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Abstract
Objective: To determine the effects of group exercises on balance, mobility, and depressive symptoms 
in community-dwelling older adults with mild cognitive impairment.
Design: Single blinded, randomized, matched pairs clinical trial.
Setting: Four primary healthcare units.
Subjects: Fifty-two sedentary subjects with mild cognitive impairment were paired (age, sex, body mass 
index, and Addenbrooke’s Cognitive Examination Revised score), tested, and then randomized into an 
intervention group (n = 26) and a control group (n = 26).
Intervention: The intervention group performed strength (ankle weights, elastic bands, and dumbbells) 
and aerobic exercises (walking) in their communities’ public spaces, twice a week (60 minutes each), 
during 24 weeks. The control group maintained its usual routine.
Main measures: Balance (Berg Balance Scale (BBS)), mobility (Timed Up and Go Test (TUG)), and 
depressive symptoms (Geriatric Depression Scale-15) were assessed before and after the intervention.
Results: Before the intervention, the two groups did not differ statistically. After, the intervention group 
showed significant improvement (P < 0.05) in balance (before: 53 ± 3; after: 55.1 ± 1.1 points), mobility 
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(before: 10.7 ± 2.9 seconds; after: 8.3 ± 2 seconds), and depressive symptoms (median punctuation 
(interquartile range) before: 4 (1.8–6); after: 2.5 (1–4)). The control group presented a significant increase 
in their depressive symptoms (median before: 3.5 (2–7.3); after: 4 (2–5.3)), while their balance and mobility 
showed no significant modification. Small effect sizes were observed in the intervention group and control 
group depressive symptoms, as well as in the control group’s mobility and balance. Large effect sizes were 
observed the intervention group’s mobility and balance.
Conclusion: Group exercises improved balance, mobility, and depressive symptoms in community-
dwelling older adults with mild cognitive impairment.
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Introduction

Functional dexterity, cognitive function,1 and social 
engagement2 tend to decline with aging. Older 
adults with mild cognitive impairment are even 
more susceptible to worsening of these conditions 
and their negative consequences due to the high 
chance of developing dementia.3

However, despite the changes that accompany 
aging, individuals who exercise feature advantages 
in comparison with sedentary ones, such as mood 
improvement, enhanced cognitive functioning, 
brain plasticity, increased neurotransmitters’ pro-
duction, among others.4 Among the possible 
modalities, group exercises can keep older adults 
functionally active and enable them greater social 
contact, and maintain their autonomy and inde-
pendence. For this age group, participating in an 
exercise program closer to home can be more prac-
tical and, therefore, result in increased adherence to 
and acceptance of the program.5 In addition, it can 
reduce public health costs.6

Furthermore, although older adults with mild 
cognitive impairment do not exhibit functional 
decline that might compromise their independence,3 
they have a higher chance of exhibiting reduced 
mobility7 and balance8 than older adults without. In 
addition, they are more likely to develop depres-
sion, which may exacerbate pre-existing cognitive 
difficulties, and hamper adherence to treatments. 
Moreover, both comorbidities are accentuated by 
aging.9

Consequently, it is necessary to promote inter-
ventions that impact positively on those aspects.10 
Notwithstanding, the majority of the published 
studies were carried out at universities, using 
equipment and spaces which will often be una-
vailable to or unfeasible to use with the general 
population.11 Thus, it is necessary to establish 
ways to bring these benefits closer to those who 
need it. This is particularly relevant to the local 
population—impoverished and socially vulnerable.12 
Therefore, the aim of this study was to assess the 
effects of an aerobic and strength group exercise 
program developed for the primary care on bal-
ance, mobility, and depressive symptoms in older 
community-dwelling adults with mild cognitive 
impairment.

Methods

This study is part of a larger project titled “Effects 
of an aerobic, strength and cognitive training pro-
gram on the mild cognitive decline of Primary 
Health Care elderly users in Porto Alegre,” approved 
by the Pontifical Catholic University of Rio Grande 
do Sul Ethics Committee (no. 427.997/2013), regis-
tered by the Brazilian Clinical Trials Registry (no. 
RBR-6y2srf), and conforms to the Declaration of 
Helsinki. All participants signed a written informed 
consent form prior to enrolment.

