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Abstract –– Aim: Resistance exercise (RE) is a widely accepted strategy to counteract the effects of aging and chronic 
diseases on health-related outcomes. Studies have been suggested that RE improves brain and cognitive health. RE 
with unstable devices (REI) is a neuromotor complexity strategy with the potential to improve strength, power, and 
balance in onder adults, however, their effects on neurocognitive function in individuals at risk of cognitive decline 
are poorly understood. Thus, we describe the REI study protocol, a randomized clinical trial design to assess the 
effects of 12-weeks of REI and RE on neurocognitive functions in older adults with subjective cognitive complaints. 
Methods: The sample will consist of individuals (aged 65 or older) with subjective cognitive complaints, who will be 
randomized in one of three experimental groups: control, RE or REI. Participants of the RE group will receive 12-weeks 
of progressive resistance training (seven exercises structured into 3 sets of 10-15 repetitions maximum, three times per 
week). Participants of the REI group will receive the same RE protocol performed on unstable devices that promote 
progressive instability. The control group received a health education program. The primary outcome is a composite 
score of neurocognitive functions. Secondary outcomes include each separately neurocognitive domain, functional 
performance, balance, falls-related parameters, cardiovascular and mood variables. The study results will provide 
information to design a future and larger preventive trial on populations at risk of cognitive decline and dementia, 
which is imperative in public health terms. Trial registration: Brazilian registry of clinical trials number RBR-4kqs22.
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Background

Dementia is a neurodegeneration syndrome associated with 
deterioration of cognitive health and functional activities. It is 
estimated that 35.6 million people lived with dementia in 2010 
and projections for 2050 indicate that approximately 115.4 
million people will be affected by this clinical condition1. 
Therefore, reducing the dementia burden has been a public 
health challenge.

Subjective cognitive decline is an established dementia risk 
factor2. Pharmacological strategies to ameliorate the cognitive 
impairment have demonstrated low efficacy in clinical populations 
with cognitive decline3, whereas non-pharmacological strategies 
based on behavioral changes including exercise4,5 have been 
shown to be a promising alternative to attenuate the deleterious 
effects on physical and cognitive health-related outcomes in 
people at risk of cognitive impairment.

Progressive resistance exercise (RE) programs have been 
widely recommended for the geriatric population due to its 
health benefits including gains and maintenance of strength, 
and muscle mass, bone components, functional performance, 
cardiometabolic health and fall prevention6. Evidence has also 
suggested that progressive RE programs can provide benefits 
in neurocognitive and brain function in healthy7-9 individuals 
and those with cognitive impairment10. For instance, in the 
SMART study, Fiatarone et al.10 found improved cognition after 
a progressive RE in older adults with mild cognitive impairment, 
which might represent a potential adjuvant non-pharmacological 
strategy for the prevention and treatment of neurocognitive 
disorders.

Additionally, studies have highlighted activities that 
require elevated neuromotor complexity11-14 are associated 
with better clinical and health indicators, including cognitive 
outcomes. In this line, RT associated with unstable devices 
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(as called Resistance Exercise with Instability – REI) 
is considered a strategy to promote greater neuromotor 
complexity, because it requires an elevated neuromotor 
and cognitive demand. A meta-analysis15 showed that REI 
protocols are effective to promote gains in strength, power 
and balance of older adults. To our best knowledge, only one 
study14 tested the effects of REI on neurocognitive function. 
In this study, Silva-Batista et al14. showed significant 
improvements on Montreal Cognitive Assessment (MoCA) 
scores after 12-weeks of REI (mean difference = +6 points) 
in patients with Parkinson Disease compared with control 
group. Moreover, the proportion of patients classified with 
probable cognitive impairment (cut-off point <26) reduced 
by approximately 80%, which favors the argumentation of 
this exercise strategy can be potentiated RT-induced gains 
in individuals with cognitive impairment.

Considering that cognitive and functional declines 
during the aging process may be potentiated in the older 
adults cognitively impaired16 and associated with poor 
health-related outcomes, it is postulated that the use of REI 
represents a valuable way to prevent and even attenuate 
the deleterious effects on cognitive health in this subgroup. 
Thus, our aim will be to assess the effects of 12-weeks of 
REI and RE on neurocognitive functions in elderly with 
subjective cognitive complaints. Our hypothesis is that, 
compared with control group, REI significantly improve 
neurocognitive functions.

