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Abstract Introduction: Information about how physical exercise affects patients with amnestic mild cognitive
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impairment (aMCI) due to Alzheimer’s disease (AD) is still missing. This study evaluated the impact
of multicomponent exercise training on cognition and brain structure in aMCI subjects with cerebral
spinal fluid positive AD biomarkers.
Methods: Forty aMCI subjects were divided in training (multicomponent exercise thrice a week for
6 months) and nontraining groups. Assessments included cardiorespiratory fitness, neurocognitive
tests, and a structural magnetic resonance imaging using 3.0 T scanner. FreeSurfer software analyzed
hippocampal volume and cortical thickness.
Results: The training group showed increased volume in both hippocampi and better performance in
episodic memory test after 6 months. In contrast, the nontraining group declined in functional activ-
ities, recognition, and cardiorespiratory fitness for the same period.
Discussion: Multicomponent exercise seems to improve hippocampal volume and episodic memory,
and maintains VO2max in aMCI due to AD.
� 2018 Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: aMCI due to AD; Multicomponent exercise; Cognition; Hippocampus; Cortical thickness
1. Introduction

Over the past few decades, much effort has been made to
develop a treatment that could bring some cognitive
improvement in patients with Alzheimer’s disease (AD),
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because the current pharmacologic treatment available has
limited effects. Identifying and targeting subjects at risk
for developing dementia (i.e., amnestic mild cognitive
impairment [aMCI] subjects), as well as developing non-
pharmacologic treatments are research priorities. In this
context, physical exercise has been demonstrated to be an
effective nonpharmacologic strategy for combating cogni-
tive decline and hippocampal degeneration in the cogni-
tively healthy elderly [1–5] and in those with genetic risk
for AD [6]. Similarly, converging evidence demonstrated
ation. This is an open access article under the CC BY-NC-ND license (http://
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the benefits of practicing aerobic, resistance, or balance
training on cognition [7–9] and hippocampal volume
increase [10] in aMCI subjects.

Another type of exercise, which has been gaining prom-
inence, is the multicomponent exercise program (MEP).
By definition, the MEP is a program that contains aerobic
and resistance exercises, balance, coordination practicing,
and flexibility stimulation in its core. Interestingly, previous
studies have suggested that the combination of exercise reg-
imens has better wide-ranging effects on old adults than just
one type of exercise [11], possibly having a larger effect on
cognition than either aerobic or strength training programs
alone. Similar to aerobic and resistance interventions, the
MEP training is also associated with improvement in general
global cognitive status in aMCI subjects [12] and in patients
with AD [13]. Furthermore, besides improving logical mem-
ory and maintaining general cognitive function, MEP
training was associated with less whole brain cortical atro-
phy in older adults with aMCI [14].

Although physical exercise clearly shows some benefits
in cognition and even in brain structure in the elderly, it is
not well established if MEP training can have these effects
in aMCI subjects with pathophysiological evidence of AD
(i.e., amyloidosis and neurodegeneration shown by altered
p-tau or hippocampal atrophy). Including only aMCI sub-
jects due to AD in our sample diminishes the heterogeneity
of these subjects and aid in selecting the appropriate popula-
tion for preclinical therapeutic intervention. Because the
diagnostic criteria for MCI in previous studies emphasize
the presence of memory complaints and the absence of de-
mentia, the diagnostic accuracy can be lower, especially in
this early phase when the symptoms are vague. To answer
this question, we assessed the influence of a 6-month MEP
training on episodic memory and functional activities, as
well as on the brain structure (cortical thickness and hippo-
campal volume) in aMCI with pathophysiological evidence
of AD.
22 subjects started 
the training group

(T)

2 subjects excluded:
30% absence in the 

sessions
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did not do the tests in 

Time 2
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Fig. 1. The flow chart of recruitment and exclusion of participants. Abbre-

viations: aMCI, amnestic mild cognitive impairment; MRI, magnetic reso-

nance imaging.
2. Methods

2.1. Study design

We conducted a 26-week, single-blinded, MEP inter-
vention trial with sedentary older participants diagnosed
with aMCI (mean age 68.3 6 4.8, 56.5% female). The
study was approved by the ethics committee of University
of Campinas and all participants signed a written informed
consent before any procedure. The study had a total of 40
participants, who were divided into two groups: Training
(T, n 5 20) and nontraining (NT, n 5 20), according to
their own will of participation (nonrandomized). All par-
ticipants underwent neuropsychological assessment, mag-
netic resonance imaging (MRI) scanning, and aerobic
fitness examination twice: 1 week before the intervention
period (time 1) and 1 week after the 26-week intervention
period (time 2) (Fig. 1).
2.2. Participants

