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Abstract 

Background  Cognitive functioning is an important dimension among the elderly. Cognitive maintenance is vital for 
aging due to its association with autonomy and independence. Considering the importance of preventive programs 
in older adults’ health, this study aims to share an intervention protocol of a falls prevention program for community-
dwelling faller older adults with cognitive impairment.

Methods  This is the protocol of an experimental and longitudinal study, consisting of cognitive stimulation associ‑
ated with physical exercise in a 16-week fall prevention program. For cognitive intervention, the APG Cognitive Train‑
ing Protocol will be used. Participants will be assessed pre-and post-intervention and will be randomly allocated to 
experimental or control groups. The screening protocol is composed of the TUG, FES-I, LAWTON & BRODY, ACE-R, GAI 
and fall survey instruments, focusing on the assessment of balance and mobility, fear of falling, performance on IADL, 
cognitive and anxiety tracking, respectively.

Discussion  This study can determine the long-term effects of multimodal cognitive training, providing evidence for 
its replication in the provision of care for the elderly. The objective is to promote improvements in the cognitive per‑
formance, mobility and balance of the elderly, with a focus on reducing the number of falls, fractures, hospitalizations 
and institutionalization, serving as an alternative to interrupt the cycle of falls.

Trial registration  The research was approved by the Research Ethics Committee with Human Beings at the Federal 
University of São Carlos, CAAE: 3654240.9.0000.5504 and Brazilian Registry of Clinical Trials (REBEC) RBR—3t85fd, regis‑
tered on the 25th of September, 2020.
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Background
According to the World Health Organization (WHO) [1], 
the world is experiencing a rapid and intense change in 
population patterns and the number of older people is 
increasing [2]. Given this scenario, there is a need to pro-
mote adequate care for this population, through strate-
gies to preserve both functional and cognitive capacity 
with main focus on quality of life years [3, 4].

One of the main issues related to old age is the occur-
rence of falls, which may be linked to multiple intrinsic or 
extrinsic factors [5, 6]. According to the WHO [7], a fall 
is an unintentional dislocation that results in the body’s 
transition to a position below the initial level, with an 
inability to correct it in a timely manner. Falls can cause 
fractures, difficulty in performing activities of daily living 
(ADL), health declines, injuries, hospitalizations, insti-
tutionalization, death, and fear of falling again [7, 8]. In 
relation to the years lived with disability (YLDs), acci-
dents due to falls occupy the 16th position among peo-
ple aged 50 to 74 years old and the 8th position among 
people aged 75 years old and over [9]. This highlights the 
great need for monitoring faller older people, preventing 
falls and reducing consequent damages to health. Faller 
older people demand high targeted care from the health 
system, mainly due to their need for care at high levels of 
complexity and specialized services, such as surgical pro-
cedures and hospitalizations. This generates increased 
public health expenses [1, 10, 11]

Cognitive functioning is another important dimen-
sion within older people. Maintaining a good memory 
is vital for aging, due to its association with autonomy 
and independence. Mood disorders, anxiety and social 
isolation may be present in the older people’s life, com-
promising health and favoring cognitive decline. Aging 
can bring functional and cognitive changes. Other com-
mon chronic conditions such as depression and cognitive 
impairment can generate countless losses and possibility 
of accidents such as falling [12].

Cognitive impairment is an important risk factor for 
falls. Older people with cognitive impairment have a 
higher prevalence of falls when compared to cognitively 
preserved older persons [13]. The higher the cognitive 
changes and the falls rate, the worse the performance 
on gait, balance and functionality, which increases risk 
of falls in faller older people with cognitive impairment 
[14–16].

There are several mechanisms available in health and 
social systems that aim at reducing the incidence of falls 
and their risk factors [17, 18]. Among falls prevention 
programs, cognitive stimulation can be used, with var-
ied cognitive domains among methods. In a systematic 
review, the relationship between attention, learning and 
executive function with gait control and occurrence of 

falls was evidenced [16, 19]. Thus, programs that stimu-
late specific cognitive domains can bring more benefits 
on falls data and risk factors for falls in faller older people 
with cognitive impairment.

The main evidence for falls prevention is related to 
physical exercises that challenge balance. However, 
other falls prevention programs still need to be better 
evidenced. The number of falls programs aimed at cog-
nitive stimulation is still low, even after the relationship 
between different domains of cognition, gait and falls 
have been proved [18, 20]. Considering the importance 
of preventive programs in older adults’ health, this study 
aims to share an intervention protocol of a falls preven-
tion program for community-dwelling faller older adults 
with cognitive impairment.

Methods/design
This is a 16-week, longitudinal, quantitative, experimen-
tal, and single-center study. The assessors will be blinded 
for randomization, with evaluation before the beginning 
and after the end of the proposed activities. The cognitive 
stimulation will be conducted by a gerontology under-
graduate student with training and supervision by a ger-
ontologist specialized in the area.

Participants
Recruitment will be conducted through contact with 
health services, network professionals and the Research 
Group’s database, with folders, flyers, cards, pamphlets 
and posters. Social networks, television channels, news-
papers and radio will be also used for disclosure.

The sample will be composed of community-dwell-
ing Brazilian older people aged 60  years old and over. 
Inclusion criteria will be presenting a history of two or 
more falls in the last twelve months, being available for 
interventions and being able to walk alone, using or not 
walking devices. In addition, they should score below 
the cutoff point on the Mini Mental State Examination 
according to years of education [21]. Participants will be 
discontinued from the study if they start another treat-
ment for the management of falls and/or present an 
absence greater than 25% from activities.