Methods

Experimental design

This study will involve a proof-of-concept randomized 
clinical trial with parallel groups. The study will have a total 
duration of 12-weeks with two evaluation periods. The baseline 
procedures will involve: 1) pre-participation screening; 2) 
evaluation of primary and secondary outcomes. Subsequently, 
participants will be assigned to perform, on a random basis, 
REI or RE or health educational, stretching and relaxation 
activities. After 12-weeks the evaluations of the outcomes 
will be repeated. The experimental design and is presented 
in Figure 1.

Figure 1. Experimental design and timeline of REI study.

Participants, eligibility criteria e recruitment

Community-dwelling older adults with subjective cognitive 
complaints (i.e. memory and/or attentional complaints) will 
participate of the study. The eligibility criteria will be: i) aged 
65 and older; ii) physically inactive (no structured exercise 
classes in the last 3 months); iii) MoCA score lower than 26 
points; iv) absence of clinical conditions or unstable disease that 
contraindicates supervised exercise based on medical judgment; 
v) no previously diagnosed cerebrovascular, neurological or 
psychiatric disease; and vi) have sufficient visual and hearing 
capacity to complete cognitive assessment protocol.

Study participants will be recruited between 2018 July and 
August through local advertising (TV & radio, newspaper and 
business ads), social media, email invitations, direct contact with 
participants from previous studies, health services, community 
programs for the elderly and verbal communication.

Ethics and Consent to Participate

The study will be conducted under the Declaration of Helsinki 
principles and it was approved by the Ethics and Research 
Committee of the University of Pernambuco (CAAE protocol: 
81016817.7.0000.5207). All participants will sign a written 
informed consent before baseline assessments. All stages of 
this study are in accordance with the recommendations of the 
Standard Protocol Items: Recommendations for Interventional 
Trials (SPIRIT).

Randomization and blinding

The randomization of participants will occur at the end of 
the baseline assessments in a 1:1:1 fashion through a sequence 
of randomly permuted blocks, stratified by sex and age, which 
will be generated by an independent researcher.

Given the nature of the interventions studied, therapists and 
patients, double blinding will be not possible. However, the 
evaluator and the statistician will not know to which group the 
subjects evaluated will belong. All participants will be instructed 
not to disclose what type of treatment they were receiving.

Sample size calculation

This is the first study to investigate the effects of REI on the 
neurocognitive functions of the elderly with subjective cognitive 
complaints, which limits a formal analysis for calculating the 
sample size. However, based on the results of different meta-
analyzes17,18, we used the following criteria for sample size of the 
study: effect size= 0.20, alpha= 5%; power= 80%. From these 
estimates, a minimum number of 66 individuals (22 per group) 
will be recruited. Anticipating eventual losses and withdrawals 
in intervention groups, the sample will be inflated by 15%, 
totaling 25 individuals per study arm (n=75).
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Intervention groups

Health education control group – Participants from the 
control group will hold a weekly group meeting in order 
to provide health education activities including lectures on 
prevention and treatment of chronic diseases, discussions 
on the importance of maintaining a healthy lifestyle, as 
well as stretching and relaxation classes. This model of a 
control group is based on previous studies17 and has been 
recommended as a strategy to control the socializing effect 
of exercise-based interventions.

Resistance exercise group – The RE program will be 
performed over 12 weeks (3 times per week) on alternate 
days. The training program will consist of 7 exercises for 
the main muscle groups (Squat, dumbbell press, leg press, 
paddled on the pulley, pelvic elevation, plantar flexion, and 
abdominal exercises) performed at the same time of day. 
The prescription will involve three fixed sets and repetitions 

ranging from 10-15 repetition maximum (RM), with the 
technique of movement performed correctly. With abdominal 
exercises, the prescription will involve the execution of 
three sets of 15-30 repetitions or isometric contractions 
ranging from 10-30 seconds. The recovery interval between 
the sets, in each exercise, will be from 60 to 90 seconds, 
and between exercises from two to three minutes. The 
training progression and adjustment of training loads will 
be performed according to the American College of Sports 
Medicine recommendations19.

Resistance exercise with instability group – The REI 
group will perform the same training program as the RE 
group, however, instability equipment (i.e. BOSU® ball, 
balance disc, and physio ball) will be included. During the 
intervention, the degree of postural instability in the exercises 
will progress as the individual improves his balance and/or 
muscle strength quickly20. The Table 1 shows a summary of 
the REI protocol.

Table 1. REI training protocol.