Part of the above-mentioned project was pub-
lished recently,13 including the methods, which are 
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partially shared with this study, besides the partici-
pants. Notwithstanding, all the outcomes presented 
here are exclusive to this study.

This single-blinded, randomized, matched pairs, 
controlled clinical trial was conducted from 
October 2015 to March 2017 in five phases: (1) 
recruitment, (2) first battery of tests, (3) randomi-
zation, (4) 24 weeks of intervention, and (5) last 
battery of tests (Figures 1 and 2).

Participants

The participants were recruited from four primary 
healthcare units. The units’ older users underwent 
three selection processes:13 (1) verification of com-
pliance with the selection criteria in each medical 
record, (2) home visits to confirm whether they 
met the selection criteria, and (3) application of the 
Addenbrooke’s Cognitive Examination Revised14 
score to determine the presence of mild cognitive 
impairment.

The sample was composed of sedentary indi-
viduals, aged 60 years or older, able to walk inde-
pendently to the site of testing and training. Katz 
index15 (score ⩾5) and Pfeffer et al.’s16 functional 
assessment (score ⩽2) were used to confirm that 
the participants did not have dementia.17

The exclusion criteria were as follows: history 
of severe psychiatric or neurological disorders; 
current abuse of chemical substances; use of ace-
tylcholinesterase inhibitors; significant communi-
cation deficiencies; simultaneous participation in 
other studies; regular physical activity at least once 
a week; physical therapy treatment in the three 
months prior to this study; physical and functional 
limitations that prevented the practice of exercises; 
suffering from diseases that cause disabilities; 
severe visual deficits; recurrent vertigo; and uncon-
trolled systemic arterial hypertension.

Outcome measures

Before each data collection, researchers were 
trained on the application of tests and instruments. 
The participants were assessed immediately 
before and immediately after the 24-week inter-
vention/control period, in their respective com-
munity centers. We collected sociodemographic 

and anthropometrical data, measured balance, 
mobility, and depressive symptoms.

Balance was measured using the Brazilian ver-
sion of the Berg Balance Scale18 and mobility using 
the Timed Up and Go Test.19 We applied the 
15-item Geriatric Depression Scale,20 which 
detects depressive symptoms in older adults. A 
score of 5 or more points diagnoses depression.20 
The Berg Balance Scale score was defined as the 
primary outcome; individuals scoring less than 45 
points may be at greater risk of falling.18

After the first tests, the participants were 
matched by sex, age, body mass index, and the 
Addenbrooke’s Cognitive Examination Revised 
score. One of the researchers not involved with the 
recruiting, testing, or training of participants 
received a spreadsheet with the participants’ code 
number and their data pertaining to the matching 
process. Participants were matched and then were 
randomly allocated in a 1:1 ratio to one of the two 
groups, intervention or control. The allocation was 
defined by a computer-based (Microsoft Excel) 
random number sequence: a final odd number 
would mean intervention group and a pair number 
control.

Intervention

Community centers, parks, and streets near the par-
ticipants’ residences were used for the activities. 
The intervention group participated in twice 
weekly sessions of group exercises (60 minutes 
each), with volume and intensity regularly 
adjusted.13 Before and after the exercises, the par-
ticipants had their blood pressure and radial pulse 
measured and performed stretching exercises. 
Once a week, the participants wore a heart rate 
monitor to ensure aerobic conditioning by working 
within the range between 60% and 75% of their 
maximal heart rate, individually determined by the 
formula “HRmax = 220 − age.”21 The materials 
used for strength training were ankle weights, elas-
tic bands, dumbbells, and balls. For aerobic train-
ing, the participants walked for 20 minutes at their 
target training heart rate during the first month. 
This time was gradually increased to 30 minutes by 
the 11th week and maintained until the end of the 
24th week.13
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Figure 1.  Flow diagram of subjects in the study (used with permission).13

MCI, mild cognitive impairment.
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Figure 2.  Intervention timeline.

At the beginning of the study, we phoned all the 
intervention group participants to remind them of 
the training sessions. If one of the participants 
missed a session, an extra one was offered to him 
or her as soon as possible.

The participants of the control group were asked 
to keep their usual life routine. Once a month, they 
were contacted by telephone with the purpose of 
detecting involvement in any kind of activity that 
was not part of their routine.