Participants were diagnosed as aMCI by using the core
criteria of the National Institute on Aging/Alzheimer’s Asso-
ciation for MCI [15,16] and had a Clinical Dementia Rate
[17] score of 0.5 (with an obligatory memory score of
0.5), estimated on the basis of a semistructured interview.
All participants had pathophysiological evidence of
AD in cerebral spinal fluid (CSF; amyloid beta
[Ab]1–42 , 416.5 pg/mL and Ab1–42/p-tau , 9.5 pg/mL)
[18], memory cognitive complaint confirmed by poor perfor-
mance on episodic memory test (Rey Auditory Verbal
Learning Test [RAVLT]) [19], and the absence of dementia.
We excluded individuals with any cardiologic disease that
could compromise the exercise performance, other neuro-
logic or psychiatric diseases, Hachinski ischemic score
[20].4, Fazekas scale.1 [21], head injury with loss of con-
sciousness, use of sedative drugs 24 h before neuropsycho-
logical testing, history of drug or alcohol addiction, and
prior chronic exposure to neurotoxic substances. T and NT
groups did not differ in age, gender, body mass index, activ-
ity level (self-reported mean endurance per week), or medi-
cine intake (anticholinesterase, beta-adrenergic blocking
agents, metformin, diuretics, antihyperlipidemic statins,
antidepressive, anxiolytic, thyroid medication) (see “base-
line group comparison”).
2.3. Aerobic fitness assessment

After obtaining the physician’s approval to engage in
cardiorespiratory fitness testing, the participants performed
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a graded maximal exercise test, the protocols of which con-
sisted of start walking at a speed of 3 mph without slope, and
then increase 2% every 2-minute intervals. Measures of ox-
ygen uptake, heart rate, and blood pressure were continu-
ously monitored by a cardiologist. The test was finished
when the subject reached volitional exhaustion and/or symp-
tom limitation.

Measures of oxygen utilization during a treadmill test
provide a direct index of cardiorespiratory fitness (consid-
ered the gold standard). Oxygen uptake peak (VO2 peak)
or VO2max indicates the functional capacity of cardiorespira-
tory function and is often considered as the benchmark indi-
cator of cardiorespiratory fitness [22]. VO2max was defined
as the highest recorded VO2 value after two of the three
criteria were met [1]: a plateau in peak VO2 between two
or more workloads [2]; a respiratory exchange ratio
.1.00; and [3] a heart rate equivalent to their age-
predicted maximum.

In this test, we also calculated the anaerobic threshold and
the respiratory compensation point. The first one is defined
as the level of exercise intensity in which lactic acid builds
up in the body faster than it can be cleared away, whereas
the second one is the metabolic rate for a maximal incremen-
tal test, from which the control of the acid-base balance is
lost [23]. In addition, metabolic equivalent of task (MET)
scores (1 MET5 1 kcal/kg/h or 3.5 mL/kg/min) were calcu-
lated to assess the self-reported physical activity level
through International Physical Activity Questionnaire [24].
2.4. Neuropsychological evaluation

Neuropsychologists administered to all participants a
cognitive, functional, and neuropsychiatric battery without
knowledge of clinical diagnosis. Global cognitive status
was measured using the Mini-Mental State Examination
[25], and episodic memory was evaluated by the RAVLT
(subitems encoding—RAVLT, delayed recall-A7, and
recognition-Rec) [19]. To evaluate the presence of con-
founding depressive symptoms, we used Beck Depression
Inventory [26]. We used the Pfeffer Functional Scale [27]
to evaluate functionality. The test assesses 10 common activ-
ities, focusing on complex cognitive/social functioning. The
informant report’s total score (range 0–10, meaning 0 inde-
pendency in functional activities and 10 great dependency
on them) was obtained.
2.5. MRI acquisition

