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   INTRODUCTION 
 Mild cognitive impairment (MCI) has been widely studied 
as a transitional cognitive disorder between the normal 
neurocognitive aging process and dementia. 1-5  According 
to the Alzheimer’s Association, 6  half of individuals with 
MCI are likely to progress to dementia within 3 to 4 years. 

 One of the greatest risk factors for developing dementia 
is increasing age, 7  which underlies the reason why this 

lower-limb endurance (30-second sit/stand test), and balance 
data (Functional Reach test) were collected. The intervention 
group walked and exercised twice weekly (60 minutes each) 
using ankle weights, latex resistance bands, and dumbbells. 
The exercise load and intensity were regularly increased on 
the basis of a preestablished incremental number of sets 
and repetitions and on the basis of the participants’ correct 
movement execution with a given load. Data were analyzed 
with Pearson  χ  2  test, Fisher exact test, Student  t  test, Mann-
Whitney  U  test, 2-way repeated measures analysis of vari-
ance, and the Cohen  d . 
   Results and Discussion:     Before the intervention, no signifi cant 
differences were found between groups for any of the vari-
ables. Postintervention, signifi cant differences were observed 
in cognition, conditioning, muscle endurance, and balance. 
Signifi cant time-by-group interactions were detected in all 
the intergroup analyses. The improvements observed in the 
intervention group had medium to large effect sizes (0.35-
1.15). The control group’s decrease in cognition (13.9%) had 
a large effect size, while its Functional Reach test decrease 
(11.4%) had a medium effect size, with no signifi cant change 
in conditioning or muscle endurance. 
   Conclusion:     The training program improved cognitive func-
tion, muscle endurance, aerobic conditioning, and balance in 
older adults with MCI.   
  Key Words:   aged  ,   muscle strength  ,   postural balance  ,   primary 
health care  ,   public health 

 (J Geriatr Phys Ther  2019;42(2):E15-E22.)   

 ABSTRACT 
   Background and Purpose:        Mild cognitive impairment (MCI) 
may be a precursor to dementia; however, its progression may 
be prevented or slowed with exercise. This study aimed at 
determining the effects of group aerobic and strength training 
on cognition, conditioning, muscle endurance, and balance 
in underprivileged community-dwelling older adults with MCI. 
   Methods:     This was a single-blind, randomized, and matched-
pair controlled (gender, age, body mass index, and Adden-
brooke’s Cognitive Examination—Revised for MCI diagnosis) 
clinical trial. It was developed in 4 community centers. Fifty-
two sedentary, functionally independent individuals, aged 
60 years or more, with MCI were randomized into intervention 
group (n  =  26) and control group (n  =  26). Participants were 
tested before and after a 24-week exercise program. Sociode-
mographic characteristics, cognition (Mini-Mental State 
Examination), conditioning (2-minute stationary walk test), 
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disease is one of the most common issues in public health, 
given the rapid increase in the number of older individuals. 
In this sense, dementia requires increased attention, espe-
cially from public health managers, as it leads to increased 
morbidity in older adults, causes functional dependence, 8  ,  9  
and is the chronic noncommunicable disease that causes the 
most disability. 10  

 Mild cognitive impairment, which may be a precursor of 
dementia, is also considered a health problem, due to its high 
rate of prevalence, varying between 15% and 20%. 4  ,  5  ,  11  In 
terms of the present study’s location, a population-based 
study conducted with older public primary care users from 
socially vulnerable areas pointed to MCI having a frequency 
of 47.2%. 12  Despite this concerning scenario regarding the 
global and local occurrence of MCI, it is possible to reverse 
or reduce the chance of dementia onset in older adults 
through the use of various types of interventions. 2  ,  13  

 Thus, taking into consideration the possibility of slow-
ing down or interrupting MCI’s progression to dementia, 14  
knowing its high local prevalence, 12  and understanding 
that users of public primary care units present with greater 
social, environmental, and health vulnerabilities, 15  a clear 
need is evident for preventive actions that prioritize low-
cost measures and focus on strategies aimed at promoting 
the health of this population. Therefore, the present study 
aimed to evaluate the effects of group strength and aerobic 
training on the cognitive function, conditioning, muscle 
endurance, and balance of older adults with MCI living in 
vulnerable communities.   