Data analysis

Based on the after-intervention Berg Balance Scale 
data presented for both groups in Table 2, consider-
ing a power of 80% and α of 5%, it was determined 
that 20 participants would be necessary in each 
group.

Variables were coded and the data were sent to a 
statistician with no connection to the research 
group, who run the statistical analysis blinded to 
both variables’ identification and the study details.

A significance level of 5% was adopted. The 
Shapiro–Wilk test was used to assess the distribu-
tion of continuous data and the following tests were 
used: Pearson’s chi-square test with continuity cor-
rection, Fisher’s exact test (Monte Carlo simula-
tion), Student’s t-test, and Mann–Whitney’s U-test. 
Two-way repeated-measures analysis of variance 
(ANOVA) was used to investigate the time-by 
-group interactions, with study of the sphericity 

assumptions (Box’s M and Mauchly’s tests). When 
the assumption of sphericity was not met, correc-
tion occurred by the Greenhouse–Geisser Epsilon. 
Bonferroni correction was applied to adjust for 
multiple comparisons of the means for the main 
effects. The calculation of the effect size of continu-
ous variables was performed using Cohen’s d, and 
the categorical variables were assessed using 
Cramer’s V statistics.

Results

In the course of the study, out of the 60 recruited 
subjects, four intervention group participants were 
excluded. One of them had fallen when making 
repairs to a roof, two women withdrew to take care 
of family members, and another one was not 
allowed by her son to continue the exercises. 
Consequently, their control group pairs were also 
excluded. Hence, the final sample was composed 
of 52 participants (Figure 1).

The sociodemographic and anthropometric char-
acteristics of the sample are presented in Table 1, 
which show that the two groups did not differ statis-
tically in any of the variables analyzed. There was a 
predominance of overweight, low-educated, White 
women over 70 years, who did not live with a part-
ner and had worked outside their homes.

Before the study, the two groups did not differ in 
terms of the functional characteristics assessed, the 
median Geriatric Depression Scale score, and the 
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Table 1.  Sociodemographic and anthropometric characteristics of the two groups of the sample at the beginning 
of the study (used with permission).13

Variables Group P-value

Intervention
(n = 26)

Control
(n = 26)

Sexa

Female 20 (76.9) 20 (76.9) >0.999b

Male 6 (23.1) 6 (23.1)
Marital statusa

Lives with a partner 11 (42.3) 8 (30.8) 0.565b

Does not live with a partner 15 (57.7) 18 (69.2)
Educationa

Illiterate 6 (23.1) 8 (30.8) 0.798c

Low educational level 13 (50) 11 (42.3)
Mean educational level 7 (26.9) 7 (26.9)
Self-declared ethnicitya

White 16 (61.5) 13 (50) 0.775d

Black 6 (23.1) 10 (38.5)
Mestizo 3 (11.5) 2 (7.7)
Indigenous 1 (3.8) 1 (3.8)
Other  
Religiona

Catholic 15 (57.7) 20 (76.9) 0.223d

Evangelical 8 (30.8) 3 (11.5)
Spiritist/Umbandist 2 (7.7) 3 (11.5)
Other 1 (3.8)  
Professiona

Works/worked outside the home 19 (73.1) 19 (73.1) >0.999b

Did not work 7 (26.9) 7 (26.9)
Age (years)
Mean ± SD (range) 72.6 ± 7.8 (60.7–88.3) 71.9 ± 7.9 (60–88) 0.740e

Body mass index (kg/m−2)
Mean ± SD (range) 27.8 ± 4.4 (17–37.1) 26.3 ± 5.1 (15.7–37.5) 0.268f

aPercentages obtained based on the total of each group and presented in n (%); low educational level: up to 8 years of schooling; 
mean educational level: 9 to 11 years of schooling.
bPearson’s chi-square test with continuity correction.
cPearson’s chi-square test.
dFisher’s exact test.
eStudent’s t-test for independent groups assuming variance homogeneity.
fStudent’s t-test for independent groups assuming variance heterogeneity.

presence of depressive symptoms (Table 2). At the 
end, we observed a significant difference between 
the groups in the final Berg Balance Scale 
scores (Table 2), indicating that the mean in the 
intervention group was greater than that of the 
control group. There was a significant intra-group 

difference only in the intervention group, which 
presented a mean increase of 3.9%. We observed 
a time-by-group interaction (F(1,50) = 12.89; 
P = 0.001; power = 94.1%), which indicated a 
differentiated variation between the initial and the 
final means of the Berg Balance Scale scores in the 
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Table 2.  Comparison of depressive symptoms and functional characteristics in the two groups of the sample, 
before and after intervention.