All patients underwent MRI using a 3 T Achieva-Intera
Philips Scanner. Routine T1- and T2-weighted sequences
were performed for all subjects to exclude unrelated abnor-
malities. We used volumetric T1-weighted images of the
brain acquired using a standard eight-channel head coil:
sagittal orientation; voxel matrix, 240 ! 240 ! 180; voxel
size, 1! 1! 1 mm3; repetition time/echo time, 7/3.201 ms;
and flip angle 8�.
2.6. CSF sample

CSF was obtained from all participants once (time 1), by
lumbar puncture of the L3/L4 or L4/L5 intervertebral space,
using a 25-gauge needle, and collected via a syringe in 12-
mL polypropylene tubes (Sarstedt, N€umbrecht, Germany).
A small amount of CSF was used for routine analysis,
including total cells (leucocytes and erythrocytes), total pro-
tein, and glucose. Within 2 hours, CSF samples were centri-
fuged at 800g for 10 minutes to remove cells and stored at
280�C until AD biomarker analysis for protein analysis.
CSFAb1–42, total tau, and p-tau proteins were measured us-
ing Inno-Bia Alzbio3 kit (Innogenetics, Gent, Belgium).

2.7. Intervention protocol
2.7.1. T group
The goal of the MEP sessions was to accumulate 30 mi-

nutes of different types of exercises in the intensity pre-
scribed by the treadmill test (see “aerobic fitness
assessment” session). To achieve the target intensity, partic-
ipants were wearing a heart rate monitor during the training
sessions. We defined the target intensity being the minimal
heart rate value from the anaerobic threshold and the
maximum value from the respiratory compensation point.
Although both thresholds were individualized in the test,
we could estimate an intensity between 70% and 90% of
the maximum heart rate of each participant.

In each session, 10 minutes were dedicated for warming
up and cooling down (5 minutes at the beginning of the ses-
sion and 5 minutes at the end). During the first 4 weeks of the
intervention, the sessions were shorter (between 20 and
30 minutes/session), so the participants could start feeling
more confident doing the proposed exercise, using the
monitor, and trying to achieve the target heart rate. From
the fifth week onward, the participants were stimulated to
achieve and maintain the target heart rate as much as
possible during the 30 minutes of core content. A range of
aerobic exercises was offered including outdoor walking
and jogging, circuit training using rubber bands, exercises
using different kinds of balls, and dancing. Once a week,
the exercise was walking or jogging, depending on the
participant condition. The others two sessions of the week
included circuit training, in which the participants had to
do some resistance exercises using rubber bands and be-
tween the exercises had towalk or run; sports like basketball,
volleyball, and tennis adapted to the elderly; or dancing.

2.7.2. NT group
Participants in the NT group did not take part in any inter-

vention session. They were advised to continue with their
normal routine, but without initiating any new activity,
including physical exercise. We kept track of it by calling
them weekly and asking about their activities. In addition
to that, the treadmill test showed their unchanged aerobic
fitness at the end of the intervention period.



Table1

Comparison of baseline characteristics between training (T) and nontraining

(NT) groups

Characteristics T NT P value

Gender (% female) 60% 61% .94

Age (y) 69.4 (5.2) 68.9 (5.5) .86

Education (y) 8.3 (5.7) 6.9 (4.2) .25

Body mass index 26.3 (4.2) 27.5 (3.9) .44

Medicine for, n (%)

Hypertension 6 (30) 6 (30) .82

Diabetes 3 (15) 2 (10) .72

Dyslipidemia 4 (20) 1 (5) .34

Depressive symptoms 7 (35) 6 (30) .91

Anticholinesterase 2 (10) 3 (3) .72

Cognitive performance

PFS score 1.9 (3.1) 1.8 (3.6) .95

MMSE score 26.3 (2.1) 25.5 (2.2) 1.0

RAVLT score 31.0 (8.0) 35.7 (15.6) .10

RAVLTA7 4.0 (2.7) 4.9 (3.5) .15

RAVLT Rec 5.5 (6.1) 9.3 (4.6) .34

BDI 6.2 (6.4) 7.2 (9.6) .14

CSF biomarkers

Ab1–42 (pg/mL) 370.4 (195.6) 355.16 (118.8) .78

Total tau (pg/mL) 86.3 (52.3) 74.7 (37.7) .64

p-tau (pg/mL) 38.3 (20.3) 43.5 (24) .22

Physical performance

IPAQ (METs/wk) 18.6 (18.5) 18.2 (20.8) .72

VO2max (mL/kg/min) 19.7 (5.4) 18.9 (3.6) .08

Abbreviations: Ab1–42, amyloid beta; BDI, Beck Depressive Inventory;

