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The effect of aerobic dance intervention on brain
spontaneous activity in older adults with mild cognitive
impairment: A resting-state functional MRI study
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Abstract. The current study aimed to evaluate the effect
of a specially designed moderate-intensity aerobic dance
(SDMIAD) on brain spontaneous activity in older adults
with mild cognitive impairment (MCI) using resting-state
functional magnetic resonance imaging (RS-fMRI). A total
of 38 subjects with MCI were recruited to the current study
and were randomized into two groups: Exercise (EG, n=19)
and control (CG, n=19). The EG was treated with a SDMIAD
and usual care for 3 months. The CG only received usual care.
None of the patients were administered medicine that affected
cognition during the intervention. The cognitive assess-
ments and RS-fMRI examination were performed on the
two groups at recruitment and after 3 months. The cognitive
functions were assessed by various neuropsychological tests.
The brain spontaneous activity change was assessed using an
index, the amplitude of low-frequency fluctuation (ALFF) of
fMRI signal. Cognitive assessments demonstrated that EG
had significantly improved results in the Mini-Mental State
Examination, the Montreal Cognitive Assessment, Wechsler
Memory Scale-Revised Logical Memory (WMS-R LM) and
the Symbol Digit Modalities Test (all P<0.05), and the differ-
ence in changes in WMS-R LM from baseline to 3 months
between the EG and the CG was also statistically significant
(P<0.05) after 3 months of SDMIAD. The performance of
all the cognitive assessments did not demonstrate significant
differences in CG. Compared with baseline, EG exhibited
significantly increased ALFF in several areas, including the
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bilateral fronto-temporal, entorhinal, anterior cingulate and
parohippocampal cortex after 3 months of SDMIAD (P<0.05);
whereas the CG exhibited significantly increased ALFF only
in a few areas, including right temporal and posterior cingu-
late cortex (P<0.05). The SDMIAD may effectively improve
the cognitive function in older adults with MCI. RS-fMRI
provided a quantitative method for evaluating the effect of
aerobic exercise on cognitive function.

Introduction

Mild cognitive impairment (MCI) has been proposed as a
symptom in prodromal Alzheimer's disease (AD) (1). MCI
is associated with early memory loss, ineffective neural
processing and increased risk of AD, which is the most
common neurodegenerative disease in the elderly that causes
the decline of memory, language and other cognitive func-
tions (2). Epidemiologically, AD affects ~5% of individuals
>65 years of age and 20% of those >80 years of age, with the
rate of prevalence doubling every 5 years (3). An increasing
number studies have been investigating the potential risk
factors for AD (4-6).In particular, physical inactivity has been
regarded as a marked risk factor for cognitive decline (7) and
cognitive impairments, including AD and MCI (4,8).

Physical activity, such as aerobic exercise, is beneficial
to physical and mental disorders (9). A study suggested that
aerobic exercise was effective at preventing or delaying the
development of AD (10). Studies using objectively measured
aerobic exercise have revealed that the intensity rather than
the amount of exercise was associated with cognitive perfor-
mance (11,12). A recent study revealed that moderately intense
aerobic exercise serves an important part in maintaining brain
health (13). The potential protective mechanism of aerobic
exercise on patients with AD and MCI remains unclear.

Resting-state functional magnetic resonance imaging
(RS-fMRI) is a noninvasive technique and has provided new
opportunities to explore the changes of the structure and
function in the brain (14). The blood oxygen level dependent
low-frequency oscillation signal in the RS-fMRI denotes
spontaneous activity of neurons (15). The average square
root of low-frequency bands (0.01-0.08 Hz) at each voxel is
taken as the amplitude of low-frequency fluctuation (ALFF),
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which is assumed to reflect the intensity of brain spontaneous
activity (16,17). Several studies have demonstrated that exer-
cise intervention will increase gray and white matter volume in
the prefrontal cortex (18), improve the resting-state functional
connectivity between the medial prefrontal cortex and medial
temporal lobe (19) and increase the function of the dorsolateral
prefrontal, posterior parietal and anterior cingulate cortex in
the executive control network (20,21). Previous studies have
assessed the brain activity of patients with MCI using ALFF
analysis without any exercise intervention (22-24). In the
current study, the authors took advantage of the ALFF as a
supplementary method of cognitive function assessments to
evaluate the effects of a specially designed moderate-intensity
aerobic dance (SDMIAD) on older adults with MCI and deter-
mine the effect of SDMIAD patients with MCI.