Exercises Weeks Devices Description Training periodization
All 1-4 Absent RE group protocol

3 sets
10-15 reps
Δt sets: 60s

Δt exercises: 120s

Abdominal:
15-30 reps

Squat

5-8

Balance disc
Physioball

Balance disc between feet and ground; Physioball 
between back and wall

Bench press* Balance disc Head, scapular waist and hip on Balance disc
Leg press Balance disc Feet supported on Balance disc
Paddling Physioball Sitting on the Physioball and feet on the floor
Pelvic elevation Balance disc Bilateral feet supported on Balance disc
Plantar flexion and dorsiflexion Standing plantar flexion and dorsiflexion
Abdominal Abdominal plus plank frontal exercise

Squat

9-12

BOSU®

Physioball
BOSU® between feet and ground; Physioball between 
back and wall 3 sets

10-15 reps
Δt sets: 60s

Δt exercises: 120s

Abdominal:
15-30 reps and 10-30s

Bench press* Balance disc Head, scapular waist on Balance disc
Leg press Balance disc BOSU® between the feet and the machine

Paddling Physioball
Balance disc

Sitting on the Physioball and Balance discs between 
the feet and the floor

Pelvic elevation Balance disc Unilateral feet supported on Balance disc
Plantar flexion and dorsiflexion Standing plantar flexion and dorsiflexion
Abdominal Physioball Abdominal plus plank frontal exercise

*Dumbbell assistance.

Adverse events monitoring

The adverse events monitoring will be carried out monthly 
and obtained through face-to-face or telephone interview. 
The presence of adverse events will include worsening 
of health status or the appearance of musculoskeletal and 
cardiometabolic problems related to the intervention protocol.

Pre-participation screening

Demographic data, medical history, medication and 
supplement use (i.e. vitamin D), anthropometric measurements  

 
 
will be obtained. Instrumental and basic activities of daily living 
will be assessed using the self-report Lawton-Brody21 and Katz22 
scales, respectively. The individuals with probable cognitive 
impairment will be assessed by the Brazilian version of the 
MoCA23 (scores <26 points on a score ranging from 0 to 30).

Outcomes

The table 2 summarizes the primary and secondary outcomes 
of the REI study.
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Table 2. REI study outcomes summary.

Outcomes Methods Baseline Post-12 weeks
Primary

Neurocognitive functions Composite score ● ●
Secondary

Neurocognitive domains Montreal Cognitive Assessment ● ●
Stroop task ● ●
Trail Making Test Part A & B ● ●
Digit Span Backward & Foward ● ●
Digit Symbol Coding Test ● ●
Verbal fluency ● ●
Time up & go with cognitive demand ● ●
Logical memory ● ●

Functional performance Muscle strength ● ●
Short Physical Performance Battery ● ●
Six-minute walking test ● ●
Time up & go without cognitive demand ● ●

Balance Force plate ● ●
Falls-related parameters Fall history ● ●

Fear of fall ● ●
Cardiovascular parameters Blood pressure ● ●

Cardiac autonomic modulation ● ●
Mood Depression symptoms ● ●

Primary outcome

The composite score of neurocognitive functions

The study will evaluate different neurocognitive domains 
through validated neuropsychological tests including: MoCA, 
Stroop Color Task, Trail Making Test Part A & B, Digit Span 
Backward & Forward, Digit Symbol Coding Test, Time up & 
go with cognitive demand, Verbal fluency (animal and naming), 
and Logical memory (immediate and delayed recall). To evaluate 
the primary outcome, we will use a composite score of these 
neurocognitive functions from the sum of the data reduction 
obtained in each neuropsychological test for z-values. This 
strategy has been widely used in clinical studies that analyzed 
the effects of therapeutic interventions on the cognitive health 
of elderly people at risk of dementia24,25.

Secondary outcomes

Global neurocognitive function domain

The global cognitive function will be assessed by the Brazilian 
version of the MoCA23. The MoCA is a cognitive screening tool 
composed of 12 individual tasks, which enables assessment of 
eight different cognitive tasks. The average completion time for 
the MoCA is approximately 10 minutes and its score ranged from 
0 to 30 points with a higher score of reflecting better cognition.

 
Executive function, processing speed, and attention 
domains

Stroop color task – The selective attention and conflict 
resolution will be carried out by a computerized Stroop color 
task26. This test version consists of three phases: the first 
(congruent) and second (neutral) phases are control conditions 
(i.e., indicate the ink color of a rectangle; indicate the color 
word that appears in white ink), and the last phase includes the 
incongruent trials (i.e., indicate the ink color of color words). 
Selective attention and conflict resolution will be calculated 
as the mean difference in reaction time between incongruent 
and neutral phase responses.

Trail making test part A & B – The trail making test (TMT)27 

consists of two parts (A and B) where the time required to 
complete each part is used as a measure of executive functioning 
and processing speed. In part A, the participant must draw a 
line that connects consecutive numbers from 1 to 25. In part 
B, the participant must draw a line that connects numbers and 
letters alternately and in ascending order.