CSF, cerebral spinal fluid; IPAQ, International Physical Activity Question-

naire;MET, metabolic equivalent of task;MMSE,Mini-Mental State Exam-

ination; PFS, Pfeffer Functional Scale; p-tau, tau phosphorylated; RAVLT

encoding, encoding of Rey Auditory Verbal Learning Test; RAVLTA7, de-

layed recall of Rey Auditory Verbal Learning Test; RAVLT Rec, Rey Audi-

tory Verbal Learning Test true recognition (i.e., recognition minus false

positives); Total tau, total tau protein; VO2max, maximum oxygen intake.

NOTE. Data are presented as average (standard deviation).
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2.8. MRI preprocessing

To calculate cortical thickness and hippocampal volume,
structural T1-weighted images were analyzed using Free-
Surfer software (V. 5.3.) (http://surfer.nmr.mgh.harvard.
edu/) [28]. Images were corrected for inhomogeneity from
magnetic field, ranged to Talairach and Tournoux atlas
[29], and skull-stripped. Voxels were labeled as white and
gray matter, and CSF. Cortical thickness was calculated as
the shortest distance between the pial and white surface at
each vertex across the cortical mantle. We used a Gaussian
filter with 10-mm full width half maximum for smoothing.
We estimated total intracranial volume, and the volume for
both hippocampus was calculated. We considered 34 bilat-
eral cortical regions defined by parcellation according to
the anatomic atlas of Desikan et al. [30]. All the metrics
were analyzed later on, using IBM Statistical Package for
the Social Sciences version 22 (SPSS Inc, Chicago, IL).

2.9. Statistical analysis

Using SPSS, we first tested the normal distribution of the
data using the Kolmogorov-Smirnov test. To verify if there
were differences between groups at baseline (time 1), we
did a t test for independent samples and c2 test was used
for comparison of categorical variables, such as sex. Groups
were considered similar when P . .05. The intervention ef-
fect was first analyzed using analysis of variance (ANOVA)
for repeated measures with “group” (T and NT) as between-
groups factor and “time” (time 1 and time 2) as within-groups
factor. We aimed to verify the intervention effect on the
following dependent variables: cognition, functional depen-
dency, aerobic fitness, cortical thickness, and hippocampal
volume. As our data satisfied the sphericity condition
(Mauchly’s test, P. .05), SPSS already corrects for multiple
comparisons [31].

3. Results

3.1. Baseline group comparison

Comparison between T and NT at time 1 showed that
there was no significant difference between groups in any
baseline characteristics (Table 1).
3.2. Aerobic fitness change

Repeated measures ANOVA yielded a significant
between-groups interaction for VO2max, indicating a differ-
ence between the two groups in maximum oxygen consump-
tion after the intervention (higher in the T group). Paired
t test showed a significant decrease in VO2max for the NT
group after 6 months, whereas the T group had a stable
VO2max (Table 2, Fig. 2).
3.3. Cognition and functional activities changes

ANOVA for repeated measures indicated a significant
time ! group (between-group) interaction in Pfeffer Func-
tional Scale. RAVLTA7, and RAVLT Rec, indicating a dif-
ference between T and NT in functional and memory scales
after the intervention. Paired t test demonstrated an improve-
ment in RAVLTA7 for the T group, and a significant worse
result in Pfeffer and RAVLT Rec in the NT group after the
training period (Table 2).

3.4. Cortical thickness change

T group showed increased values in various cortical areas
after the intervention period, whereas the NT group showed
significant atrophy in those areas. As shown in Table 3,
ANOVA displayed a significant time ! group interaction
for several areas in the left and right hemispheres. However,
such results did not survive after false discovery rate correc-
tion for multiplicity.