Materials and methods

Subjects. A total of 50 volunteers (17 males, 33 females) with
MCI aged 50-85 years old were recruited in the current study.
They were recruited from the dementia clinic of the First
Affiliated Hospital of Nanjing Medical University (Nanjing,
China) or the local community through newspaper advertise-
ment in June 2014. Following screening, only 38 participants
were enrolled in the present study and were randomly allo-
cated into two groups: Exercise (EG, n=19) or control (CG,
n=19). None of the patients were administered medicine that
affected cognition during the intervention, including done-
pezil and memantine. The designer of the current study and all
participants were blind to the group assignment. A flowchart
demonstrating the process of initial recruitment to study
completion is presented in Fig. 1.

Subjects included in the current study met the following
criteria: 1) Aged 50-85 years old; ii) diagnosed with MCI
according to the National Institute on Aging and Alzheimer's
Association guidelines (25); iii) a history of memory
impairment lasting =3 months (26); iv) a Mini-Mental State
Examination (MMSE) score of 25-30 (27); v) a Montreal
Cognitive Assessment (MoCA; Beijing version) score of
<26 (28); vi) no medical history of cerebrovascular disease,
Parkinson disease or depression; vii) not participating in
other trials. Subjects excluded from the current study met
the following criteria: i) Diagnosed with vascular dementia
using the National Institute of Neurological Disorders and
Stroke and the Association Internationale pour la Recherché et
I'Enseignement en Neurosciences criteria (29); ii) a Hachinski
Ischemic score of >4 (26) and iii) could not take the cognitive
function and MRI tests due to disorders, including deafness,
blindness or severe language disorders.

Exercise intervention

i) SDMIAD. Subjects in the EG were taught the new dance
routine for 2 weeks, when they had learn the dance and could
follow the routine correctly. The majority of the subjects
danced three times a week together for 3 months. The new
dance routine was designed by a physical therapist who
had >5 years of physical therapy experience. The SDMIAD
lasted 35 min, including a 5-min warm-up, a 25-min dance
with a target heart rate and a 5-min cool-down to music.
The warm-up consisted of four movements: Stepping and
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breathing, head movements, side bending, and turning. The
dance routines consisted of eight movements: Knee bending,
heel lifts, boxing, shoulder movements, kicking, square step-
ping, sculling and jumping. The cool-down consisted of three
movements: Shoulder movements, stepping and breathing,
and low-speed stepping. The dance routine was deemed to
be quite complicated as it contained repetition and variety;
therefore it required memory, concentration and dual-task
function to complete the dance correctly. During the dance,
there were two physical therapists monitoring the heart rate
with a cardiotachometer to ensure that all subjects maintain
a pre-arranged intensity level during training. One patient in
the EG discontinued the intervention due to illness, thus they
were excluded from the current study.

ii) The intensity of the training. The American College of
Sports Medicine recommended that the intensity of aerobic
training should be 55-95% of the maximum heart rate (HR,,,,)
or 40-85% of the maximum heart rate reserve (30). The
authors selected an HR ,, of 60-80% as the target heart rate
during the aerobic dance, which is considered moderately.
All subjects were involved in a ‘symptom-limited maximal
exercise test’ (31) prior to inclusion in the current study and
the HR,,,, was measured during the test. The target heart rate
was then calculated.

Neuropsychological tests. A comprehensive neuropsycho-
logical test battery for cognitive function was performed at
baseline and after the 3-month intervention. Multiple domains
of cognition including general cognition, memory and execu-
tive function were assessed. Also, the balance control was
evaluated. All the neuropsychological tests were completed
by the same neuropsychologist, who was blind to the group
assignment: i) MMSE is the most commonly used screening
tool for dementia. Scores range between 0 and 30, with higher
scores indicating better cognitive function. A cut-off of 24
(following education correction) is recommended for cogni-
tive disorders; ii) MoCA Beijing version is a screening tool
for MCI and mild dementia, and has been revealed to have
high sensitivity and specificity for differentiating individuals
with MCI from healthy adults in several developed countries
and areas (32). Scores range from O to 30, with higher scores
indicating better cognitive function. A cut-off of 26 (following
education correction) is recommended for cognitive disorders
and 16 for patients with AD in the United States (33); iii) the
Wechsler Memory Scale-Revised Logical Memory (WMS-R
LM) is mainly used to assess logical memory (34). During
the test, the examiner read aloud two short stories to the
participant, each with 25 content units. In the present study, the
stories from the Japanese version of the WMS-R LM test were
translated into Chinese. Following each story, the examiner
asked the participant to repeat the story immediately as close
to verbatim as possible; iv) Digit Span Test-forward (DST-F;
Chinese version) and DST-backward (B; Chinese version) are
commonly used to evaluate immediate memory and atten-
tion (35). During each test, the examiner asked the subject to
recall the numbers in a forward order (DST-F) or backward
order (DST-B), which were presented at the rate of one every
second; v) trail Making Test Part A and B (TMT-A, B) are
usually used to evaluated executive function (36). The TMT
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Figure 1. A flow chart of the recruitment and exclusion of subject.