Individuals will be excluded from the study if: the 
researcher is unable to make prior contact by telephone 
after three attempts at alternate times and days of the 
week; the volunteer is not able to answer the evaluation 
questionnaires; cancer diagnosis; active inflammatory 
arthritis; having neurological diseases such as stroke, 
advanced Parkinson’s disease (stage 5 of the Hoehn and 
Yahr scale modified and not being in regular use of anti-
parkinsonian drugs) or other neurological disorders; 
uncorrected visual or hearing impairments; and vestibu-
lar system disorders.
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Sample calculation
The sample calculation was performed using the sta-
tistical program G*Power 3.1. Assuming: 1) the type of 
study design (two-way ANOVA); 2) the type I error in 
5% (α = 0.05); 3) the statistical power at 80% (1-β = 0.80); 
4) assuming an effect size of moderate magnitude (0.20); 
and 5) the number of groups and measures, a minimum 
of 42 people must constitute the total sample. Consider-
ing the chance of loss of 20% of the participants, it is esti-
mated a sample of 60 people in total.

Procedures
After inclusion of the sample, the first evaluation will 
take place. After this evaluation, the volunteer will be 
randomized (block randomization process, 1:1 alloca-
tion ratio, by an independent researcher) and sent either 
to the control group (CG) or experimental group (EG). 
The researcher responsible for the training will contact 
him/her and start the period of 16 weeks of intervention. 
After that, the post-test evaluation will take place. After 
the reassessment, a feedback will be scheduled, with the 

goal of informing about participant’s performance in the 
pre and post test.

Intervention
The intervention will initially occur with the randomi-
zation of participants into two groups, namely: EG: falls 
prevention workshop with physical activities and cogni-
tive stimulation. CG: falls prevention workshop (Fig. 1).

Cognitive training assumes a progression in the level of 
cognitive activities. Over the weeks, they permeate vari-
ous stimulated cognitive domains, intensifying levels of 
complexity. Activities that are offered more than once, 
with complementary guidelines, are considered nec-
essary at both levels offered, as they demand more and 
more from the participant and are in line with the pro-
gressive intention of training.

Contact with the volunteer will take place at a period 
agreed between the volunteer and the trainer. The 
first week will also include the presentation of the 
Protocol and the methodology to be applied, with 
spaces to solve questions and other issues that arise 

Fig. 1  Protocol description
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during implementation. A kit of basic materials (e.g. pen-
cil, eraser and glue) will be provided, as well as the exer-
cise book and auxiliary materials for the activities (e.g. 
Tangram, puzzles, colored sticks, etc.).

Each intervention consists of a synchronous call to 
carry out an activity and the details of the activities that 
should be done for the next call. Each activity has illus-
trated examples that facilitate understanding. After com-
pletion, the volunteers must be sent as photographs in 
the communication channel with the responsible trainer. 
When the intervention ends, the participant will be 
reassessed.

The activities were planned and organized to take place 
for 16  weeks, and will be based in the APG Cognitive 
Training Protocol. This protocol consists of a material 
that contains all the activities. Table 1 shows the detailed 
information of each week of intervention.

Weekly description of activities

•	 Week 1: “Colored Balloons”, consisting of writing 
objects with the same colors as the illustrated bal-
loons; “What’s the Word?”, with shuffled letters and 
must be ordered to form a word; “Draw the Story”, 
encouraging the dual task of telling a story and draw-
ing it simultaneously.

•	 Week 2: “What is alike?”, in which a symbol is pre-
sented and all those that are the same should be 
circled; “Complete the Drawing” in which draw-
ings half-hidden must be completed; “In which song 
is that?”, with random words that must be found in 
some song, listing the name of the song.

•	 Week 3: “Count e Paint”, to solve addition and sub-
traction gaps and coloring with the appropriate 
color; “Whose footprint is that?”, with the objective 
of identifying which animal owns each footprint 
and answering 2 questions related to these animals; 
“Complete the sayings”, consisting of 15 proverbs par-
tially written, to be completed.

•	 Week 4: “Find the objects”, in an image full of objects, 
cleaning and hygiene items should be circulated and 
counted; “Do the Drawing” with gaps for the partici-
pant to draw what is requested; “Crossword”, the task 
is to find words vertically and horizontally, in addi-
tion to counting them and describing the relation-
ship between them; “Double Task”, encouraging the 
performance of a 60-s walk, evoking fruit in the first 
attempt and fruit starting with the letter “A” in the 
second.

•	 Week 5: “Copying the Sticks”: 4 images with colored 
lines that must be memorized and replicated with 
colored sticks; “Naming”, to name the images; “Left 
or right?”: 6 figures of human hands are exposed and 

must be judged as left or right, also participants are 
required to write a sentence with the non-dominant 
hand.

•	 Week 6: “Paste the letter” with objects placed next to 
gaps, and the participant must paste the initial letter 
of each one of them; “Write the Objects”, in which 
the figures present in an image with several super-
imposed figures that must be named; “Math and 
Results”, consisting of two columns, one with sub-
traction accounts and the other with results.

•	 Week 7: “Find the Pairs”, with identical objects that 
must be circled in the same colors, in addition to 
answering 3 general questions about the objects; 
“Maze”, to find the way out of the maze; “Paint the 
Pairs”, in which the pairs of slippers must be identi-
fied and customized with the same colors; “Grocery 
store”, with a list consisting of 15 usual market items 
and questions to evoke them, classifying them into 
categories such as hygiene, food and beverages.

•	 Week 8: “Crossword”, with words in horizontal and 
vertical, which must be transcribed; “Painting” in 
which a black and white drawing must be colored, 
with the association of songs being requested while 
the volunteer paints; “Finding the words” in which 
the clues are given, the words must be thought out 
and written.

•	 Week 9: “Finding the Objects”, in which 11 objects 
dispersed in an image must be found; “What’s the 
Contrary?”, with a list of 20 words whose opposites 
must be thought out; “Circle the Rhymes”, in which 
the rhymes in the text must be circled in the same 
color with their pairs, then answer questions about 
the text and create two other rhymes; “Find the Pair” 
with a table of letters whose pairs must be found 
and circled, then think of 2 words that only use the 
unpaired letters and 2 words that do not use any 
unpaired letters.