 METHODS 
 This single-blind, randomized and matched-pair controlled 
(for gender, age, body mass index, Addenbrooke’s Cognitive 
Examination-Revised score—ACE) 16  clinical trial was con-
ducted with older users of 4 primary care units in Porto 
Alegre/RS, Brazil. It ran from October 2015 to March 
2017 and was part of a larger research project. The larger 
project was approved by the Research Ethics Committee of 
the Pontifi cal Catholic University of Rio Grande do Sul 
(number: 427.997  ), complies with the Declaration of 
Helsinki, and was registered on the Brazilian Registry of 
Clinical Trials (number: RBR-6y2srf  ). All participants pro-
vided written informed consent. This study was conducted 
in 5 phases: (1) recruitment; (2) fi rst battery of tests; (3) 
randomization; (4) intervention (24 weeks); and (5) second 
battery of tests.  

 Participants 

 The sample included sedentary individuals with MCI, 16  
aged 60 years or older, independent in their activities of 
daily living, and able to travel to the training and testing 
site. The Katz Index 17  and Pfeffer’s Functional Assessment 
Questionnaire 18  were administered to confi rm indepen-
dence in activities of daily living and the MCI diagnosis. 19  

 Exclusion criteria included individuals with a history of 
severe psychiatric or neurological illness, including a his-
tory of stroke, transient ischemia, or traumatic brain injury; 

use of acetylcholinesterase inhibitors; current substance 
abuse; major communication defi ciencies; simultaneous 
participation in other studies; regular physical activity 
(once a week during the last 3 months); physiotherapeutic 
treatment in the last 3 months; physical and functional 
limitations impeding physical activity; diseases that pro-
mote incapacity; severe visual defi ciency; recurrent vertigo; 
and uncontrolled systemic arterial hypertension.   

 Recruitment Process 

 Participant recruitment occurred in 3 steps. Initially, the 
list of older users in each of the participating primary care 
units was accessed. Subsequently, the participants’ medical 
records were checked for eligibility. Finally, home visits 
were made to the selected participants. 

 As seen in the  Figure , a total of 2279 individuals were 
initially considered for recruitment and had their medi-
cal records checked for eligibility. Following this analysis 
based on the selection criteria, 886 individuals were 
excluded, leaving 1393 users who were selected for a 
home visit. Of these, 1125 were found at home, after up to 

 Figure.   Flow diagram of the study’s sample of older adults 
with MCI. MCI indicates mild cognitive impairment. 
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3 attempts. Among the people visited, 857 were excluded 
on the basis of the selection criteria or refusal to participate. 
Those eligible for the study provided written informed con-
sent and completed the ACE. Subsequently, a further 140 
individuals were excluded on the basis of their ACE scores.  

 A total of 128 older adults were invited to participate 
in the fi rst battery of tests. However, in the time between 
agreeing to take part in the study and the fi rst tests, a fur-
ther 68 individuals were excluded: 58 declined to partici-
pate, 6 became unwell, and 4 began physical activity unre-
lated to the study. As a result, the fi nal sample consisted of 
60 participants.   

 Data Collection 

 Data collection and the intervention were conducted in 
community centers, public squares, and streets close to the 
participants’ residences. Prior to data collection, research-
ers were trained in how to apply the tests and instruments. 
Immediately after collection, data were stored and the 
researchers involved with testing and training had no 
further access to it. Before and after the intervention, all 
tests were carried out by the same researcher, except for 
the Mini-Mental State Examination (MMSE), which was 
conducted by 5 researchers. 