Variables Group Between-group 
difference, (95% CI)

P-value

Intervention
(n = 26)

Control
(n = 26)

BBS, before (points)
Mean ± SD (range) 53 ± 3 (45–56) 54.1 ± 2.3 (48–56) −1.1 ± 0.7 (−2.5 to 0.4) 0.148a

BBS, after (points)
Mean ± SD (range) 55.1 ± 1.1 (52–56) 53.3 ± 3 (46–56) 1.8 ± 0.6 (0.5 to 3.0) 0.008a

Within-group difference
Mean ± SD −2.1 ± 2.5 0.8 ± 3.2  
95% CI (−3.1 to −1.1) (−0.5 to 2.0)  
P-valueb <0.001 0.227  
TUG, before (seconds)
Mean ± SD (range) 10.7 ± 2.9 (6.6–17) 9.8 ± 2.1 (6.2–14.5) 0.9 ± 0.7 (−0.5 to 2.3) 0.198a

TUG, after (seconds)
Mean ± SD (range) 8.3 ± 2 (5.8–13.4) 9.7 ± 1.4 (7–12) −1.3 ± 0.5 (−2.3 to −0.4) 0.007a

Within-group difference
Mean ± SD 2.4 ± 1.8 0.1 ± 0.8  
95% CI (1.7 to 3.1) (−0.6 to 0.9)  
P-valueb <0.001 0.701  
GDS-15, beforec

Median (first–third quartile) 4 (1.8–6) 3.5 (2–7.3) −0.7 (0.3 to 1.0) 0.543d

GDS-15, afterc

Median (first–third quartile) 2.5 (1–4) 4 (2–5.3) −0.7 (0.5 to 1.1) 0.228d

Within-group difference
Median (first–third quartile) 1.1 (1.0 – 6.0) 1.0 (2.0 – 6.8)  
95% CI (0.9 to 2.3) (0.6 to 1.7)  
P-valuee 0.035 0.038  
Depressive symptoms, beforef

Yes 11 (42.3) 13 (50) 3 (7.7) 0.578g

Depressive symptoms, afterf

Yes 5 (19.2) 10 (38.5) 5 (19.3) 0.126g

Within-group difference
n (%) 6 (23.3) 3 (11.5)  
P-valueh 0.031 0.431  

aStudent’s t-test for independent groups assuming variance homogeneity.
bStudent’s t-test for matched data.
cVariable with asymmetric distribution.
dMann–Whitney’s U-test.
eWilcoxon’s test.
fPercentages obtained based on the total of each group and presented in n(%).
gPearson’s chi-square test with continuity correction.
hMcNemar’s test.
CI, confidence interval; BBS, Berg Balance Scale; TUG, Timed Up and Go Test; GDS-15, 15-item Geriatric Depression Scale 
(Yesavage version with 15 questions); depressive symptoms: absolute number of individuals (%) with a GDS-15 score ⩾5.
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two groups. At the same time that the mean in the 
control group was reduced in the final assessment, 
the intervention group exhibited a significant 
increase. In the estimation of the effect size in the 
intra-group comparisons, we detected a large effect 
in the intervention group (Cohen’s d = 0.93; 
P = 0.001) and a small effect in the control group 
(Cohen’s d = 0.29; P = 0.158).

In the comparison of the Timed Up and Go Test 
score between the groups at the end of the study 
(Table 2), we observed a statistically significant 
difference, indicating a greater mean time in the 
control group in comparison with the intervention 
group. The intra-group comparison indicated a 
significant difference in the intervention group 
which, at the end of the study, exhibited a 22.4% 
reduction in the Timed Up and Go Test mean score 
in comparison with the initial mean, whereas the 
mean in the control group practically remained 
unchanged. We observed time-by-group interac-
tion (F(1,50) = 20.64; P = 0.002; power = 99.4%), 
confirming that the intervention group and the 
control group exhibited different variation between 
the initial and the final means. There was a large 
effect size in the intervention group (Cohen’s 
d = 0.96; P < 0.001) and a small effect in the con-
trol group (Cohen’s d = 0.06; P > 0.999).