•	 Week 10: “Copy the Image”, in which a figure must 
be copied to the side; “What’s the time?”, with 9 
clocks, must note the time set by each one; “Circle 
what’s repeated”, finding the pairs of each word, also 
answering if any does not have a pair; “Complete the 
song”, in which a popular song will be displayed with 
gaps to be completed.

•	 Week 11: “Find the mistakes”, with two similar images 
whose differences must be found; “Route” in which a 
course must be made on a squared “map” with barri-
ers, after making the route, it must be narrated; “Find 
the Pairs”, in which scattered letters must be cir-
cled in the same colors as their pairs and then form 
words that do not use the circled letters; “Dual Task”, 
applied again, during the same period and with evo-
cation of animals and then animals with the letter “C”.
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Table 1  Activities to be performed weekly according to the cognitive stimulation booklet

Week Activity Cognitive domain

1 1- Colored Balloons
2- What’s the word?
3- Draw the story

Attention, Memory and Learning, Executive Functioning, Social Cognition, Language

2 1- What is alike?
2- Complete Drawing
3- In which song is that?

Attention, Memory and Learning, Executive Functioning, Perceptual motor, Language

3 1- Count and paint
2- Whose footprint is that?
3- Sing the sayings

Attention, Memory and Learning, Executive Functioning, Social Cognition, Language

4 1- Find the objects
2- Do the drawing
3- Crossword
4- Dual task

Attention, Memory and Learning, Executive Functioning, Language

5 1- Copying the sticks
2- Naming
3- Left or right?

Attention, Memory and Learning, Executive Functioning, Language

6 1- Paste the letter
2- Write the objects
3- Math and results

Attention, Memory and Learning, Executive Functioning, Language

7 1- Find the pairs
2- Maze
3- Paint the pairs
4- Grocery Store

Attention, Memory and Learning, Executive Functioning, Language

8 1- Crossword
2- Painting
3- Finding the words

Attention, Memory and Learning, Executive Functioning

9 1- Finding the objects
2- What’s the contrary?
3- Circle the rhymes
4- Find the pairs

Attention, Memory and Learning, Executive Functioning, Social Cognition, Language

10 1- Copy the images
2- What’s the time?
3- Circle what’s repeated
4- Complete the song

Attention, Memory and Learning, Executive Functioning, Language

11 1- Find the mistakes
2- Route
3- Find the pairs
4- Dual task

Attention, Memory and Learning, Executive Functioning, Language

12 1- Creating words
2- Crossword
3- Maze
4- Connecting the dots

Attention, Memory and Learning, Executive Functioning

13 1- Tangram
2- Finding the mistake
3- What’s next?
4- Filling with the time

Attention, Memory and Learning, Executive Functioning, Perceptual motor

14 1- What’s the intruder?
2- Painting
3- Dual task
4- Folding

Attention, Memory and Learning, Executive Functioning, Social Cognition, Language

15 1- Circle the numbers
2- What’s the relationship?
3- Finding the objects
4- Puzzle

Attention, Memory and Learning, Executive Functioning, Perceptual motor

16 1- Count the images
2- Crosswords
3- Daily activities
4- The colors puzzle

Attention, Memory and Learning, Executive Functioning
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•	 Week 12: “Creating Words”, in which 8 example 
words are given and other words that do not have 
any letter already used in the example word should 
be thought; “Crossword”, applied again with words in 
horizontal and vertical, and questions related to the 
words found; “Maze”, in which the way out of the lab-
yrinth must be found and colored; “Connecting the 
dots”, consisting of 37 dots that must be connected to 
form a pattern.

•	 Week 13: “Tangram” in which the 7 tangram pieces 
were provided and volunteers must replicate the 
images; “Finding the mistakes”, in which the dif-
ferences between the two images must be circled; 
“What’s Next?”, the symbol of the logical sequence 
must be identified and drawn; “Filling with the time”, 
in which the hands of the clock must be placed 
according to the indicated hour;

•	 Week 14: “What is the intruder?”, in which the 
“intruder” word must be selected and justified; 
“Painting”, in which the drawing with gaps must be 
colored, requesting the evocation of the alphabet 
during the painting; “Dual Task”, reapplied during 
the same period and with the evocation of women’s 
names and then women’s names with the letter “M”; 
“Folding”, featuring a step-by-step process for making 
a fold.

•	 Week 15: “Circle the Numbers”, in which, inside a 
table, the numbers must be circled according to the 
coordinates; “What is the relationship?” in which 
the relationship between each trio of words must 
be explained; “Find the Objects”, with 8 objects that 
must be found in the presented image; “Puzzle”, with 
the assembly of a puzzle and questions about it.

•	 Week 16: “Count the image”, in which the indicated 
symbols must be searched for in an image and 
counted; “Crossword”, applied again with words in 
horizontal and vertical, with related questions; “Daily 
Activities”, in which the description of the figures 
with actions must be performed; “Color Puzzle”, con-
sisting of 9 pieces, which must be positioned prop-
erly to meet the requested requirements.

With the completion of this study, it is expected to 
demonstrate the importance of public health actions 
that favor, monitor and encourage the mental and physi-
cal health of older people, which, according to the World 
Report on Aging and Health [1], should be carried out in 
all scenarios, especially in the context of the COVID-19 
pandemic. The research has great relevance also because 
the literature has few studies that detail their protocols 
and serve as a basis for them to be replicated by profes-
sionals in the context of cognitive maintenance for the 
elderly.

