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ABSTRACT:  

Introduction: World population has an increased risk of developing basic neurological deterioration 

and mild cognitive impairment (MCI). Currently, there is no cure or disease-modifying drug for MCI. 

Thus, non-pharmacological interventions such as physical activity (PA) and behavioral activation (BA) 

arise as potential treatment options. This study will assess if a program of combined PA and BA 

(PABA) reduces disease progression in patients over 60 years old with MCI. 

Methods: This is a randomized, controlled, phase II, parallel, single-blinded, multicenter, superiority 

trial with two groups. In total, 184 patients will be randomized at a 1:1 ratio and stratified by age, center, 

and level of education via permuted block sizes to receive: 1) a combination of moderate-to-high in-

tensity PABA or 2) sham intervention (low-intensity PA) plus psychological support (active control). 

The primary outcome will be a change in cognitive function assessed by Montreal Cognitive Assess-

ment (MoCA) from baseline to 12 months. Secondary outcomes include changes in MoCA at 3, 6, and 

9 months. Furthermore, at 0, 3, 6, 9, and 12 months, subjects will be tested with the Barthel Index, 

Short-Form 12 Health Survey (SF-12), and Geriatric Depression Scale (GDS-15). 
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Conclusion: The study aims to refine treatment options for MCI and uncover directions for different 

therapeutic approaches. This will be the first randomized clinical trial to establish the efficacy of PABA 

compared to active control in the progression of MCI. This study could optimize MCI treatment and 

help alleviate patients, families, and the healthcare system. 

Keywords: Cognitive Impairment, Exercise, Physical Activity, Behavioral Activation, Study Protocol, 

Study Design 

 

DOI: http://dx.doi.org/10.21801/ppcrj.2022.83.2 

 

Introduction 

The number of individuals at advanced ages is in-
creasing globally. Patients older than 65 have a greater 
risk of developing basic neurological deterioration, 
memory loss, and functionality-related disorders such 
as mild cognitive impairment (MCI) (Stanton, 2011). 
MCI was first defined in 1988 as an early stage of cog-
nitive decline in individuals who maintain the ability to 
independently perform most activities of daily living 
(Reisberg et al., 1988) (Tangalos & Petersen, 2018). 
Symptoms related to MCI include memory loss, lan-
guage problems, lower attention, problem-solving dif-
ficulties, and difficulties with planning or completing 
complex tasks (Petersen, 2016). Roughly 5-17% of pa-
tients with MCI progress to dementia annually (Jong-
siriyanyong & Limpawattana, 2018), leading to further 
functional deficits, demanding assistance with at least 
one activity of daily living, and increasing costs and the 
likelihood of hospitalization (Horr et al., 2015). 

Currently, there is no cure or disease-modifying 
drug for MCI. Thus, nonpharmaceutical interventions, 
such as physical activity (PA) and behavioral activation 
(BA), present potential treatment options (Horr et al., 
2015). The beneficial effects of PA on cognition have 
been documented in several previous studies 
(Okumiya et al., 1996) (Satoh et al., 1995), although the 
results are inconsistent. Observational and experi-
mental studies have suggested that exercise may be 
protective against Alzheimer's disease and dementia; 
however, there is not enough evidence regarding exer-
cise's effect on patients with MCI (Karssemeijer et al., 
2017). On the other hand, BA is a psychological inter-
vention that has shown certain benefits for preventing 
cognitive decline (Rovner, 2018). BA focuses on how 
someone's environment shapes their actions and men-
tal status by promoting a systematic approach to stim-
ulate certain behaviors, increasing pleasure and mean-
ing, replacing unhelpful behaviors, and improving re-
lationships with positive emotional and mental states 
(Hopko et al., 2015). However, as promising as these 
approaches may be, no previous studies have evaluated 

the effects of PA and BA (PABA) on slowing disease 
progression in MCI (Tangalos & Petersen, 2018) 
(Jongsiriyanyong & Limpawattana, 2018). Therefore, 
this study will assess the combination of PABA as  
multimodal therapy for 12 months, seeking to reduce 
disease progression in elderly retired/unemployed pa-
tients aged over 60 years old with MCI when compared 
to active controls. 