 Sociodemographic data (gender, age, marital status, pro-
fession, race, religion, and schooling) and anthropometric 
data (weight and height) were collected. In addition, cogni-
tion (MMSE) 20  and a battery of tests and measures were 
implemented pre- and postintervention. Muscle endurance 
of the lower limbs was measured by the 30-second sit/stand 
test (sit/stand: number of times the person rises and sits in 
30 seconds), 21  the 2-minute stationary walk test was used 
to assess aerobic conditioning (stationary walk: number of 
steps taken in 2 minutes), 21  and balance was assessed with 
the Functional Reach Test (FRT). 22  

 The MMSE score was defi ned as the primary outcome. 
Secondary outcomes were based on the results of the sit/
stand, stationary walk, and FRT tests.   

 Intervention 

 The intervention lasted for 24 weeks. After the fi rst battery 
of tests, participants were paired and then randomly (com-
puter-generated random number table) allocated into the 
intervention group (IG) or the control group (CG). Groups 
consisting of 5 to 8 participants took part in a twice-weekly 
group exercise session (approximately 60 minutes each), 
with load and intensity adjusted regularly ( Table 1 ). 23  The 
CG was asked not to initiate any kind of physical or cogni-
tive activity during the intervention. Regular telephone con-
tact was maintained during the study to determine whether 
the CG participants engaged in any form of activity that 
was not part of their usual routine.  

 At all times, training sessions were conducted by a fully 
qualifi ed physical therapist, who was aided by 2 physical 
therapy undergraduates in their last year at university. The 
undergraduate students helped the participants perform the 
exercise correctly. The physical therapist was responsible 

for individually assessing and progressing exercise load 
and intensity according to the training protocol ( Table 1 ) 
and the participants’ performance. At the beginning and 
the end of the exercise sessions, arterial blood pressure and 
radial pulse were measured and the participants performed 
stretching exercises. Once a week, participants wore a heart 
rate monitor to ensure training safety and maintenance of 
heart rate within individually determined training zones 
that were based on maximal predicted heart rate (HR max  =  
220  −  Age) ( Table 1 ). 24  

 The equipment used for the strength exercises included 
ankle weights, resistance latex bands, and dumbbells. 
Aerobic training involved 20 minutes of walking at 60% to 
75% HR max  for the fi rst 4 weeks, then gradually increased 
to 30 minutes by the 12th week ( Table 1 ). 23  As the inter-
vention progressed, maintenance of the HR at the training 
frequency was obtained with an increase in the walking 
speed, observed in the distance walked. 

 At the beginning of the study, phone calls were made to 
the IG participants to remind them of the scheduled train-
ing sessions. Any time a participant missed a session, an 
additional one was offered on a day outside their regular 
schedule. 

 In addition to the exercise routine, 2 types of social 
activities were also developed: 1 communal coffee per 
month, with the participation of the IG and the researchers 
responsible for training, and birthday celebrations occur-
ring during the intervention. In both situations, the activi-
ties occurred shortly after the exercises.   

 Sample Size 

 The sample size calculations were made using the samples.
exe software from the statistical package  Programs for 
EPIdemiologists  version 4. The calculations were based 
on the mean difference of the primary outcome (MMSE) 
between the groups at the end of the study, an  α  error of 
5%, and an inference power of 97%. These showed that 
a minimum sample size of 26 participants in each group 
was required.   

 Blinding 

 Data were inserted in a spreadsheet where all vari-
able labels were encoded to conceal their identifi cation. 
Subsequently, the spreadsheet was sent to a statistician with 
no connection to the research group and without access 
to the variables’ descriptions to perform the data analysis. 
After the data analysis was returned to the corresponding 
author, variables’ encoding was reversed and the results 
were shared among the authors for the text’s elaboration.   

 Statistical Analysis 

 Data were analyzed using the  Statistical Package for Social 
Sciences  version 20.0 (SPSS Inc., Chicago, Illinois). The 
Shapiro-Wilk test was used to investigate the distribution 
of continuous variables. The  α  level was set to .05. 