Outcomes
The primary outcomes are the risk and incidence of falls, 
as well as cognitive performance. Also, the secondary 
outcomes are balance, muscle strength, mobility, gait 
speed, anxiety, instrumental activities of daily living, 
depressive symptoms, and anxiety.

Assessment
The included participants will be guided and evaluated 
through scheduled interviews, in places that ensure the 
privacy and confidentiality of information. The protocol 
consists of the following screening instruments:

–	 Participant Characterization Instrument—composed 
of questions related to: Identification (name, gen-
der, age); Sociodemographic information (ethnicity, 
education, marital status); Health conditions (use of 
medications, associated diseases, self-perception of 
health, vision, hearing, pain); Basic assessment and 
self-report of falls, including incidence/history, fear 
of falling, description of the environment and previ-
ous fractures.

–	 Timed “Up and Go”—TUG: aims to assess balance 
and mobility. It consists of timing the time taken 
to get up from a chair, walk 3  m (marked on the 
ground), rotate, return the same 3  m and again sit 
leaning against the backrest. The instrument score 
adopted as a risk of falls for elderly Brazilians is 
12.47 s. The modified version of the instrument will 
also be used, associated with the cognitive task, in 
which the elderly person must speak, without stop-
ping, names of animals during the course of the sim-
ple TUG [22, 23].

–	 Short Physical Performance Battery—SPPB: aims to 
assess balance, muscle strength and gait speed. The 
battery is divided into: balance test, which consists 
of remaining standing for 10 s in three different posi-
tions/difficulties; gait speed test, timing and record-
ing the seconds spent to walk 2 times 3 or 4 m, con-
sidering the shortest time between attempts; five 
times standing up from a chair test, performed after 
a pretest of standing up. With partial scores at each 
stage and the participant’s ability/speed to perform 
the activities. The overall cutoff score is the sum of 
the partial scores of the three dimensions, ranging 
from 0–3 (poor performance/disability), 4–6 (poor 
performance), 7–9 (moderate performance) and 
10–12 (good performance) [24].

–	 Geriatric Depression Scale – GDS (15-item version): 
with the objective of verifying depressive symptoms. 
The 15 questions have the answer option “yes” or 
“no”, each question has a score equal to 1. The final 
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score is obtained by the sum of all questions. 0 to 
5 points indicate normality, 6 to 10 points for mild 
depressive symptoms and 11 to 15 points for severe 
depressive symptoms [23, 25].

–	 Falls Effectiveness Scale – International – (FES-I): 
has the purpose of evaluating the fear of falling when 
performing certain external activities and social par-
ticipation. The scores for each question range from 
1 (not at all concerned), 2 (somewhat concerned), 3 
(very concerned), and 4 (extremely concerned). The 
final score is the sum of the scores, ranging from 16 
(no concern) to 64 (extreme concern), with 23 points 
being the cutoff for sporadic falls and 31 points for 
recurrent falls [26].

–	 Assessment of Lawton’s activities of daily living: aims 
at evaluating performance in Instrumental Activities 
of Daily Living (IADL). The instrument has questions 
related to telephone use, shopping, travel, preparing 
meals, housework, using medication and handling 
money. The total score ranges from 0 to 21 points, 
and for each criterion, total need for assistance 
scores 3, partial need scores 2 and no need scores 1. 
The final score equivalent to 7 points is indicative of 
total dependence [23, 27].

–	 Addenbrooke Cognitive Examination—Revised Ver-
sion (ACE-R): aims to evaluate cognitive global func-
tioning. The instrument consists of the Mini Mental 
State Examination (MMSE) and an assessment of 
five cognitive domains, with partial grades, including: 
attention and orientation (0 to 18 points), memory 
(0 to 26 points), fluency (0 to 14 points), language (0 
to 26) and visual-spatial skills (0 to 16 points). The 
final score is composed of the MMSE score (0 to 30 
points) and the evaluation of the domains, obtained 
by partial sums, ranging from 0 to 100, the closer to 
the maximum score, the better the cognitive status 
[28].

–	 Digit Span: aims to examine attention, immediate 
memory and working memory, using the digit repeti-
tion feature in forward and reverse order. The range 
of digits in the forward order checks attention defi-
cit and/or immediate memory (score less than 6), the 
reverse order checks attention deficit and/or working 
memory (score less than 4). The digits are divided 
into seven series, consisting of two to nine digits 
each.

–	 Geriatric Anxiety Inventory (GAI): assesses anxiety. 
Composed by 20 items focused on aspects of anxi-
ety, the answer varies according to whether the indi-
vidual agrees or disagrees with the statements pre-
sented. The score of each answer varies from 0 to 1, 
in positive answers, 1 point is scored. The final score 
is obtained by summing the scores, with 10/11 points 

being the cutoff indicative of the presence of general-
ized anxiety [29].

All adverse effects of the study will be monitored 
through contacts with the participants at all times 
of intervention. Furthermore, all volunteers will be 
promptly assisted by researchers in case of any intercur-
rence that may influence their well-being as agreed in the 
Research Ethics Committee.

Data treatments and statistical analysis
The collected data will be initially entered to an Excel 
spreadsheet. Typing will be performed by two independ-
ent researchers. Then, they will be exported to the Statis-
tica software program, version 7.0.

The Shapiro wilk test will be performed to verify the 
normality of the data and then the intergroup statistical 
analysis (before and after). Descriptive analysis will be 
conducted to characterize the participants’ profile. For 
intergroup analysis, the Mann Whitney test will be used 
for non-parametric data, and the Student’s T test will 
be used for parametric variables. The significance level 
adopted for the statistical tests will be 5% (p ≤ 0.05).

The results will be published for the public and scien-
tific community as articles. Only the researchers who 
took part in the research will have access to the informa-
tion for future publications.