3.5. Hippocampal volume change

As our group of interest was aMCI, wewanted to focus on
hippocampal volume. Regarding this important area,
ANOVA demonstrated a significant interaction in
time ! group for both right and left hippocampi (Table 4).

http://surfer.nmr.mgh.harvard.edu/
http://surfer.nmr.mgh.harvard.edu/


Table 2

Effects of intervention in aerobic fitness, neuropsychological tests, and functional activity in training (T) and nontraining (NT) groups

T NT

Between-group

(T time 2 vs.

NT time 2)

T paired t test (time

2 2 time 1)

NT paired t test T

(time 2 2 time 1)

Variables Time 1 Time 2 Time 1 Time 2 F P value t P value t P value

VO2max 19.7 (5.4) 21.8 (6.5) 18.9 (3.6) 15.9 (3.9) 15.7 .004 21.7 .09 7.0 .00002

PFS 1.9 (3.1) 1.5 (1.7) 1.8 (3.6) 2.6 (2.9) 5.7 .034 0.98 .35 23.19 .009

MMSE 26.3 (2.1) 24.53 (6.2) 25.5 (2.2) 25.95 (2.5) 1.3 .26 1.6 .13 0.32 .75

RAVLT 31.0 (8.0) 34.6 (11.3) 35.3 (15.0) 34.6 (10.0) 0.16 .68 20.52 .61 0.54 .60

RAVLTA7 4.0 (2.7) 5.9 (5.1) 4.9 (3.5) 5.2 (3.6) 4.6 .045 22.4 .04 0.35 .73

RAVLT Rec 5.5 (6.1) 8.6 (9.6) 9.3 (4.6) 5.1 (8.8) 7.8 .018 21.51 .15 2.8 .02

Abbreviations: PFS, Pfeffer Functional Scale; MMSE, Mini-Mental State Examination; RAVLT encoding, encoding of Rey Auditory Verbal Learning Test;

RAVLTA7, delayed recall of ReyAuditory Verbal Learning Test; RAVLTRec, Rey Auditory Verbal Learning Test true recognition (i.e., recognitionminus false

positives); VO2max, maximum oxygen intake.

NOTE. Data are presented as average 6 standard deviation. P values are in bold with statistical significant (P , .05 or P , .01).
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Analysis within-groups confirmed a significant change only
for the T group in both hippocampi, whereas NT did not pre-
sent any significant difference.
4. Discussion

In the present article, 6 months of MEP training was
effective in maintaining cardiorespiratory fitness and
increasing significantly right and left hippocampal volume
in a sample with aMCI due to AD. Furthermore, the group
that participated in the intervention showed better episodic
memory and maintained functional activities, whereas the
group that did not participate decreased in those variables.
To our knowledge, this is the first study that examines the ef-
fect of an MEP training on cerebral and clinical characteris-
tics of aMCI with pathophysiological evidence for AD.

The aMCI group who undertook the MEP training
showed a significant increase in volume in left, right, and to-
tal hippocampus of 9.64%, 8.72%, and 9.18%, respectively,
after the 6-month period, whereas the group that did not
engage in such training presented a volume loss of 2.82%,
2.19%, and 2.51% in the same regions. The increased hippo-
campal volume found here corroborate with a recent inves-
tigation, in which the participants with probable MCI had
0
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higher hippocampal volume by 5.6%, 2.5%, and 4% for
left, right, and total hippocampus after 6 months of aerobic
training [10]. The decrease in hippocampal volume found
in the NT group also aligns with the atrophy expected for
MCI subjects previously published (i.e., 2.53% per year)
[32]. Our primary finding about the increase in hippocampal
volume after the intervention period for the group that
engaged in physical training concurs and extends previous
observations [3,10,33].

The positive impact of training onVO2 peak should also be
mentioned. Our study showed that MEP training using an in-
tensity basedonaerobic thresholdwas effective inmaintaining
VO2peak in elderlywith aMCIdue toAD.VO2max decline rate
is around 20% per decade at the age of 70 and older, demon-
strating a much higher rate when compared with 3% to 6%
rate in the 20s and 30s [34]. Although for most healthy adults
VO2max has little bearing on everyday life (and is perhaps of
lesser practical concern), in the aging population the decline
in VO2max is of such importance that the ability of elderly in-
dividuals to performeveryday tasks becomegreatly dependent
on VO2max [35]. Maintaining aerobic fitness means, to the ag-
ing population, preventing or delaying everyday tasks’ depen-
dency, reducing mobility, and mortality.