 The following tests (variables tested) were used: Student 
 t  test for independent groups assuming homogeneity of 
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variance (age, ACE, weight, height, MMSE after, sit/
stand test after, and FRT after); Pearson  χ  2  test with 
continuity correction (gender, marital status, and profes-
sion); Pearson  χ  2  test (education); Fisher exact test with 

Monte Carlo simulation (self-declared ethnicity/race and 
religion); Student  t  test for independent groups assuming 
heterogeneity of variance (body mass index, MMSE before, 
sit/stand test before, and FRT before); Student  t  test for 

 Table 1.      Training Protocol  

Strength Training (weeks 1-12) 

Exercise Material Used Position Weeks 1-6 Weeks 7-12 

Elbow fl exion Elastic band 

 

 

 

Seated 

 

 

 

 

 

 

 

 

2  ×  10 → 2  ×  12 → 2  ×  15 repetitions  

1-min rest between sets

  Duration  ≈ 30 min 

 Neuromotor movement awareness/

adaptation: low loads → load 

progression according to good per-

formance of movement 

2  ×  15 repetitions  +  6 s isometric 

contractions 

 1-min rest between sets

  Duration  ≈ 30 min 

 Load progression according to 

good performance of movement 

Elbow extension 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shoulder external rotation 

Shoulder abduction a  ,  b  

Shoulder adduction a  ,  b  Ball 

 

 
Shoulder internal rotation 

Hip adduction 

Hip abduction   Elastic band 

Knee extension Ankle weights 

 

 
Knee fl exion a  Standing 

 

 
Plantar fl exion 

Squatting a  ,  c  Body weight 

 Strength Training (weeks 13-24)  

 Exercise   Material Used   Position   Weeks 13-18   Weeks 19-24  

Functional diagonals Dumbbells Standing 

 

 

2  ×  12 → 2  ×  15 repetitions 

 1-min rest between sets  

Duration  ≈ 30 min 

 Load progression according to good 

performance of movement 

2  ×  15 repetitions  +  6 s isometric 

contractions 

 1-min rest between sets 

 Duration  ≈ 30 min 

 Load progression according to 

good performance of movement 

Knee and hip

 fl exion-extension a  

Ankle weights 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hip extension 

Knee extension Seated 

 

 

 

Hip abduction a  

Hip adduction a  

Trunk fl exion Elastic band 

Plantar fl exion Ankle weights Standing 

 

 
Squatting a  Body weight 

 
Sit/stand from a chair a  ,  d  

 Aerobic Training (weeks 1-24)  

 Exercise   Material Used   Weeks 1-7   Weeks 8-11   Weeks 12-24  

Walking 

 

Heart rate monitor 

HR 
max  

=  220  −  Age 

60% - 75% 

20 min 

60% - 75% 

25 min 

60% - 75% 

30 min 

    a Isometric exercises not performed.    

 b Started in the 7th wk (2  ×  12 → 2  ×  15).    

 c Started in the 11th wk (1  ×  12 repetitions).    

 d Started in the 17th wk (1  ×  15 repetitions); HR 
max 

: Maximum heart rate. Stretches were performed at the beginning and end of each meeting.   
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paired data (MMSE, sit/stand, and FRT); Mann-Whitney 
test   (stationary walk test); and Wilcoxon test (stationary 
walk test). 

 Two-way repeated measures analysis of variance 
(ANOVA) was used to investigate the time-by-group inter-
actions, with study of the sphericity assumptions (M Box 
and Mauchly tests). When the assumption of sphericity was 
not met, correction was made by the Greenhouse-Geisser 
Epsilon. Bonferroni correction was applied to adjust for 
multiple comparisons of the means for the main effects. 
Effect size was calculated using Cohen  d  test and classifi ed 
as small (0.0-0.2), medium (0.3-0.5), and large ( ≥ 0.6). 25  
To estimate the reliability coeffi cients for the only vari-
able whose tests were carried out by different researchers, 
the MMSE, intraclass correlation coeffi cients, and 2-way 
analysis of variance (Participant  ×  Researcher) were used.    

 RESULTS 
 Four members of the IG were excluded for reasons unre-
lated to the training program; consequently, the data for 
the 4 paired CG members were also excluded from the fi nal 
analysis ( Figure  1). Therefore, the fi nal sample size con-
sisted of 52 participants (IG: n  =  26; 20 women and 6 men; 
72.6 years [7.8]; CG: n  =  26; 20 women and 6 men; 71.9 
years [7.9]), with the majority being white, overweight, 
Catholic and female, with a low educational level, and who 
were not in a marital relationship ( Table 2 ). All participants 
were independent in basic (Katz score  ≥ 5) 17  and instru-
mental activities of daily living (Pfeffer score  ≤  2), 18  and 
the groups did not differ in terms of independence.  