Ethical aspects
Participants will be informed about the study proce-
dures and they must complete an electronic form, the 
Informed Consent Form, consenting their participation. 
The research was approved by the Research Ethics Com-
mittee with Human Beings at the Federal University of 
São Carlos, CAAE: 3,654,240.9.0000.5504 (approved 22 
September 2020) and Brazilian Registry of Clinical Tri-
als (REBEC) RBR—3t85fd (registered 25 September 2020 
https://​ensai​oscli​nicos.​gov.​br/​rg/​RBR-​3t85fd). The infor-
mation of the elderly will be kept confidential, respect-
ing the ethical guidelines. Identification numbers will 
be assigned to ensure the confidentiality of participants’ 
names. The trial will not be stopped in case of futility.

Discussion
Multimodal cognitive interventions consist of a relevant 
alternative in the context of health prevention and pro-
motion due to its methodological flexibility, which is 
able to reach a great number of individuals [30]. Moreo-
ver, when it comes to experimental studies, follow-up 
assessments considerably increase the methodological 
robustness and provide evidence on long-term effects 
of interventions [31, 32]. In this sense, this protocol 
describes a follow-up, experimental study in which a 

https://ensaiosclinicos.gov.br/rg/RBR-3t85fd
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multimodal cognitive intervention is detailed. An inter-
esting aspect of this study is the fact that its participants 
will be able to fill their free time (e.g. periods of inactiv-
ity) with cognitive interventions. In addition to being sig-
nificant for cognitive performance, the literature suggests 
such interventions (i.e. multimodal interventions) cre-
ate bond and motivation for participants’ adherence and 
engagement, which contributes to the effective conclu-
sion [33, 34].

This study will contribute to the scientific literature 
providing evidence on the effects of the practice of a 
multimodal cognitive training intervention within a fall 
prevention program for elderly community fallers with 
cognitive decline. Its execution will provide information 
on whether participants who underwent multimodal 
cognitive stimulation will experience improvements in 
cognitive functions, balance, mobility, and risk of falls 
when compared to a control group in the community. 
It will also seek to assess the consequences of cognitive 
training on gait speed, presence of depressive symp-
toms, and anxiety. Robust evidence in the literature sug-
gests the benefits of cognitive stimulation intervention 
on clinical variables such as cognitive performance [35], 
mobility [36], gait speed [37], and depressive symptoms 
[38]. However little is known about the potential effects 
of cognitive intervention with a multimodal approach in 
a fall prevention program [39]. Also, to the best of our 
knowledge, this is the first study which will analyze the 
proposed intervention for cognitively impaired older 
adults in a fall prevention program, with a follow-up 
assessment.

Another relevant aspect of this study is that tracking 
and monitoring risk factors for falls during the experi-
ment will contribute to a significant and robust mapping 
and understanding of the relationship between the causes 
and consequences of falls. It will also evaluate the effi-
ciency of the cognitive intervention guided by the APG 
protocol and its reproducibility.

The target population of the study represents the age 
group with the highest growth in the current scenario, 
which highlights the importance of interventions that 
focus on maintenance and improvement of mental health 
[40]. In spite of that, one of the biggest challenges in old 
age is the maintenance of cognitive capacity, since indi-
viduals with cognitive decline tend to have negative con-
sequences in their performance of activities of daily living 
(ADL) and independence [41]. In this sense, multimodal 
cognitive interventions also seem to positively impact 
older adults’ ADLs and independence [37, 42].

Interventions through supervised activities also gener-
ate benefits by providing low application costs and high 
comprehensiveness of participants, as well as by requir-
ing less monitoring from family members or caregivers 

[30]. This protocol may support not only researchers, but 
also health professionals in their clinical practice. On the 
same hand, they will be able to benefit both their older 
adult patients and their families/caregivers.

Finally, in a post-pandemic scenario, remote activities 
play increasing roles in the context of telemedicine. It, in 
turn, aims to eliminate physical barriers in the provision 
of care (e.g. distance and transportation to health facili-
ties), and proposes the effectiveness of health promo-
tion, whose focus is on the population [43]. In this sense, 
remote multimodal cognitive interventions are a prom-
ising strategy for improving cognitive functions, as they 
allow the creation of personalized and optimized train-
ing, in a simplified and accessible way, with greater cost 
benefit when compared to traditional interventions [30].

Abbreviations
ACE-R	� Addenbrooke Cognitive Examination—Revised Version
ADL	� Activities of Daily Living
CG	� Control Group
EG	� Experimental Group
FES-I	� Falls Effectiveness Scale – International
GAI	� Geriatric Anxiety Inventory
GDS	� Geriatric Depression Scale
IADL	� Instrumental Activities of Daily Life
MMSE	� Mini Mental State Examination
REBEC	� Brazilian Registry of Clinical Trials
SPPB	� Short Physical Performance Battery
TIG	� Timed “Up and Go”
YLDs	� Years Lived with Disability
WHO	� World Health Organization

Acknowledgements
Special thanks to the Research Group “Laboratory for the Study of Pain and 
Functionality in Aging” (LADORFE) of the Department of Gerontology and 
CNPq Research Group “Functional and Multiprofessional Approach in Geron‑
tology” at the Federal University of São Carlos.

Authors’ contributions
JEA, LNCP, JHA, and KG-S participated in the design and development of 
the study, data management, and provided intellectual contribution to the 
writing of the manuscript. LRP and MJBLC participated in the randomization, 
assessment, and intervention, as well as provided intellectual contribution 
to the writing of the manuscript. All authors read and approved the final 
manuscript.