Besides increase in hippocampal volume and aerobic
fitness, the T group showed better episodic memory (recall
and recognition) after the intervention, whereas the group
that did not undertake the intervention performed worse in
episodic memory (recognition) and daily functional activ-
ities tests. Although previous studies have already found a
positive impact of aerobic exercise on cognition of MCI
[36–39], the present work differs from the others by its
inclusion criteria. For instance, even mild levels of
depression can produce significant functional impairment
[40], and exercise is known to affect mood/apathy [41].
Because our aMCI participants had pathophysiological evi-
dence of AD and the absence of depressive symptoms, we
can say with relative certainty that the cognitive changes
observed after the training period were at least partly
because of the effects of intervention.



Table 3

Effects of intervention in cortical thickness in training (T) and nontraining (NT) groups

T NT

Between-group (T

time 2 vs. NT time

2) uncorrected

Between-group

(T time 2 vs. NT time 2)

false discovery

rate corrected

Cortical areas Time 1 Time 2 Time 1 Time 2 F P value P value

Bank of superior temporal sulcus 2.22 (0.2) 2.26 (0.1) 2.21 (0.1) 2.15 (0.1) 6.48 .016 .07

Caudal anterior cingulate gyrus 2.54 (0.2) 2.64 (0.3) 2.64 (0.3) 2.60 (0.3) 4.58 .041 .13

Entorhinal cortex 3.14 (0.4) 3.24 (0.3) 3.20 (0.5) 3.10 (0.5) 8.92 .006 .06

Fusiform gyrus 2.43 (0.2) 2.55 (0.2) 2.52 (0.2) 2.52 (0.2) 7.52 .01 .06

LH

Lingual gyrus 1.78 (0.1) 1.84 (0.1) 1.82 (0.1) 1.82 (0.1) 7.25 .011 .31

Inferior temporal gyrus 2.48 (0.2) 2.55 (0.2) 2.57 (0.2) 2.55 (0.2) 8.14 .008 .39

Middle temporal gyrus 2.53 (0.2) 2.60 (0.2) 2.53 (0.1) 2.53 (0.2) 8.12 .008 .30

Parahippocampal gyrus 2.55 (0.3) 2.60 (0.3) 2.70 (0.3) 2.66 (0.2) 4.16 .049 .39

Supra marginal gyrus 2.21 (0.2) 2.28 (0.1) 2.24 (0.1) 2.23 (0.1) 8.87 .006 .39

Temporal pole 3.56 (0.3) 3.67 (0.3) 3.42 (0.3) 3.41 (0.3) 6.2 .019 .07

Insula gyrus 2.75 (0.1) 2.8 (0.2) 2.70 (0.2) 2.63 (0.2) 6.64 .015 .27

RH

Isthmus cingulate gyrus 2.31 (0.3) 2.22 (0.2) 2.22 (0.2) 2.23 (0.2) 5.11 .031 .35

Pars orbitalis 2.44 (0.2) 2.48 (0.2) 2.44 (0.2) 2.40 (0.2) 4.36 .045 .38

Pars triangularis gyrus 2.20 (0.1) 2.23 (0.2) 2.19 (0.1) 2.15 (0.1) 8.79 .006 .19

Abbreviations: CC, corpus callosum; FL, frontal lobe; FTPL, frontotemporoparietal area; LH, left hemisphere; OL, occipital lobe; PL, parietal lobe; RH, right

hemisphere; TL,temporal lobe; TOL, temporal-occipital lobe.

NOTE. Data are presented as average (standard deviation).
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Under the biological underpinnings, physical exercise af-
fects some biological mechanisms that contribute to improve
neurocognitive function, such as enhanced cerebral blood
flow, synthesis of neurotransmitters, vascular brain neuro-
genesis, and regulation of neurotrophic factors [42–44]. A
recent study demonstrated, with a 3-month aerobic training
in healthy older adults, improvement in memory and recog-
nition and hippocampal volume are related to increased hip-
pocampal perfusion because of better fitness [5]. Aerobic
training may increase hippocampal volume by increasing
levels of a brain-derived neurotrophic factor, highly concen-
trated in hippocampus and cortex [45], which stimulate neu-
rogenesis and increase the complexity of dendritic network
[3,46]. Moreover, exercise is known as a powerful “tool”
against metabolic and cerebrovascular disease [47] and neu-
roinflammation, which are known to increase the risk of AD
[48]. Indeed, literature has shown the protective role of phys-
ical exercise against proinflammatory cytokines such as tu-
mor necrosis factor-alpha and interleukin 6 [39,49], which
seem to be higher in MCI subjects [50–52].