 With a mean of 43 sessions attended out of the total 48 
possible, the attendance at training sessions for the IG was 
high (89.5%). Half of the participants missed 7 sessions 
in 6 months, while the other half missed between 0 and 6 
sessions. 

 The sample pairing in terms of age, gender, body mass 
index, and ACE achieved a balanced distribution as seen in 
 Table 2 . Preintervention, the groups did not differ signifi -
cantly in the sociodemographic and anthropometric aspects 
( Table 2 ), cognition, or physical function ( Table 3 ).  

 Postintervention ( Table 3 ), a signifi cant increase in the 
MMSE mean (14.2%) for the IG was detected, while a 
signifi cant reduction (13.9%) occurred in the CG. A sig-
nifi cant time-by-group interaction was detected ( F  1,50  =  
113.54;  P   <  .001; Power  >  99.9%). A medium effect size 
in the IG (Cohen  d : 0.657) and large effect size in the CG 
(Cohen: 0.85  ) were observed for the MMSE. 

 At the end of the study, a signifi cant increase was 
noted in the number of steps taken by the IG participants 
(34.9%), while no signifi cant change was detected in the 
CG compared with the initial values ( Table 3 ). In addition, 
a signifi cant time-by-group interaction was detected ( F  1,50  =  
12.95;  P   =  .001; Power  =  94.2%). A large effect size was 
identifi ed in the number of steps taken by the IG (Cohen  d : 
1.11) and small effect size in the CG (Cohen  d : 0.18). 

 In the sit/stand test ( Table 3 ), the IG mean at the end of 
the intervention increased by 24.7% ( < 0.001), while the 

 Table 2.      Sample Baseline Characteristics  

 Variables 

Group 

 
 P  

Intervention 
(n  =  26) 

Control 
(n  =  26) 

Age, y 

 Mean (SD) (range) 72.6 (7.8) 

(60.7-88.3) 

71.9 (7.9) 

(60.0-88.0) 

.740   a  

Gender   b  

 Female 20 (76.9) 20 (76.9)  > .999 c   
  Male 6 (23.1) 6 (23.1) 

Marital status   b  

 Living as a couple 11 (42.3) 8 (30.8) .565 c  

 
 Not living as a couple 15 (57.7) 18 (69.2) 

Profession   b  

 Work(ed) 19 (73.1) 19 (73.1)  > .999 c  

  Never worked 7 (26.9) 7 (26.9) 

Addenbrooke’s Cognitive Examination 

 Mean (SD) (range) 55.0 (13.3) 

(41-79) 

58.3 (12.6) 

(44-79) 

.367   a  

Self-declared ethnicity/race   b  

 White 16 (61.5) 13 (50.0) .775 d  

 

 

 

 

 Black 6 (23.1) 10 (38.5) 

 Brown   e  3 (11.5) 2 (7.7) 

 Indigenous 1 (3.8) 1 (3.8) 

 Other   

Education b,f  

 Illiterate 6 (23.1) 8 (30.8) .798   g  

 

 
 Primary 13 (50.0) 11 (42.3) 

 Secondary 7 (26.9) 7 (26.9) 

Religion   b  

 Catholic 15 (57.7) 20 (76.9) .223 d  

 

 

 

 Evangelical 8 (30.8) 3 (11.5) 

 Spiritualist 2 (7.7) 3 (11.5) 

 Other 1 (3.8)  

Weight, kg 

 Mean (SD) (range) 67.4 (14.2) 

(42.3-101.7) 

65.4 (14.6) 

(39.0-93.1) 

.615   a  

Height, m 

 Mean (SD) (range) 1.56 (0.10) 

(1.40-1.77) 

1.58 (0.10) 

(1.43-1.86) 