Funding
This study is funded by the São Paulo Research Foundation (FAPESP), grant 
#2021/01372–5. Study funding includes permanent materials and materials 
that will be used by participants, including blood pressure monitoring devices 
and physical therapy items, as well as a stipend with technical support. This 
funding source had no role in the design of this study and will not have any 
role during its execution, analyses, interpretation of the data, or decision to 
submit results.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This study was approved by the Research Ethics Committee with Human 
Beings at the Federal University of São Carlos, (CAAE: 3654240.9.0000.5504) 



Page 9 of 10Alves et al. BMC Neurology          (2023) 23:107 	

and Brazilian Registry of Clinical Trials (REBEC) (RBR—3t85fd). All participants 
will be asked to consent and sign the term to participate.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 22 November 2022   Accepted: 8 March 2023

References
	1.	 World Health Organization. World report on ageing and health. World 

Health Organization; 2015. https://​apps.​who.​int/​iris/​handle/​10665/​
186463.

	2.	 Rudnicka E, Napierała P, Podfigurna A, Męczekalski B, Smolarczyk R, 
Grymowicz M. The World Health Organization (WHO) approach to 
healthy ageing. Maturitas. 2020;139:6–11.

	3.	 Fernandes-Eloi J, Lourenço JRC. Suicídio na Velhice-Um Estudo de 
Revisão Integrativa da Literatura. CES Psicol. 2019;12:80–95. https://​doi.​
org/​10.​21615/​cesp.​12.1.7.

	4.	 Silva MR, Nierotka RP, Ferretti F. Quedas em idosos: uma realidade compl‑
exa. Rev FisiSenectus. 2019;7(1):1–2. https://​doi.​org/​10.​22298/​rfs.​2019.​v7.​
n1.​5176.

	5.	 Lojudice DC, Laprega MR, Rodrigues RAP, Rodrigues Júnior AL. Quedas de 
idosos institucionalizados: ocorrência e fatores associados. Rev Brasileira 
Geriatr Gerontol. 2010;13:403–12. https://​doi.​org/​10.​1590/​S1809-​98232​
01000​03000​07.

	6.	 Vieira AAU, Aprile MR, Paulino CA. Exercício físico, envelhecimento e que‑
das em idosos: revisão narrativa. Rev Equilíbrio Corporal e Saúde. 2014; 
6(1). https://​doi.​org/​10.​17921/​2176-​9524.​2014v​6n1p%​25.

	7.	 World Health Organization. WHO Global report on falls prevention in 
older age. World Health Organization; 2010.

	8.	 Alves VC, Freitas WCJD, Ramos, JS, Chagas SRG, Azevedo C, Mata LRFD. 
Ações do protocolo prevenção de quedas: mapeamento com a clas‑
sificação de intervenções de enfermagem. Rev Latino Am Enfermagem. 
2017; 25. https://​doi.​org/​10.​1590/​1518-​8345.​2394.​2986.

	9.	 Vos T, et al. Global burden of 369 diseases and injuries in 204 countries 
and territories, 1990–2019: a systematic analysis for the Global Burden of 
Disease Study 2019. The Lancet. 2020;396:1204–22. https://​doi.​org/​10.​
1016/​S0140-​6736(20)​30925-9.

	10.	 Jorge MHPDM, Koizumi MS. Gastos governamentais do SUS com inter‑
nações hospitalares por causas externas: análise no Estado de São Paulo, 
2000. Rev Brasileira de Epidemiol. 2004;7:228–38. https://​doi.​org/​10.​1590/​
S1415-​790X2​00400​02000​12.

	11.	 Abreu DRDOM, Novaes ES, Oliveira RRD, Mathias TADF, Marcon SS. 
Internação e mortalidade por quedas em idosos no Brasil: análise de 
tendência. Ciencia Saude coletiva. 2018;23:1131–41. https://​doi.​org/​10.​
1590/​1413-​81232​018234.​09962​016.

	12.	 Valcarenghi RV, et al. Alterações na funcionalidade/cognição e depressão 
em idosos institucionalizados que sofreram quedas. Acta Paulista de 
Enfermagem. 2011;24(6):828–33. https://​doi.​org/​10.​1590/​S0103-​21002​
01100​06000​17.

	13.	 Lipardo DS, Tsang WW. Effects of combined physical and cognitive 
training on fall prevention and risk reduction in older persons with mild 
cognitive impairment: a randomized controlled study. Clin Rehabil. 
2020;34(6):773–82. https://​doi.​org/​10.​1177/​02692​15520​918352.

	14.	 Bortoli CG, Piovezan MR, Piovesan EJ, Zonta MB. Equilíbrio, quedas e 
funcionalidade em idosos com alteração da função cognitiva. Revista 
Brasileira de Geriatria e Gerontologia. 2015;18:587–97. https://​doi.​org/​10.​
1590/​1809-​9823.​2015.​14057.

	15.	 Cruz DTD, Cruz FMD, Ribeiro AL, Veiga CLD, Leite ICG. Associação entre 
capacidade cognitiva e ocorrência de quedas em idosos. Cadernos 
Saúde Coletiva. 2015;23:386–93. https://​doi.​org/​10.​1590/​1414-​462X2​
01500​040139.

	16.	 Zhang W, Low LF, Schwenk M, Mills N, Gwynn JD, Clemson L. Review 
of gait, cognition, and fall risks with implications for fall prevention in 

older adults with dementia. Dement Geriatr Cogn Disord. 2019;48:17–29. 
https://​doi.​org/​10.​1159/​00050​4340.

	17.	 Agência Nacional de Vigilância Sanitária. ANVISA. Protocolo de Prevenção 
de Quedas. 2013.

	18.	 Sherrington C, Fairhall NJ, Wallbank GK, Tiedemann A, Michaleff, ZA, 
Howard, K, Lamb SE. Exercise for preventing falls in older people living in 
the community. Cochrane Database Syst Rev 2019: 1. https://​doi.​org/​10.​
1002/​14651​858.​CD012​424.​pub2.

	19.	 American Psychiatric Association. DSM-5: Manual diagnóstico e estatís‑
tico de transtornos mentais. Artmed Editora; 2014.