Materials and Methods 

Trial Design 

The ExCITE-BA trial will be a randomized, con-
trolled, phase II, parallel, single-blinded, multicenter 
(general hospitals, universities, and community-based 
clinics specializing in senior health and/or geriatric 
care), superiority trial with two groups. In total, 184 
patients will be randomized at a 1:1 ratio and stratified 
by age, center, and level of education via permuted 
block sizes to receive: 1) a combination of moderate-
to-high intensity PABA or 2) sham intervention (low-
intensity PA) plus psychological support (active con-
trol). The primary outcome will be a change in cogni-
tive function assessed by Montreal Cognitive Assess-
ment (MoCA) from baseline to 12 months. Secondary 
outcomes include changes in MoCA and other tests 
such as Barthel Index, Short-Form 12 Health Survey 
(SF-12), and Geriatric Depression Scale (GDS-15). 
This study's methodology will comply with the Code 
of Ethics of the World Medical Association (Declara-
tion of Helsinki). 

Randomization 

Participants will be assigned to either group ac-
cording to a 1:1 ratio. They will be stratified by age, 
center, and level of education via permuted block sizes 
(4 to 6 subjects per block) with randomly-generated 
treatment allocation via the http://www.randomiza-
tion.com website, which is an IWRS (interactive web 
randomization system). Hired professionals from out-
side the trial will perform this process, and there will 
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be no disclosure of randomization assignments or 
block sizes to principal investigators, outcome asses-
sors, or data analysts. To reduce predictability of the 
random allocation sequence, details of blocking will be 
provided to those hired professionals in a separate 
document and kept unavailable to professionals from 
inside the trial. All patients who consent to participate 
and fulfill the inclusion criteria will be randomized. 
Randomization will be requested by the staff member 
responsible for recruitment in each center. 

Blinding 

Outcome assessors and data analysts will be 
blinded. They will not be informed about the random-
ization sequence or group allocation. Patients will be 
asked not to reveal details of their interventions to out-
come assessors. If participants experience the side ef-
fects of PA (such as muscle soreness), unblinded clini-
cians will be able to address these effects without un-
blinding outcome assessors or data analysts. In case of 
bone fractures or other potential health-threatening 
side effects of PA, discontinuation of the trial will be 
immediately implemented. 

Participants 

Patients over 60 years old, retired or unemployed, 
who live in their own homes (not at nursing homes) 
and are diagnosed with MCI (MoCA score between 18 
and 25) will be included. Exclusion criteria will be: liv-
ing in assisted-care facilities, using medications that 
may frequently alter cognitive function (risk higher 
than 20%, as listed in the medication's product label) 
and/or performing more than 150 minutes of moder-
ate-intensity or 75 minutes of vigorous aerobic exer-
cise, as recommended by the WHO for the elderly 
population (World Health Organization [WHO], 
2010). Patients with an acute or chronic psychiatric dis-
order, primary or secondary brain tumors, recent cere-
brovascular events (within the last 12 months), recent 
head trauma (within the last 12 months), or any comor-
bidities limiting their ability to engage in PA will be ex-
cluded. There will be no specific eligibility criteria for 
study centers. 

Recruitment Strategy 

Enrollment will rely on convenience sampling at 
general hospitals, universities, and community-based 
clinics specializing in senior health and/or geriatric 
care. Participants will be recruited through clinical ser-
vices at the internal, family, and geriatric medicine ser-
vices in local hospitals and in senior and nursing 
homes. Those who meet the inclusion criteria will be 
referred to the study research coordinator for 

informed consent and eligibility assessment. Eligible 
subjects will be invited to participate in the study. Po-
tential subjects will be identified by the staff coordina-
tor or one of the investigators at each site. Potential 
participants and their primary care partners will be 
contacted for an explanation of the project. Informed 
consent may be obtained by investigators or program 
coordinators. The diagnosis of MCI should not pre-
vent patients from providing informed consent. How-
ever, all care partners will also provide consent. 

The recruitment strategy will include: flyers in 
public institutes (senior houses and geriatric clinics), 
advertising through social media (Facebook and Insta-
gram), searching in clinical trial registration sites, and 
direct contact via telephone (obtained from medical 
records). 

Adherence 

In order to improve and monitor adherence to 
the protocol, research teams will be trained to achieve 
an ethical but supportive relationship with partici-
pants. They will provide a flexible schedule for out-
come assessment, timely reminders on the next PA 
and outcome assessment sessions. They will also com-
pensate participants and caregivers for their time and 
effort (free meals, parking, and childcare), involve fam-
ily members (by inviting them to join the BA interven-
tion), and provide a heart rate monitor to encourage 
participants and control adherence (Bravata et al., 
2007). Additionally, to assess participants' compliance 
with the PA program, a 1-month run-in phase will be 
performed before the actual study begins to identify 
which individuals are likely to drop out. 