The data obtained with the Geriatric Depression 
Scale were analyzed in two ways (Table 2), 
namely, comparison of the median scores 
obtained before and after the intervention; and 
the percentage of participants with scores indica-
tive of depressive symptoms (Geriatric Depression 
Scale ⩾ 5). Independent of how the Geriatric 
Depression Scale data were analyzed, the between-
group comparisons did not indicate statistically 
significant differences before or after the inter-
vention. In addition, we did not observe time-by 
-group interaction (F(1,50) = 0.01; P = 0.908; 
power = 5.1%). However, intra-group comparisons 
indicated a significant reduction in the interven-
tion group’s final median score, whereas the con-
trol group’s final median score showed a significant 
increase. There was a small size effect both in the 
intervention group (Cohen’s d = 0.47; P = 0.037) 
and the control group (Cohen’s d = 0.36; P = 0.043). 
There was also a significant reduction in the per-
centage of participants with scores indicative of 

depressive symptoms in the intervention group at 
the end of the intervention, whereas the reduction 
in the control group was statistically irrelevant. 
This way, the reduction in the intervention group 
presented a large size effect (Cramer’s V = 0.57; 
P = 0.007), whereas in the control group, the effect 
size was small (Cramer’s V = 0.17; P = 0.032).

The mean frequency at the training sessions was 
89.5% of the total 48 sessions. Among the 26 inter-
vention group participants, two never missed the 
sessions, 11 missed between one and six, and the 
remaining half missed seven.

Discussion

This study found that older adults with mild cogni-
tive impairment, who performed group exercises in 
the community centers of their own respective 
communities, improved their balance and mobility, 
and reduced depressive symptoms. However, in 
general terms, the older adults of the control group 
kept their initial scores unchanged.

At the beginning of the study, both groups pre-
sented Berg Balance Scale scores consistent with 
low risk of falls (⩾45 points).18 This was an 
expected finding, as independence in daily-life 
activities was a definitive criterion for the diagno-
sis of mild cognitive impairment.17 Furthermore, 
participants could not present a high risk of falling 
as they were expected to go independently from 
their homes to the place where the tests and the 
intervention occurred.

Nevertheless, as far as fall risk is concerned, the 
need for providing specific training to sedentary 
older adults with mild cognitive impairment is seen 
in the significant time-by-group interaction and the 
small effect size found in the analysis of the control 
group’s balance data. This is particularly relevant 
as there is evidence that the prevalence of falls 
among them is twice that of cognitive intact older 
adults and this impairment can increase the risk for 
falls.11 Furthermore, age-associated physiological 
losses are greater in mild cognitive impaired 
subjects8 and they exhibit less balance control than 
those who keep their normal cognitive function.8,22 
One of the factors that may be related to this more 
expressive balance deficit in older adults with mild 
cognitive impairment is the marked modification 
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that occurs in the contents of their white matter, 
besides other neuroanatomical changes in their 
brains compared to those cognitively normal.8

In addition to the improvement in balance, the 
intervention group also exhibited improvement in 
mobility. Despite being a simple and easily applied 
test, the Timed Up and Go Test can be seen as a 
sequence of different complex subtasks, including 
positioning, coordination, rotations, strength of 
lower limbs, and balance. Therefore, the improve-
ment in the performance of these older adults in 
the Timed Up and Go Test not only means greater 
mobility, but also improvement in the integration 
of cognitive resources needed to perform the test.23 
This improvement in balance and mobility found 
in our study corroborates the findings of other 
researchers.22,24

Also relevant is the fact that the exercises were 
performed in group, as they can lead to the improve-
ment in the social component of quality of life,25 as 
well as cognitive function.26 Furthermore, older 
adults without dementia who performed social 
activities more frequently exhibited reduced rates 
of decline in their global cognitive function.27 
These findings25–27 emphasize the importance of 
conducting group exercises with older adults with 
mild cognitive impairment, as we did.