	20.	 Ng CA, Fairhall N, Wallbank G, Tiedemann A, Michaleff ZA, Sherrington C. 
Exercise for falls prevention in community-dwelling older adults: trial and 
participant characteristics, interventions and bias in clinical trials from a 
systematic review. BMJ Open Sport Exerc  Med. 2019;5. https://​doi.​org/​10.​
1136/​bmjsem-​2019-​000663.

	21.	 Brucki SMD, Nitrini R, Caramelli P, Bertolucci PHF, Okamoto IH. Sugestões 
para o uso do mini-exame do estado mental no Brasil. Arq Neuropsiqui‑
atr. 2003;61:777–81. https://​doi.​org/​10.​1590/​1980-​54972​02000​21.

	22.	 Cabral ALL. Tradução e validação do teste timed up and go e sua cor‑
relação com diferentes alturas da cadeira. avalia; 2011

	23.	 Pavarini, et al. Protocolo de avaliação gerontológica - módulo idoso. São 
Carlos: Edufscar; 2015.

	24.	 Lourenço MDA, Roma I, Assis MRD. Correlação entre instrumentos de 
avaliação da funcionalidade e equilíbrio em pacientes com artrite reuma‑
toide. Rev Brasileira de Educação Física e Esporte. 2015;29:345–53. https://​
doi.​org/​10.​1590/​1807-​55092​01500​03003​45.

	25.	 Paradela EMP, Lourenço RA, Veras RP. Validação da escala de depressão 
geriátrica em um ambulatório geral. Rev Saude Publica. 2005;39:918–23.

	26.	 Camargos FF, Dias RC, Dias J, Freire MT. Adaptação transcultural e aval‑
iação das propriedades psicométricas da Falls Efficacy Scale-International 
em idosos brasileiros (FES-I-BRASIL). Braz J Phys Ther. 2010;2010(14):237–
43. https://​doi.​org/​10.​1590/​S1413-​35552​01000​03000​10.

	27.	 Santos RL, Virtuoso JSJ. Confiabilidade da versão brasileira da escala de 
atividades instrumentais da vida diária. Revista Brasileira em Promoção da 
Saúde. 2008;21(4):290–6.

	28.	 Carvalho VA. Addenbrooke\’s Cognitive Examination-Revised (ACE-R): 
adaptação transcultural, dados normativos de idosos cognitivamente 
saudáveis e de aplicabilidade como instrumento de avaliação cognitiva 
breve para pacientes com doença de Al (Doctoral dissertation, Universi‑
dade de São Paulo). 2009. https://​www.​teses.​usp.​br/​teses/​dispo​niveis/​5/​
5138/​tde-​09122​009-​153803/​pt-​br.​php. Acessed 24 Aug 2022.

	29.	 Martiny C, Silva ACDO, Nardi AE, Pachana NA. Tradução e adaptação 
transcultural da versão brasileira do Inventário de Ansiedade Geriátrica 
(GAI). Arch Clin Psychiatry (São Paulo). 2011;38:08–12. https://​doi.​org/​10.​
1590/​S0101-​60832​01100​01000​03.

	30.	 Irazoki E, Contreras-Somoza LM, Toribio-Guzmán JM, Jenaro-Río C, van 
der Roest H, Franco-Martín MA. Technologies for cognitive training and 
cognitive rehabilitation for people with mild cognitive impairment and 
Dementia. A systematic review. Front Psychol. 2020; 11(64).  https://​doi.​
org/​10.​3389/​fpsyg.​2020.​00648.

	31.	 Finnegan S, Seers K, Bruce J. Long-term follow-up of exercise interven‑
tions aimed at preventing falls in older people living in the community: a 
systematic review and meta-analysis. Physiotherapy. 2019;105(2):187–99. 
https://​doi.​org/​10.​1016/j.​physio.​2018.​09.​002. Epub 2018 Sep 20 PMID: 
30846193.

	32.	 Mikolaizak SA, Lord SR, Tiedemann A, Simpson P, Caplan GA, Bendall J, 
Howard K, Webster L, Payne N, Hamilton S, Lo J, Ramsay E, O’Rourke S, 
Roylance L, Close JC. A multidisciplinary intervention to prevent subse‑
quent falls and health service use following fall-related paramedic care: 
a randomised controlled triaL. Age Ageing. 2017;46(2):200–7. https://​doi.​
org/​10.​1093/​ageing/​afw190.

	33.	 Kraft E. Cognitive function, physical activity, and aging: possible biologi‑
callinks and implications for multimodal interventions. Aging Neuropsy‑
chol Cognition. 2012;19(1-2):248–63. https://​doi.​org/​10.​1080/​13825​585.​
2011.​645010.

	34.	 Meyer C, Hill S, Hill KD, Dow B. Inclusive decision making for falls preven‑
tion: a discussion tool for use with people with Dementia and their 
caregivers. J Aging Phys Act. 2019;27(5):711–8.