Timeline 

The schedule for conducting the study, including 
timelines for key study milestones, is presented in Fig-
ure 1. This timeline will be a living document and will 
be updated throughout the project. The critical study 
milestones for data collection are set at 3, 6, 9, and 12 
months. The planned time for recruitment is from 12 
to 15 months. Data analysis is expected to take up to 1 
month. 

Interventions 

Each recruitment center will have a coordinator 
responsible for distributing participants to their re-
spective study arms. The intervention group will re-
ceive a combination of moderate-to-high intensity PA 
and BA, while the active control group will receive the 
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sham intervention (low-intensity PA) in addition to 
psychological support via daily reporting of feelings 
and thoughts in a diary and through regular meetings 
with the psychologists.  

The PA program will include a minimum of 3 
sessions per week, 45 minutes each, for both groups, 
in a gymnasium or social club. The total duration of 
the study will be 12 months. The intervention will be 
delivered through instructors who received the specific 
training in an instruction video to ensure a standard-
ized intervention for all participants in all sites. Instruc-
tors will also assess adherence weekly for the first three 
months, then every two weeks after that. The instruc-
tors will adjust the intensity of the exercises based on 
the participants' physical capacity. Low-intensity exer-
cises, including yoga or stretching, will be considered 
for the control group. Moderate-to-high intensity ex-
ercises (classified as Borg 11-16 and or reaching 50-
85% of maximum expected heart rate) will be designed 
for the intervention group. Any activities exceeding 

these limits will not be recommended. Participants will 
have the option to receive pre-recorded online video 
training sessions if they miss their classes.  

The intervention group receiving the psycholog-
ical intervention and BA will be supervised in person 
or online (by participants' preference) by a clinician 
weekly in the first three months, then every two weeks 
after that. The sessions will emphasize behaviors that 
focus on 1) increasing engagement in adaptive activi-
ties usually associated with the experience of pleasure, 
2) decreasing engagement in activities usually associ-
ated with negative feelings, and 3) solving problems 
that limit access to reward or maintain/increase aver-
sive control. Both arms will receive a personal diary in 
which all sessions must be registered. The control 
group will receive non-structured and non-directive 
counseling and psychological support addressing per-
sonal difficulties and discussing long-term planning (in 
topics such as aging, memory loss, illness, disability, 
social isolation, drive, safety, and financial advice, 

Figure 1. study timeline. 
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advice for behavioral and neuropsychiatric symptoms, 
etc.). The main BA domains are shown in Appendix A.  

In case of discontinuation, the reason will be doc-
umented in the electronic Case Report Form (eCRF). 
If a subject discontinues the study intervention early, it 
will remain in the study and undergo the scheduled as-
sessments (unless they withdraw from the trial). If a 
patient receiving sham intervention is unwilling or un-
able to continue the scheduled study assessments, the 
site personnel will attempt to collect as much follow-
up information as possible. 

Outcomes 

The primary outcome will be a change in cogni-
tive function assessed by MoCA from baseline to 12 
months. MoCA (Nasreddine et al., 2005) is a reliable 
brief screening instrument for characterizing global 
cognitive function and screening for dementia and 
MCI, with a sensitivity of around 90%, and more sen-
sitive than the Mini-Mental Status Exam (MMSE) in 
detecting MCI in the general population. 

Secondary outcomes will include a change in cog-
nitive function at 3, 6, and 9 months, also assessed via 
MoCA. Furthermore, the following tests will be per-
formed at all five milestones (0, 3, 6, 9, and 12 months): 
Barthel Index, SF-12, and GDS-15. These are health-
related tools that evaluate, respectively, elderly sub-
jects' daily-life functioning, quality of life, and depres-
sive symptoms (which may be impaired by MCI pro-
gression). 

Data Management 

Data will be collected using electronic data cap-
ture software (REDCap). All investigators will be re-
sponsible for completing and maintaining accurate 
eCFRs. The R Project for statistical analysis will be 
used (version R-4.1.1 for Windows [32/64 bit]).  