In order to guarantee high attendance, we tele-
phoned every time a participant missed a training 
session and tried to schedule an extra one. This 
strategy was successful, as can be seen in the mean 
attendance rate (89.5%), but also in the interven-
tion group low withdrawals (4/30). It is possible 
that this association of strategies led to the gradual 
creation of a bond which, in turn, led to greater 
consistency in training and may have positively 
influenced the gains of the intervention group.28

Although none of the groups achieved a median 
Geriatric Depression Scale score compatible with 
depression at any stage of the study, a great effect size 
was observed in the reduction of the number of inter-
vention group participants whose scores were com-
patible with depressive symptoms. These findings 
become even more relevant when we consider that 
depressive symptoms are common in older adults 
with mild cognitive impairment and can increase the 
risk of dementia or accelerate its progression.29 In 
addition, mild cognitive impairment may facilitate 

the occurrence of depression over time,9 and, conse-
quently, a shared etiology between neurodegenerative 
and psychiatric disorders has been suggested.30

Another aspect to be taken into consideration is 
that, generally, depression is treated with drugs.9 
However, only less than half of older adults with 
major depression achieve remission undergoing 
drug treatment. These data are even more worrying 
because cognitive impairment may prevent older 
adults from complying with treatments and affect 
other aspects that are fundamental to ensuring the 
success of any therapeutic measure.9 This fact 
emphasizes the importance of promoting exercises 
in this population, given that older adults with mild 
cognitive impairment are more likely to exhibit 
symptoms of depression in comparison with those 
without.30 Exercises and social contact can pro-
mote both functional—as confirmed by our 
results—and psycho-affective benefits,30 which 
could prevent the emergence of depression and a 
possible accelerated progression to some form of 
dementia. In this sense, strength and aerobic exer-
cises performed in group in the community repre-
sent an affordable, simple, and relatively low-cost 
means of preventing the development or worsening 
of depressive symptoms in older adults with mild 
cognitive impairment, particularly considering that 
they lead to the improvement of mood and execu-
tive function in this population group.30

A limitation of our study was the fact that it was 
impossible to blind participants or people deliver-
ing the intervention. Another limitation is the lack 
of a longer follow-up, which, for instance, would 
allow us to see if the intervention group gains would 
be maintained and for how long. A longer follow-up 
would also allow us to determine whether or not the 
losses presented by the control group would be 
accentuated or if those aspects, unchanged signifi-
cantly over 6 months, would remain so.

A further limitation of our study is the fact that 
its sample did not achieve the necessary size to 
detect a significant between-group difference in the 
depressive symptoms data, according to the sample 
size calculations. Regardless of this, the significant 
reduction in the intervention group’s median GDS 
score and the concomitant significant increase in 
the control group’s, both findings with significant 
effect size, indicate the positive impact of the group 
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exercises on the participants’ mood, as well as the 
deterioration among those of the control group.

The main implication of our study for clinical 
practice and/or future research is that the designed 
group exercise protocol is a viable, low-cost way 
of helping maintain balance, mobility, and mood in 
a population otherwise more prone to lose physical 
and cognitive function3 and develop depressive 
symptoms.9 Moreover, the exercises can be carried 
out in relatively small places and monitoring the 
participants’ progress is possible through the use of 
simple and easy-to-apply tests, such as those we 
adopted, which are also adequate for use where 
space is an issue. Another contribution from our 
study for clinical practice and/or future research is 
the successful strategies adopted for keeping the 
participants from forgetting to attend the exercise 
sessions and maintaining the necessary training 
volume. This is particularly relevant for longer 
periods of training, as it is more likely that other 
commitments will lead to missed sessions. Thus, 
programs must be designed with a degree of flexi-
bility and/or compensation for those times when 
subjects cannot exercise, besides providing means 
of increasing bonding and commitment to contin-
ued attendance. In terms of future research, it 
would also be interesting to determine the effects 
of cognitive training used in conjunction with 
group exercise for this population, besides having a 
follow-up period.

Clinical messages

•• Aerobic and strength group exercise 
undertaken in their own community 
improved balance, mobility, and depres-
sive symptoms in older adults with mild 
cognitive impairment.

•• This group exercise program is viable to 
incorporate in communities and could 
promote the health in older adults with 
mild cognitive impairment.
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