.475   a  

Body mass index, kg·m  − 2  

 Mean (SD) (range) 27.8 (4.4) 

(17.0-37.1) 

26.3 (5.1) 

(15.7-37.5) 

.268   h  

    a Student  t  test for independent groups assuming homogeneity of variance.    

 b Percentages obtained on the basis of the total of each group and presented as n (%).    

 c Pearson  χ  2  test with continuity correction.    

 d Fisher exact test.    

 e Multracial Brazilian of brown skin color and mixed-race features, considering themselves 

to be  “ Pardos. ”     
 f Primary education: up to 8 years of schooling; secondary education: 9-11 years of 

schooling.    

 g Pearson  χ  2  test.    

 h Student  t  test for independent groups assuming heterogeneity of variance.   



Copyright © 2018 Academy of Geriatric Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.

Research Report

E20 Volume 42 • Number 2 • April-June 2019

CG showed no signifi cant change ( P   =  .723). A signifi cant 
time-by-group interaction effect was identifi ed ( F  1,50  =  
14.80;  P   <  .001; Power  =  96.5%). A large effect size was 
detected for the IG sit/stand test (Cohen  d : 1.15), while a 
small effect size was noted for the CG (Cohen  d : 0.10). 

 The IG and CG did not differ statistically on the FRT 
( Table 3 ), neither at the initial ( P   =  .268) nor at the fi nal 
( P   =  .076) evaluation. However, while there was a 9.3% 
increase ( P   =  .036) in the IG at the end of the interven-
tion, in the CG there was a 11.4% reduction ( P   =  .028). 
Subsequent analysis detected a time-by-group interaction 
effect ( F  1,50  =  10.31;  P   =  .002; Power  =  88.3%). The cal-
culations pointed to a medium effect size on the FRT for 
both the IG (Cohen  d : 0.35) and the CG (Cohen  d : 0.46). 

 The reliability coeffi cients for the mean MMSE scores 
showed that no signifi cant between-researcher differences 
were detected in either the initial data ( P   =  .973) or the 
fi nal data ( P   =  .996). Moderate to strong, signifi cant, 

and positive intraclass correlation coeffi cients were found 
before (0.50-0.87) and after the intervention ( r   =  0.51-
0.94), demonstrating consensus among the researchers and, 
consequently, lower error variance.   

 DISCUSSION 
 The older adults with MCI in the IG showed signifi cant 
cognitive and functional improvement after 6 months of 
aerobic and strength exercise, with a medium-to-large effect 
size. At the same time, the CG presented with signifi cant 
deterioration in cognition, with a large effect size, as well as 
a worsening of the FRT scores, while its conditioning and 
lower-limb muscle endurance showed no signifi cant changes. 

 The number of studies focused primarily on the effects 
of aerobic conditioning on cognitive function in older adults 
with MCI 26-28  has been steadily increasing. In addition, 
although in a smaller quantity, the number of studies des-
cribing the effects of strengthening exercises in individuals 

 Table 3.      Cognitive and Functional Characteristics, Before and After the Intervention  

 
Variables 

Group  
Mean Difference (SD) 
(Intervention-Control) 

 
 P  Intervention (n  =  26) Control (n  =  26) 

Mini-Mental State Examination 

 Before mean (SD) (range) 21.9 (4.8) (10.0-29.0) 23.7 (3.7) (16.0-30.0)  − 1.8 (3.2) .133 a  

 After mean (SD) (range) 25.0 (4.7) (13.0-30.0) 20.4 (4.1) (13.0-28.0) 4.6 (3.3)  <  .001  b  

 Mean difference (before-after) (SD )   − 3.1 (2.4) 3.3 (1.9)   

   P   c   <  .001     <  .001    

Stationary walk test d  ,  e  

 Before median (1st-3rd quartile) 97.5 (60.0-124.0) 102.0 (83.8-130.0)  − 4.5 (13.3) .390 f  

 After median (1st-3rd quartile) 131.5 (105.0-153.8) 107.0 (96.3-130.3) 24.5 (16.3)  .015  f  