After 33% of patients' enrollment, an interim 
analysis will be conducted to evaluate safety data. An 
adjustment for type I errors will be performed using 
the O'Brien-Fleming approach. The analysis will be 
conducted by an external Data Monitor Committee 
(DMC) and selected members of an Internal Assess-
ment Committee. The DMC will be a group of five 
independent members, including investigators and 
professionals from the centers conducting the trial. 
DMC members will include a statistician and a clinical 
specialist. Information that may unblind the study dur-
ing the analyses will be reported to study sites or 
blinded personnel once the study has been finished 
and unblinding is consolidated. Study sites will receive 
information about interim analysis results only if the 
investigators need to know to preserve participants' 

safety. There is no real or perceived direct or indirect 
conflict of interest related to any sponsor, grants, or 
honoraria. 

Sample Size Calculation 

No previous articles comparing PABA in pa-
tients with MCI against active controls using MoCA 
were reported. Thus, our sample size calculation will 
be based on similar trials’ detected effect sizes and cor-
responding Cohen’s d values.  

Previous studies compared cognitive training or 
PA against SoC using other scales, showing Cohen's d 
values ranging from 0.80 (large effect size) to 0.45 
(small-to-moderate effect size) (Peng et al., 2019) (Lee 
et al., 2016). With that in mind and acting conserva-
tively, we will power this study to detect a Cohen's d 
of 0.5 (small-to-moderate effect size). Our calculations 
estimated that a Cohen's d of 0.5 is compatible with a 
between-group mean difference in MoCA at 12 
months of 1.19 (20 points in the control group and 
21.19 points in the experimental group) (Peng et al., 
2019). Such expected effect size is below the clinical 
relevance threshold of 1.73 points (Krishnan et al., 
2017). Thus, this trial will be powered up to detect all 
clinically relevant changes in the primary outcome. 

MoCA standard deviation values were 2.2 in the 
experimental group and 2.57 in the control group 
(Peng et al., 2019). Considering that the primary out-
come will be measured at 12 months via a two-sided 
unpaired Student's t-test with an alpha value of 0.05, a 
power of 80%, an allocation rate of 1:1, and an ex-
pected dropout rate of 25% (plus 5% for the interim 
analysis), the final sample size will be 184 (92 per arm). 

Statistical Analysis  

The primary outcome will be analyzed with an 
unpaired Student's t-test. Data variance will be deter-
mined, and then either a t-test with equal variance or a 
t-test with unequal variance will be applied. Based on 
previous literature, a normal distribution of data is ex-
pected. However, if non-normality is demonstrated, a 
Mann-Whitney test will be used instead. All secondary 
analyses will be performed via linear mixed regression, 
adjusting for covariates such as time, ethnicity, smok-
ing, drinking habits, the intensity of PA performed be-
fore the trial, minutes of exercise per week before the 
trial, exercise sessions attended, and baseline MoCA.  

In all cases, normality will be assessed via graph-
ical distribution of data, analysis of skewness and kur-
tosis, and Kolmogorov–Smirnov tests. A p-value un-
der 0.05 will be considered significant for all tests. All 
calculations will be performed in Stata version 17.0 
(Stata Corp., College Station, TX, USA).  
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Missing Data 

An intention-to-treat (ITT) approach will be 
used to preserve randomization. Secondarily, a per-
protocol (PP) analysis will also be provided (consider-
ing a minimum adherence to the intervention of 80%, 
which translates to 9 months and three weeks of inter-
vention). If missing data behaves as missing-at-ran-
dom, which is expected, it will be handled with adjust-
ment for baseline characteristics via multiple imputa-
tions. If it behaves as missing-not-at-random, maxi-
mum likelihood techniques will be applied. In all cases, 
sensitivity analyses (such as last-observation-carried-
forward methods) will be performed to assess if the 
results remain robust (Haukoos & Newgard, 2007). 

Discussion 

This protocol will compare PABA against active 
control in slowing the progression of MCI in re-
tired/unemployed patients aged over 60 years. This is 
an urgent matter worldwide, with the rising number of 
individuals in advanced ages developing progressive 
decline in functionality and requiring assistance in ac-
tivities of daily living, which causes excessive direct 
and indirect expenses and reduced quality of life. 