Our study has one major limitation that must be acknowl-
edged: the individuals were not randomly allocated to the
two different interventions, instead, the subjects were
trained or not based on their own interest and willingness.
Among its statistic disadvantages, nonprobability sampling
does not allow us to know how well we are representing
the population, and we face difficulties in estimating sam-
pling variability and identifying possible bias. Therefore,
we cannot certainly claim that the alterations observed after
the follow-up period were exclusive because of the MEP
training or consequence of other factors related to the will-
ingness of someone in engaging in such trainings. However,
we tried to control and balance as much as possible other
possible confounding factors between the two groups, such
as incidence of hypertension, diabetes, dyslipidemia,
depressive symptoms, use of medication, pathophysiolog-
ical level of tau and Ab1–42, and physical and cognitive per-
formance.

One of the National Institutes of Health Consensus and
State-of-the Science Statements concluded that although
there is no conclusive evidence that modifiable factor is
associated with reduction in the risk for AD, exercise inter-
ventions seem to present promising results [53]. The long
preclinical phase of AD provides a critical opportunity for
potential interventions, trying to change the trajectory of
cognitive decline and loss of independency known to occur
in patients with AD. Furthermore, therapeutic interventions
applied earlier would be more likely to modify the course of
disease. Most studies in the literature, however, present a
great variability in MCI characterization [54], in which a
substantial proportion of them will never convert to demen-
tia and will remain stable over years in their cognitive func-
tioning. Including only aMCI with pathophysiological
evidence of AD increases the chance that our patients are
really at a prodromal stage of AD.

Taken together, we found that supervised MEP training
not only contributes to the improvement in cardiorespiratory
fitness, memory performance, and functionality, but also in-
creases hippocampal volume in aMCI subjects due to AD.
Highlighting the many benefits of physical exercise for
aMCI subjects, future research should look into different in-
tensities of exercise, longer durations, and also follow-ups,



Table 4

Changes in hippocampal volume after the intervention period and comparison between groups

T NT

Between-

group (T time

2 vs. NT time

2)

Within-

group T

(time 2

2 time 1)

Within-

group NT

(time 2

2 time 1)

Time 1 Time 2 Time 1 Time 2 F P t P t P

Left hippocampal volume (mm3) 3258.5 (687.8) 3538.8 (416.0) 3486.3 (635.8) 3423.6 (665.5) 13.7 .00003 22.9 .007 1.04 .31

Right hippocampal volume (mm3) 3369.9 (714.6) 3663.6 (488.1) 3584.8 (606.9) 3544.8 (678.8) 8.0 .001 22.4 .03 0.56 .58

NOTE. Data are presented as average (standard deviation). P values are in bold with statistical significant (P , .05 or P , .01).
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focusing on the mechanisms that explore fully the direction
and nature of the association among physical exercise,
cognition, and brain.
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RESEARCH IN CONTEXT

1. Systematic review: Increasing evidence demon-
strates that physical exercise is an important modifi-
able factor not only for cardiovascular fitness but also
for brain health and dementia prevention. However,
most of the studies, so far, have showed the results
on amnestic mild cognitive impairment (MCI) clini-
cally diagnosed without separating them in amnestic
MCI with CSF positive or negative Alzheimer’s dis-
ease biomarkers. This is of great relevance given the
fact that there are MCI converters and nonconverters
based on the pathophysiological changes. Thus, we
found it important to verify the effect of physical ex-
ercise on this population.

2. Interpretation: Our findings led to a conclusion that,
even with the pathophysiology, the practice of phys-
ical exercise can still be beneficial to this population.

3. Future directions: The study shows how powerful
physical exercise can be, but there is still need to
observe and control factors such as previous brain at-
rophy, genetic risk, different exercise intensities, and
follow-up after the intervention period.
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