  Mean difference (before-after) (SD)  − 34.0 (36.9)  − 5.0 (25.6)     

   P   g   <  .001  .330   

Sit/stand test h  

 Before mean (SD) (range) 9.3 (2.0) (6.0-14.0) 8.8 (2.1) (4.0-12.0) 0.5 (1.6) .382 a  

 After mean (SD) (range) 11.6 (2.0) (7.0-17.0) 9.0 (1.7) (5.0-12.0) 2.6 (1.4)  <  .001  b  

    Mean difference (before-after) (SD)  − 2.3 (1.7)  − 0.2 (2.2)     

   P   c   <  .001  .723   

Functional Reach Test, cm 

 Before mean (SD) (range) 28.1 (7.8) (14.0-46.0) 30.6 (8.2) (13.0-42.5)  − 2.5 (4.8) .268 a  

 After mean (SD) (range) 30.7 (7.1) (15.5-44.0) 27.1 (6.9) (14.5-40.0) 3.5 (4.1) .076 b  

  Mean difference (before-after) (SD)  − 2.6 (6.0) 3.5 (7.5)     

   P   c   .036   .028    

        a Student  t  test for independent groups assuming heterogeneity of variance.    

 b Student  t  test for independent groups assuming homogeneity of variance.    

 c Student  t  test for paired data.    

 d Variable with asymmetric distribution.    

 e Stationary walk test—number of steps taken in 2 minutes.    

 f Mann-Whitney test  .    

 g Wilcoxon test.    

 h Chair/stand test—number of times the person rises and sits in 30 seconds.   
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with MCI is increasing. 29  ,  30  However, several studies 
highlight the importance of randomized clinical trials that 
address the effects of combining both types of exercise on 
the overall cognitive function of older adults with MCI, 27  ,  31  
as developed in the present study. Nonetheless, these com-
bined, randomized studies are still rare. 

 One such example is a study by Uemura et al, 32  developed 
with the same training frequency and duration as the present 
study. The authors observed an association between cognitive 
function and improved mobility but not muscle strength. In 
all likelihood, an association between strength and cognitive 
function was not found because they did not adopt a gradual, 
regular, and continuous load increase during training, as was 
the case in this study, where an average gain of 24.7% was 
observed in the IG’s lower-limb muscle endurance. 

 Moreover, Iuliano et al, 27  who trained 3 groups ran-
domized according to the type of exercise undertaken (mus-
cle strength, cardiovascular or postural/balance), observed 
that the participants who performed strength and aerobic 
training showed signifi cant improvements in their practi-
cal abilities, attention, and analytic tasks. Based on their 
results, the authors suggested that the effect of combining 
the 2 types of exercise should be further investigated. Thus, 
the implementation of strength and aerobic exercises, as 
carried out in our study, rather than their performance in 
isolation, 33  may lead to improved attention, processing 
speed, and practical abilities in older adults with MCI. 27  

 Lü et al 29  also conducted research involving strength 
training in local community spaces and found improved 
cognitive function following training without load progres-
sion (36 sessions in 12 weeks). The authors also tested 
balance using the FRT and equally found no signifi cant 
difference between the IG and the CG, either before or 
after the intervention. However, the present study detected 
a time-by-group interaction, as well as a signifi cant increase 
in the IG’s FRT mean after the intervention and a simulta-
neous signifi cant reduction in the CG’s FRT mean. This dis-
crepancy in results between Lü et al 29  and the present study 
may be due to 3 factors: (1) the intervention duration and 
our number of training sessions were higher (48 sessions in 
24 weeks); (2) exercise intensity was increased for strength 
training, and (3) the intervention included aerobic training. 