Previous studies compared PA programs against 
standard of care in preventing or slowing the progres-
sion of MCI but showed modest results (Jeong et al., 
2021) (Bisbe et al., 2020) (Park et al., 2019) (Peng et al., 
2019) (Lamb et al., 2018). On the other hand, meta-
analyses on MCI found global cognitive improvement 
in the group that performed aerobic exercise (Law et 
al., 2019) (Song et al., 2018). Another study suggests 
that exercises of medium duration (45-60min) and 
moderate or vigorous intensity were significantly bet-
ter at improving cognition, but not low intensity or 
short- and long-duration (Northey et al., 2018). Re-
sistance training alone (Xiuang et al., 2021) might also 
be beneficial and likely brings additional benefits if 
added to aerobic training (multicomponent training) 
(Northey et al., 2018). 

To date, this will be the first protocol for a supe-
riority randomized clinical trial proposing a mixed in-
tervention (PABA) for patients with MCI. 

Most studies on MCI evaluate patients aged over 
65 years, which matches the WHO criteria for the el-
derly in developed countries (Bisbe et al., 2020) (Jeong 
et al., 2021) (Peng et al., 2019). However, in developing 
countries, the same criteria consider the elderly to be 
those over 60 years old (World Health Organization, 
2001). Since studies on MCI are generally performed 
in high-income countries (with larger elderly popula-
tions), it is hard to translate their results to the reality 
of low-income countries as the population between 60 

and 65 years was not studied in these trials. Therefore, 
to increase the results' generalizability, this study will 
adopt the 60-year threshold. 

One limitation of this study could be the lack of 
double-blinding. Even though participants will be ran-
domized in a blinded fashion, the informed consent 
form (with the description of the design) could unblind 
them. Instructors and clinicians involved in the adjust-
ments of the interventions cannot be blinded due to 
the nature of their roles. The interventions will be de-
signed to keep the similarity among both arms regard-
ing interventions’ frequency, duration, and length, but 
not PA intensity nor psychological technique. How-
ever, all outcome assessors and analysts will be blinded 
throughout the trial. 

PABA adds challenges to its measurement and 
compliance, as some heterogeneity on the individual 
basis is expected between participants. Individuals will 
most likely be in different initial physical, psychologi-
cal, and neurological conditions. To maintain as much 
homogeneity in interventions as possible, subjects will 
follow the pre-specified description for PA. They will 
also receive a heart rate monitor to certify that at least 
15 minutes of aerobic exercise are performed per train-
ing, based on the estimated HR for age (Target Heart 
Rates Chart | American Heart Association, n.d.; Tar-
get Heart Rate and Estimated Maximum Heart Rate | 
Physical Activity | CDC, n.d.). Also, performing the 
sessions in a designated space related to the trial, with 
activities kept guided by a qualified instructor, is ex-
pected to provide homogeneity and it could provide 
the desired generalizability of results. Online activities 
will be an acceptable option to maintain adherence, as 
long as they are provided by the gymnasium or social 
club assigned to the subject and the pre-specified PA 
program is followed. 

Regarding adherence, previous studies with sim-
ilar designs showed rates of up to 75% (Linardon et al., 
2018) (Fernandez et al., 2015). To increase adherence 
further, many strategies will be employed (see the “Ad-
herence” section).  

Although Alzheimer's Disease Assessment Scale 
– Cognitive Subscale (ADAS-Cog) and MMSE are 
more commonly used than MoCA to assess the pri-
mary outcome in trials on MCI and/or dementia, the 
choice for MoCA is supported by a few facts: (1) 
ADAS-Cog is less suited for mild or asymptomatic 
cognitive deficits, (2) MoCA is more sensitive than 
MMSE in detecting MCI (90% against 18%) (Nasred-
dine et al., 2005), and (3) MoCA is shorter and more 
easily comprehensible than the other tests. 

Finally, since the statistical analysis of our sec-
ondary outcomes will rely on mixed linear regression, 
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we will avoid multiple comparisons. Therefore, adjust-
ments for the alpha value will not be necessary. 

MCI is a disease with a high impact on quality of 
life, presenting a growing burden for society and indi-
viduals. Due to the lack of an effective MCI treatment, 
it is fundamental to understand the relationship be-
tween current treatment options in order to achieve 
the maximum therapeutic effect possible. A negative 
result in this trial would indicate that our mixed inter-
vention might not be the most promising approach, 
which in turn may lead future studies to investigate dif-
ferent treatment combinations. In the long run, re-
search of this kind has the potential to optimize MCI 
treatment and help alleviate patients' burdens. With 
this study, we aim to refine treatment options for MCI 
patients and uncover directions for further therapeutic 
approaches. 
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