Digit span forward & backward – The evaluation of 
attention and working memory will be performed by testing 
the digit span forward & backward28. Both consist of generating 
sequences of random numbers that begin with three digits 
and gradually increases to the maximum of nine digits. In 
the forward version, the participant task is to repeat each 
sequence in the same order (direct), whereas in the backward 
version, the task is to repeat each sequence in reverse order. 
The final score is based on the number of successful sequences, 
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ranging from 0 to 14 (higher scores indicate better attention 
and working memory).

Digit symbol coding test – In this test, participants will receive 
a paper with a sequence of numbers (1 to 9) and corresponding 
symbols (at the top) and a random sequence of numbers and 
empty boxes to fill (at the bottom). The test consists of filling in 
the largest number of empty boxes with a symbol corresponding 
to each number. The time to perform the test is 120 seconds and 
the score is determined by the number of correctly completed 
number symbol matches.

Language domain

Semantic and phonological verbal fluency – The language 
domain will be evaluated by the semantic and phonological 
verbal fluency test29. This test allows to evaluating the number of 
words spontaneously evoked orally for one minute (by category). 
In the semantic category, the participants will be requested 
to speak the greatest number of animal names, while in the 
phonological category, the greatest number of words beginning 
with the letters F, A and S.

Memory domain

Logical memory – The memory domain will be evaluated 
from the immediate and delayed logical memory of the Wechsler 
Memory Scale (WMS-IV)30. Briefly, two different stories are read 
once to the participant, and later it is asked to verbally evoke any 
information that is remembered. The evaluator collects the amount 
of recall and thematic units (immediate recall). After an interval 
of 30 minutes, the participant is asked to describe any information 
remembered from the first and second story. In the absence of 
recall, a standard tip is made available. Finally, the scores of the 
recall and thematic units are again recorded (delayed recall).

Dynamic, isometric and isokinetic strength

The estimation of dynamic muscle strength will be assessed 
by a maximal repetition test (1-RM) for the lower limbs (leg 
press exercise)31. Three sessions will be held at the same time of 
day with a 48-hour interval between sessions. The load recorded 
as 1-RM will be one in which it is possible to perform a single 
maximal voluntary action in the concentric and eccentric phases. 
A trained evaluator will conduct the evaluations, using consistent 
and standardized recommendations.

The maximum voluntary isometric contraction (MVIC) 
will be obtained with a hand-held dynamometer adjustable 
and calibrated with a scale of zero to 100 kgf, following the 
previously described procedures and recommendations32.

The assessment of isokinetic quadriceps strength will be 
measured using an isokinetic dynamometer (Kin-Com Model 
125E, version 3.2; Chattanooga, TN)33. The maximum quadriceps 
strength will be defined as the peak torque produced in two sets 
of five consecutive measures of concentric force on the knee 

extension (both legs) using a protocol with an angular velocity of 
60 degrees per second adopting an interval of two to five minutes 
between attempts. To avoid compensatory movements during the 
evaluation, belts around the trunk and pelvis will be attached to 
the seat as described in the manufacturer’s recommendations.

Functional performance and balance

Six-minute walking test – Briefly, the test34 consists of a 
walk along a 30-meter corridor where the participants will be 
encouraged to “walk at their usual pace for six-minutes and cover 
as much ground as possible” and rest, if and when necessary. At 
the end of each minute, participants received feedback on the 
elapsed time and standardized encouragement in the form of 
statements will be utilized by the same researcher. Total walking 
distance will be defined as the maximum distance completed at 
the end of six minutes.

Short physical performance battery – The test35 is composed 
of five tests that allow to evaluating the balance, gait, strength/
endurance of lower limbs. The total score obtained by the sum 
of the scores of each test allows values between zero and 12 
points, with zero and 12 points reflecting the worst and best 
functional performance, respectively.

Time up & go without and with cognitive demand – The 
time up & go36 measures the time the participant needs to 
get up from a chair, walk to a line that will be 3 meters from 
the ground, walk around it (180 degrees) and return and sit 
back in the chair. The time up & go with cognitive demand37 
will be performed using the same procedures adopted in the 
previous protocol, but the participants will be asked to perform 
a cognitive task (i.e. a random subtraction operation).

Balance – Static balance evaluation will be performed 
using a force platform38. The participants will remain statically 
on the platform in the supports: bipodal, semi-tandem, and 
unipodal dominant side, all performed with eyes open and 
closed. Each exam will be done three consecutive times, in a 
randomized manner. In the present study, the amplitude data 
of the displacement of the center of pressure (CoP) in the 
anteroposterior, medial-medial direction and total mean velocity 
of CoP displacement will be analyzed.

