,trabaho) 
 

 None, completely independent (wala, kayang 

gawin mag-isa) 

 

 Supervision (may makatingin o sumusubaybay) 

 

 Some assistance required (kailangan ng konting 

tulong) 
 

 Completely dependent (kailangan ng tulong para 

magawa) 

C. BALANCE  

3. When walking and turning, does the person 

appear unsteady or at risk of losing balance? 

 Do the TUGT 

 Observe the person standing, walking a few 

meters, turning and sitting. If the person uses an 

aid, observe that person with the aid. Do not 

base on self-report. 

 If level fluctuates, tick the most unsteady rating. 

If the person is unable to walk due to injury, 

score as 3. 

 

 No unsteadiness  observed 

 

 Yes, minimally unsteady 

 

 Yes, moderately unsteady (needs supervision) 

 

 Yes, consistently and severely unsteady 

(needs constant hands on assistance) 

 

 

Total Risk Score =________ 

(A+B+C) 
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Appendix Y: Executive Function Performance Test (EFPT) in Filipino 
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248 

 

  

Appendix Z: EuroQoL-5 Dimensions-5 Levels (EQ-5D-5L) 
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