 The high-average exercise frequency rate (86.1%) detect-
ed by Lü et al 29  is a further common fi nding with the pres-
ent study (89.5%). In addition to being developed locally, 
another possible explanation for our attendance rate could 
be the telephone contacts made by the researcher to those 
participants who missed an exercise session and the social 
activities developed (communal coffee and birthday celebra-
tions). These may have led to the gradual creation of a bond, 
which resulted not only in high attendance but also in a low 
dropout rate among the IG (4/30). This greater frequency 
and consistency in training may have positively infl uenced 
the gains experienced by the participants in this study. 34  It 
is also possible that the small group size (5-8 participants), 
the social interaction resulting from group training, and 
the social activities helped group socialization, interaction 

and bonding, providing further stimulation, and aiding the 
improvement in the cognitive performance measures. 35  

 In addition to the attendance rate, another aspect that 
may explain the success of our training program is the fact 
that the participants were continuously reminded to main-
tain the correct posture while exercising, as well as to be 
observant of both the correct number of sets and repetitions 
performed and the correct use of the different materials 
utilized (ankle weights, resistance bands, and dumbbells). 
This environment during training required IG members to 
use their attention, coordination, executive control, and 
spatiotemporal orientation, even though this was not our 
goal and we did not specifi cally evaluate those aspects. It 
is worth noting, nevertheless, that such actions may have 
indirectly led to the stimulation of executive functions and 
the performance of multiple tasks during the exercises. 29  

 According to the fi ndings from other studies, 28  ,  36-38  
it is possible that the benefi ts resulting from our exercise 
program go beyond those we investigated. The improve-
ment of aerobic conditioning in older adults with MCI 
leads to neurophysiological alterations, such as increased 
hippocampal volume, gray matter, 36  ,  37  and brain tissue 
plasticity. 28  The progressive increase in muscular endur-
ance, on the contrary, may benefi t the anti-infl ammatory 
neurotrophic factor pathways, which in turn may be 
related to sarcopenia and cognitive decline. 38  

 This study also included strategies aimed at minimiz-
ing possible biases, such as randomization; a parallel and 
paired CG that maintained its usual routine during the 
6 months without engaging in any form of physical or 
cognitive activity; blinding of the professional who carried 
out the statistical analysis; training of the researchers who 
administered the tests; and the fact that the training ses-
sions were conducted by the same researcher. 

 Despite the good results obtained, this study has some 
limitations, among them the fact that the sample came from 
a single city, which makes it diffi cult to expand the results 
beyond this population. Therefore, further studies such as 
this should be repeated in other locations. Another study 
limitation was the impossibility of making it double-blind, 
where the researchers who carried out the tests would not 
assist with the training sessions. Nonetheless, measures 
were taken to minimize this shortcoming by making sure 
that data collection was carried out without access to the 
previous results. 

 Future studies, however, should evaluate the benefi ts 
gained by different physical training regimens concomi-
tantly associated with cognitive training. There are indica-
tions that, just as physical training demands specifi city 
and load increase, 23  the same applies to cognitive train-
ing. 39  Nonetheless, attention should be paid to the way in 
which these 2 types of training are associated, as reported 
by Fiatarone et al. 30  These authors observed that, after a 
6-month intervention, the older adults who carried out the 
combined training (exercise  +  cognitive training) showed 
signifi cantly lower cognitive performance than did the group 
undertaking only resistance exercise. Without identifying a 
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reason for such a fi nding, the authors hypothesized that the 
higher degree of challenge posed by the computer program 
used, the longer training sessions, and the shorter free time 
available for the other activities could have resulted in exces-
sive stress, which inhibited rather than promoted the expect-
ed gains in neural plasticity and cognition. 30  However, based 
on the fi ndings of Oswald et al, 39  consideration should be 
given to the fact that perhaps this age group requires more 
interpersonal contact. Even if the mechanism of this reduc-
tion in the benefi t of combined training is as yet unknown, 
it remains a topic for future research.   

 CONCLUSION 
 Based on the results presented, we conclude that the group-
based strength and aerobic training program resulted in 
improvements in cognitive function, muscle endurance, 
aerobic conditioning, and balance in older adults with 
MCI. Furthermore, this study showed that a community-
based group exercise program is feasible and successful 
even in impoverished and socially vulnerable areas, using 
low-cost, easy-to-store equipment, and local public spaces 
near the participants’ residences. However, to maximize 
the effectiveness of the intervention, the use of professional 
supervision to correctly prescribe and progress the exercise 
loads and intensities is critical.     
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