is a written test that consists of linking target as quickly
as possible; integers in a numerical order in Part A (e.g.,
1-2-3...25), and alternating between numbers and letters in
Part B (e.g., 1-A-2-B-3-C, etc.). The visual perception abili-
ties, perceptual/motor speed and speed processing of subjects
were assessed in Part A, and mental flexibility was assessed
in Part B; vi) symbol Digit Modalities Test (SDMT) is used
to assess processing speed (37). The score is the number of
correct answers selected within 90 sec and vii) Berg Balance
Scale (BBS) is used to assess the balance control of the elderly
persons (38). The highest score available is 56; a score of 40
indicated a falling risk.

Image acquisition. MRI scanning was performed on a Siemens
Magnetom Trio 3.0T MRI System (Siemens AG, Erlangen,
Germany) using a standard birdcage head transmit and receive
coil at baseline and after the 3-month intervention. Functional
images were acquired using a single-shot, gradient-recalled
echo planar imaging sequence [repetition time (TR)=2,000
msec; echo time (TE)=30 msec; flip angle (FA)=90°]. A total
of 33 transverse slices [field of view (FOV) =256x256 mm?;
in-plane matrix=64x64; slice thickness=4 mm; inter-slice
gap=1 mm; voxel size=4x4x4 mm?’] aligned along the ante-
rior-posterior commissure line were acquired. For each subject,
a total of 240 volumes were acquired, resulting in a total scan
time of 480 sec. The subjects were instructed to simply rest
with their eyes closed, to not think of anything in particular
and to not fall asleep. The high-resolution 3D T1-weighted
anatomical images were acquired in a sagittal orientation

using a magnetization-prepared rapid gradient-echo sequence
(TR=1,900 msec; TE=2.52 msec; FA=9°, FOV=256x256 mm?;
matrix size=256x256; slice thickness=1 mm; inter-slice
gap=0.5 mm; voxel size=1x1x1 mm? 176 slices). Then,
axial fluid-attenuated inversion recovery images (time of
inversion=2,500 msec; TR=9,000 msec; TE=100 msec; slice
thickness=5 mm) were obtained for diagnosis.

Image preprocessing and ALFF analysis. Functional images
were preprocessed by one author using the Data Processing
Assistant for Resting-State fMRI (DPARSF) (39). The steps
were as follows: i) Digital Imaging and Communications in
Medicine data was converted into Neuroimaging Informatics
Technology Initiative data; ii) The first 10 images were
removed; iii) slice timing correction was performed; iv) head
motion correction was performed; v) The data was normal-
ized (re-sliced at a resolution of 3x3x3 mm?); vi) spatial
smoothing was performed (6 mm full-width-at-half-maximum
isotropic Gaussian kernel); vii) filtering was performed
(0.01<f<0.08 Hz). Two subjects in the EG and three subjects
in CG with head motions exceeding 2 mm of translation or
2 degrees of rotation throughout the course of the scan were
excluded from the study.

Then the time series' were transformed to the frequency
domain using a fast Fourier transform algorithm and the aver-
aged square root of the spectrum across 0.01-0.08 Hz at each
voxel was obtained as the ALFF. For standardizing variability
among the subjects, mean ALFF was taken as the ALFF of
each voxel divided by the mean of all voxels. The gray matter
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Table I. Baseline demographics and clinical characteristics.