	35.	 Smulders E, Enkelaar L, Schoon Y, Geurts AC, Valk HVSL, Weerdesteyn V. 
Falls prevention in persons with intellectual disabilities: Development, 
implementation, and process evaluation of a tailored multifactorial fall 

https://apps.who.int/iris/handle/10665/186463
https://apps.who.int/iris/handle/10665/186463
https://doi.org/10.21615/cesp.12.1.7
https://doi.org/10.21615/cesp.12.1.7
https://doi.org/10.22298/rfs.2019.v7.n1.5176
https://doi.org/10.22298/rfs.2019.v7.n1.5176
https://doi.org/10.1590/S1809-98232010000300007
https://doi.org/10.1590/S1809-98232010000300007
https://doi.org/10.17921/2176-9524.2014v6n1p%25
https://doi.org/10.1590/1518-8345.2394.2986
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1590/S1415-790X2004000200012
https://doi.org/10.1590/S1415-790X2004000200012
https://doi.org/10.1590/1413-81232018234.09962016
https://doi.org/10.1590/1413-81232018234.09962016
https://doi.org/10.1590/S0103-21002011000600017
https://doi.org/10.1590/S0103-21002011000600017
https://doi.org/10.1177/0269215520918352
https://doi.org/10.1590/1809-9823.2015.14057
https://doi.org/10.1590/1809-9823.2015.14057
https://doi.org/10.1590/1414-462X201500040139
https://doi.org/10.1590/1414-462X201500040139
https://doi.org/10.1159/000504340
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1136/bmjsem-2019-000663
https://doi.org/10.1136/bmjsem-2019-000663
https://doi.org/10.1590/1980-549720200021
https://doi.org/10.1590/1807-55092015000300345
https://doi.org/10.1590/1807-55092015000300345
https://doi.org/10.1590/S1413-35552010000300010
https://www.teses.usp.br/teses/disponiveis/5/5138/tde-09122009-153803/pt-br.php
https://www.teses.usp.br/teses/disponiveis/5/5138/tde-09122009-153803/pt-br.php
https://doi.org/10.1590/S0101-60832011000100003
https://doi.org/10.1590/S0101-60832011000100003
https://doi.org/10.3389/fpsyg.2020.00648
https://doi.org/10.3389/fpsyg.2020.00648
https://doi.org/10.1016/j.physio.2018.09.002
https://doi.org/10.1093/ageing/afw190
https://doi.org/10.1093/ageing/afw190
https://doi.org/10.1080/13825585.2011.645010
https://doi.org/10.1080/13825585.2011.645010


Page 10 of 10Alves et al. BMC Neurology          (2023) 23:107 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

risk assessment and intervention strategy Research in Developmental 
Disabilities. 2013. p. 2788–98. https://​doi.​org/​10.​1016/j.​ridd.​2013.​05.​041.

	36.	 Moreira NB, Gonçalves G, da Silva T, Zanardini FEH, Bento PCB. Multi‑
sensory exercise programme improves cognition and functionality in 
institutionalized older adults: a randomized control trial. Physiother Res 
Int. 2018;23(2):1708. https://​doi.​org/​10.​1002/​pri.​1708.

	37.	 Pelosin E, Cerulli C, Ogliastro C, Lagravinese G, Mori L, Bonassi G, Mirelman 
A, Hausdorff JM, Abbruzzese G, Marchese R, Avanzino L. A multimodal 
training modulates short afferent inhibition and improves complex 
walking in a cohort of faller older adults with an increased prevalence 
of parkinson’s disease. J Gerontol A Biol Sci Med Sci. 2020;75(4):722–8. 
https://​doi.​org/​10.​1093/​gerona/​glz072. PMID: 30874799.

	38.	 Wilson RS, Mendes De Leon CF, Bennett DA, Bienias JL, Evans DA. Depres‑
sive symptoms and cognitive decline in a community population of 
older persons. J Neurol Neurosurg Psychiatry. 2004;75(1):126–9 PMID: 
14707321; PMCID: PMC1757443.

	39.	 Campbell J, Robertson MC. Rethinking individual and community fall pre‑
vention strategies: a meta-regression comparing single and multifactorial 
interventions. Age Ageing. 2007;36(6):656–62. https://​doi.​org/​10.​1093/​
ageing/​afm122.

	40.	 Pandey NM, Tripathi RK, Kar SK, Vidya KL, Singh N. Mental health promo‑
tion for elderly populations in World Health Organization South-East Asia 
Region: needs and resource gaps. World J Psychiatry. 2022;12(1):117–27. 
https://​doi.​org/​10.​5498/​wjp.​v12.​i1.​117.

	41.	 Acosta CO, Palacio RR, Borrego G, García R, Rodríguez MJ. Design 
guidelines and usability for cognitive stimulation through technology in 
Mexican older adults. Inform Health Soc Care. 2021. https://​doi.​org/​10.​
1080/​17538​157.​2021.​19419​73.

	42.	 Apóstolo J, Dixe MDA, Bobrowicz-Campos E, Areosa T, Santos-Rocha R, 
Braúna M, Ribeiro J, Marques I, Freitas J, Almeida ML, Couto F. Effective‑
ness of a combined intervention on psychological and physical capaci‑
ties of frail older adults: a cluster randomized controlled trial. Int J Environ 
Res Public Health. 2019;16(17):3125. https://​doi.​org/​10.​3390/​ijerp​h1617​
3125.

	43.	 Alhuwail D, Abd-Alrazaq A, Al-Jafar E, Househ M. Telehealth for the geri‑
atric population: uses, opportunities, and challenges. In: Choukou MA, 
Syed-Abdul S, editors. Smart home technologies and services for geriatric 
rehabilitation. 2022. p. 107–22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.ridd.2013.05.041
https://doi.org/10.1002/pri.1708
https://doi.org/10.1093/gerona/glz072
https://doi.org/10.1093/ageing/afm122
https://doi.org/10.1093/ageing/afm122
https://doi.org/10.5498/wjp.v12.i1.117
https://doi.org/10.1080/17538157.2021.1941973
https://doi.org/10.1080/17538157.2021.1941973
https://doi.org/10.3390/ijerph16173125
https://doi.org/10.3390/ijerph16173125

	Effects of a cognitive stimulation program on physical and cognitive dimensions in community-dwelling faller older adults with cognitive impairment: study protocol
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methodsdesign
	Participants
	Sample calculation
	Procedures
	Intervention
	Weekly description of activities

	Outcomes
	Assessment
	Data treatments and statistical analysis
	Ethical aspects

	Discussion
	Acknowledgements
	References