Fall related-parameters

The history and incidence of falls will be evaluated by means 
of self-report (history of fall in the last year) and face-to-face 
or telephone interviews that will be performed twice a month 
during the intervention. In accordance with a previous consensus, 
fall as an unexpected event in which participants came to rest 
on the ground, floor, or lower level39.

To evaluate the concerns about falling, the validated and 
translated version of Falls Efficacy Scale-International40 will be 
used. This instrument encompasses questions about the concerns 
about falling when performing 16 activities with scores ranging 
from one to four. The total score can range from 16 (without 
concern) to 64 (extreme concern).
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Cardiovascular parameters

Blood pressure – All procedures for the measurement of 
blood pressure (BP) will follow the recommendations of the VII 
Brazilian Guidelines on Hypertension41. The BP measurement 
will be performed in triplicate through a digital monitor (HEM-
742INT, Omron, Brazil).

Cardiac autonomic modulation – Cardiac autonomic 
modulation will be assessed by heart rate variability (HRV) 
analysis42. Participants will remain at rest for 15 minutes and 
during the same period, the R-R intervals will be continuously 
recorded by means of a validated heart rate monitor (Polar V800). 
The analysis of the cardiac autonomic modulation indicators will be 
performed through the Kubios HRV program, and the information 
will be interpreted from the time and frequency domains.

Mood

The symptoms of depression will be assessed through the 
short version of the Geriatric Depression Scale43. The presence 
of depressive symptoms will be defined from the five or more 
symptoms in the 15 items or the equivalent for those participants 
who respond from 10 to 14 responses.

Time schedule

The provisional schedule of the REI study is described 
in Table 3. The study will have a total estimated duration of 
2 years.

Table 3. Provisional calendar for the REI study.

Funding year
2017 2018 2019

Sept-Dec Feb-May Jun-Dec Feb-May Jun-Dec
Activity

Study setting up ● ●
Research team training ● ●
Project disclosure ● ●
Volunteers recruitment ●
Baseline assessments ●
Interventions ●
Close-out assessments ●
Data analysis ● ● ●
Publications ● ● ●

Statistical analysis

First, exploratory analyses will be performed to verify the 
distribution of variables, identification of outliers, missing data, 
and asymmetries. The effects of the intervention on outcomes 
of interest will be analyzed by mixed generalized linear models, 
considering the groups (REI, RE, and control) and time (baseline 
and post-12 weeks) as fixed factors and the individual as a 
random factor. When differences are detected, the Sidak post 
hoc will be used for multiple comparisons. The intention-to-treat 
analysis will be applied.

All statistical procedures will be performed by an independent 
researcher (blinded for interventions) using SPSS software 
version 22 (IBM SPSS Corporation, New York, USA). The 
significance level adopted will be 5%.

Discussion

The REI study is a proof-of-concept randomized clinical trial 
elaborated to analyze and compared the efficacy of 12-weeks 
REI and RE on neurocognitive outcomes of older adults with 
subjective cognitive complaints.

RE programs have benefits not only in terms of strength and 
body composition6 but also for cognitive and brain health in 
both healthy and cognitive impaired older adults individuals5,17, 
and therefore, their use should be recommended to counteract 
the deleterious effects of aging as well as the chronic diseases 
that are highly prevalent in this stage of lifespan.

More recently, studies that combined RE with unstable 
devices protocols have been used in preventive44 and therapeutic 
contexts12, as a strategy of elevated neuromotor complexity 
with potential to promote positive gains in the health-related 
outcomes. A recent meta-analysis15 demonstrated that the REI 
improves muscle strength, power and balance of the older 
adults45, whereas, in clinical populations, this exercise mode 
strategy was able to improve the cognitive functions of patients 
with Parkinson’s disease14. In this line, it is reasonable to 
hypothesize that REI is an approach that will also promote 
beneficial changes in the neurocognitive function in subjective 
cognitive complaints people.

The results obtained from the REI study will aid to 
the understanding of the effects of RE and REI on the 
neurocognitive functions of the older adults with subjective 
cognitive complaints, a population at risk for decline in the 
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cognitive and functional phenotypes. In addition, the REI 
study will provide information for further larger clinical trials.

Availability of data and materials

Data and materials sharing are not applicable to this study 
protocol article as no datasets were analyzed during the current 
article. However, in agreement with the current tendencies 
for the sharing and dissemination in science, the data will be 
available to outside investigators at the end of the study and 
the main findings will be published in peer-reviewed Journals 
as well as presented at national and international conferences. 
Additionally, the results will be released to all participants.
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