Characteristics The exercise group (n=16) The control group (n=16) P-value
Sex (male:female) 5:11 4:12 0.70
Age (years) 70.6 (6.2) 69.1 (8.1) 0.58
Education (years) 104 (2.6) 9.7 (2.7) 047
Mini-mental state examination 27.3 (1.3) 27.1(1.2) 0.68
Montreal cognitive assessment 22.6 (2.1) 229 (1.7) 0.65
Wechsler memory scale-revised logical memory 14.1 (5.9) 16.7 (5.4) 0.21
Digit span test 164 (2.9) 18.1 (3.4) 0.14
Trail making test part A 107.3 (97.1) 72.2 (23.3) 0.17
Trail making test part B 190.6 (59.2) 182.2 (57.7) 0.69
Symbol digit modalities test 31.8(9.6) 34.1 (10.9) 0.53
Berg balance scale 55.1(14) 554 (1.0) 0.56

Data are expressed as n or mean (standard deviation).

volumes were also obtained in the results preprocessed by
DPARSEF (39) (data not shown). The two-sample t-test, paired
t-test and Pearson's correlation analysis were performed using
the Resting-state fMRI Data Analysis Toolkit v1.8 (REST1.8)
(http://www.restfmri.net) (40). The gray matter volume, age,
gender, and education were added as covariates for excluding
the related effects.

Statistical methods. Continuous variables are presented as
mean (standard deviation). Sex distribution was assessed
using a Chi-square test. The aforementioned statistical
analyses were performed using SPSS version 16.0 software
(SPSS, Inc., Chicago, IL, USA). A t-test was performed using
REST1.8 (40) to determine the mean ALFF differences
within the whole brain between the two groups (voxel-level
P<0.05, cluster size >228 voxels, corresponding to a corrected
P<0.05 as determined by AlphaSim) (http://afni.nimh.nih.
gov/pub/dist/doc/manual/AlphaSim.pdf). Between-group
comparisons were performed using two-sample t-tests.
Within-group comparisons were performed using paired
t-tests. P<0.05 indicated that the difference between groups
was statistically significant. A Pearson's correlation analysis
was performed using REST1.8 (40) to determine the correla-
tion between the ALFF and neuropsychological test scores
(voxel-level P<0.05; cluster size >228 voxels; corresponding to
a corrected P<0.05 as determined by AlphaSim).

Results

Baseline demographic and clinical characteristics. Overall, 32
subjects completed the whole study. The baseline demographics
and clinical characteristics of the EG and CG are summarized
in Table I. No significant differences in sex, age, education years
or on MMSE, MoCA, WMS-R LM, DST, TMT-A, TMT-B,
SDMT and BBS were identified between the two groups.

Neuropsychological measures of intervention effects. As
demonstrated in Table II, within-group differences demon-
strated that the scores of MMSE, MoCA, WMS-R LM and
SDMT were significantly increased in the EG (P<0.05)

compared with the baseline, but not in the CG. Between-group
differences revealed that the change of WMS-R LM from
baseline to 3 months in the EG was significantly higher than
the change in the CG (P<0.05).

RS-fMRI measures of intervention effects. No significant
differences in the ALFF were identified between the two groups
at the baseline (data not shown). Changes in the ALFF at the
baseline and after the 3-month intervention were analyzed to
evaluate the effect of the SDMIAD within each group. The EG
demonstrated a significant increase in the ALFF in the bilateral
fronto-temporal, entorhinal, anterior cingulate and parohip-
pocampal cortex (P<0.05; Fig. 2). Whereas in the CG, no
significant differences in the aforementioned areas were iden-
tified between the pre- and post-intervention groups, however
a small number areas of functional activation appeared in the
right temporal and posterior cingulate cortex (P<0.05; Fig. 3).
The location and volume of activated regions which exhibited
significant changes (post-intervention -pre-intervention) in the
EG or the CG are presented in Table III.

Correlation between ALFF and neuropsychological test
scores. No significant correlation was identified between the
ALFF and neuropsychological test scores.

Discussion

In the current study, the ALFF was used to detect abnormal
brain activation after a 3-month SDMIAD intervention in older
adults with MCI. It was demonstrated that the EG exhibited
an increased ALFF in several areas, including the bilateral
fronto-temporal, entorhinal, anterior cingulate and parohip-
pocampal cortex following the intervention. Whereas the CG
only demonstrated increases in the ALFF in a small number
of areas; including the right temporal and posterior cingulate
cortex. Following the intervention, neuropsychological tests
determined that MMSE, MoCA, WMS-R LM and SDMT
improved in the EG, but not in the CG.

In patients with AD, the earliest occurrence of pathological
damage was demonstrated to be in the entorhinal cortex; the
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Table III. Location and spatial extent of activated regions post and pre-intervention in EG and CG.

MNI coordinates (mm)

Clusters Brodmann area Voxels X Y Z t-value
EG
Left inferior temporal gyrus 20
Left middle temporal gyrus 21 487 -57 0 -24 5.33
Left superior temporal gyrus 22
Left dorsal entorhinal cortex 34
Left retrosubicular area 48
Right inferior temporal gyrus 20
Right ventral entorhinal cortex 28 283 30 6 -36 529
Right parahippocampal gyrus 36
Left anterior prefrontal cortex 10
Bilateral orbitofrontal area 11 782 -9 48 -24 7.34
Left dorsal anterior cingulate cortex 32
Bilateral subgenual area 25
Right orbitofrontal area 11
Right pars orbitalis 47 279 30 36 18 4.06
Right retrosubicular area 48
CG
Right inferior temporal gyrus 20
Right middle temporal gyrus 21
Right superior temporal gyrus 22 310 6 -30 30 5.83
Right ventral posterior cingulate cortex 23
Right retrosubicular area 48

EG, the exercise group; CG, the control group.

learning (48-50). The medial temporal lobe is the structural
basis of memory. The frontal cortex is closely associated
with human mental activity, especially the emotion func-
tioning and cognitive function. Physical activity has been
associated with sparing of volume of the prefrontal and
temporal brain regions, which reduces the risk for cognitive
impairment (51). Li ef al (19) indicated that exercise interven-
tion would improve the resting-state functional connectivity
between the medial prefrontal cortex and medial temporal
lobe. Bilateral superior and middle frontal gyri are associ-
ated with selective attention dysfunction (52). The cingulate
gyrus is an important part of the limbic system, which
is the core of the emotional loop (53). Anterior cingulate
cortex and frontal lobe brain areas are mainly responsible
for attention and executive function (52). In the current
study, the increased functional activation of the bilateral
fronto-temporal, entorhinal, anterior cingulate and paro-
hippocampal cortex indicated that the 3-month SDMIAD
intervention can effectively improve cognitive functions,
including memory and executive function, and potentially
olfactory function, in patients with MCI. These neuropsy-
chological results were similar to those of the RS-fMRI. A
statistical test demonstrated that no significant correlation
was identified between the ALFF and neuropsychological
test scores. This may be due to the relatively small sample
size.

In contrast, no significant improvement in the neuropsy-
chological tests were identified between the baseline and
3-month results in the CG. According to RS-fMRI, the CG
had an increased ALFF in a small number of areas, including
the right temporal and posterior cingulated cortex, which
were different from the areas of increased function in the
EG. These results may indicate that older adults with MCI
in the CG counteract cognition decline via the increased
functional activation of a small number of areas, but it cannot
improve cognitive function. Conversely, the results from the
EG demonstrated that the SDMIAD provided an effective
way to compensate for MCI or AD. Cabeza (54) proposed that
the prefrontal and medial temporal cortexes are particularly
vulnerable to the effects of aging, and that age-related neural
decline is asymmetric as the right hemisphere is more vulner-
able to aging than the left. Subsequently, Cabeza ef al (55)
suggested that there was a decline in right fronto-temporal
function in older people with memory impairment and that
there was a lack of compensation in the left cerebral hemi-
sphere; however those who had a good memory counteracted
age-related neural decline in the right hemisphere via left
hemisphere compensation, thus maintaining anormal memory.
The current study revealed that the functional activation of
bilateral fronto-temporal cortex was increased significantly
after 3-month SDMIAD intervention, whereas only a small
number of areas of functional activation appeared in the right
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temporal cortex in the CG, which lacked compensation in the
left cerebral hemisphere.

The present study had several limitations. Firstly,
the sample size was small, which may have reduced the
statistical power of the analysis and led to false negative
findings, such as the lack of the correlation between the
ALFF and neuropsychological test scores. In future studies
by our group, the sample sizes will be larger with the hope
of confirming the correlation and thus the intervention
effects. Secondly, the long-term effects of the interven-
tion were not assessed in a follow-up. Further studies are
needed to examine whether intervention-induced brain
changes are maintained over time. Thirdly, only the effect
of one intervention (aerobic dance) of aerobic exercise at one
levels of intensity (moderate) was assessed. Future studies
will evaluate the intervention effects of different forms and
intensities on cognitive function.

In conclusion, the ALFF changes observed in RS-fMRI
provide evidence that the SDMIAD can significantly increase
the functional activation of several brain regions, and help to
effectively improve the cognitive function in older adults with
MCI. RS-fMRI provides a quantitative method for evaluating
the effect of aerobic exercise on cognitive function.
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