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Key summary points
Aim  To investigate the distinctive effects of dance and aerobic exercise on cognitive function, neuropsychiatric symptoms, 
and functional abilities in older people with cognitive impairment.
Findings  The dance intervention significantly improved cognitive function, particularly memory recall. Both dance and 
aerobic exercise reduced depression and neuropsychiatric symptoms.
Message  It is important that dancing be practiced in senior facilities in the same way as aerobic exercise (commonly known 
as “gymnastique douce” in France) because of its positive effect on cognition.

Abstract
Background  To compare the effects of dance and aerobic exercise on cognition and neuropsychiatric symptoms in older 
people with cognitive impairment.
Methods  Twenty-three older adults (mean age = 78 ± 7 years; males: n = 7, females: n = 16) attending a day care center 
and diagnosed with cognitive impairment were randomly assigned to a 16-week dance intervention or an aerobic exercise 
intervention (60 min/week). Cognitive function [Mini-Mental State Examination (MMSE)], neuropsychiatric symptoms 
[Geriatric Depression Scale-15 (GDS-15), Neuro-Psychiatric Inventory-R (NPI-R)], and physical function [Timed Up and 
Go (TUG), Activity Daily Living (ADL)] were assessed at baseline and at the end of the intervention. After Borg scale 
assessment, these two physical activities were performed at similar intensity (60–70% HRR).
Results  MMSE score increased significantly after the intervention in the dance group (+ 3.3/+ 14%, p = 0.03), especially 
memory performance (+1/+220%, p = 0.03), but not in the aerobic exercise group. GDS-15 and NPI-R decreased significantly 
after the intervention in both groups (p < 0.001). However, no significant effect was found for TUG and ADL.
Conclusion  Dance is a cost-effective multimodal intervention that could improve cognition. A low-frequency ecological 
dance intervention (once per week; 60 min) could improve cognition, especially verbal memory. These results should be 
further investigated for the practice of dance in facilities for older adults.
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Introduction

A relationship has been established between sedentary behav-
ior and cognitive impairment and the risk of developing 
dementia [1]. Mild Cognitive Impairment (MCI) is consid-
ered an intermediate stage between normal cognitive aging 
and dementia [2]. However, MCI can manifest with a variety 
of symptoms including memory loss and/or neuropsychiatric 
symptoms (NPS) such as agitation/aggression, depression, 
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and apathy [3]. Behavioral and psychological symptoms of 
dementia are common in people with dementia. NPS in Alz-
heimer disease (AD) are also associated with faster disease 
progression, earlier admission to long-term care facilities, 
faster impairment in activities of daily living (ADL), and 
accelerated deterioration in quality of life [4]. Several studies 
have shown that healthy aging without dementia or regaining 
normal cognitive abilities after MCI is possible [5].

To this end, interest in physical exercise as a non-pharma-
cological treatment for MCI and dementia has increased [6]. 
Non-pharmacological interventions have been recommended 
to improve cognition, NPS [7, 8] and ADL [8] in people 
with MCI and dementia [7, 9]. Aerobic exercises such as 
gymnastics helped to induce positive changes in age-related 
hormone levels and reduce depression in dementia [10]. On 
the other hand, dancing is a cost-effective non-pharmacolog-
ical [11] multimodal intervention [12] that may show bet-
ter efficacy on cognition and NPS than classical unimodal 
interventions such as aerobic exercise [13]. Two recent sys-
tematic reviews have shown that moderate or high intensity 
aerobic exercise training leads to a pronounced effect on 
global cognition in older adults with MCI or dementia [9, 
14]. On the other hand, Verghese [15] proved that dancing 
is associated with a lower risk of dementia in healthy older 
adults. In addition, two recent meta-analyses have shown 
that dancing improves cognitive abilities in people with 
dementia [16] and MCI and reduces depression in people 
with MCI or dementia compared with controls although the 
effect size is small (Cohen's d = 0.367) [17]. These results 
are at odds with those of Wu [11]. Because of the heteroge-
neity of intervention designs [11] and rarely reviewed evi-
dence, the results of psychological aerobic exercise remain 
so unclear [18], as do those of dance [11, 17]. Comparison 
of different types of exercise, studies with rigorous design, 
long-term follow-up, and comprehensive neuropsychological 
assessment are needed [9, 11] to overcome the limitations 
of previous studies, understand the mechanism of exercise 
and find the most effective type of exercise for disease pre-
vention [11].

In this study, we aimed to determine the differential 
effects of dance and aerobic exercise on cognitive func-
tion and NPS in seniors with cognitive impairment. To 
our knowledge, this is the first study to examine multiple 
domains: cognitive, psychological, and functional effects of 
dance compared to aerobic exercise in older people with 
cognitive impairment.

Methods

This prospective intervention study was approved by the 
Research Ethics Committee of the STAPS College of Toulon 
(announcement number IRB00012476-2021-30-09-127) in 

accordance with the Declaration of Helsinki [19]. All partic-
ipants were informed of the protocol using the information 
sheet and signed the informed consent form. Participants 
could refuse to participate in this study at any time. The 
study adhered to the guidelines of CONSORT [20].

Participants

Twenty-five older adults (mean age = 78 ± 7 years; males: 
n = 9, females: n = 16) were recruited from the “Aidants Alz-
heimer 83” day center (France) in 2022. Finally, 11 patients 
remained in the experimental group (dance group) and 12 
patients in the control group (aerobic group; Fig. 1). This 
day care center for seniors is an associative health facility 
commonly referred to as EHPAD in France. The goal of this 
facility is to provide therapeutic cognitive and motor care 
in groups that respect patients’ autonomy. To be admitted 
to the center, residents must suffer from sedentary lifestyle 
and memory disorders. The main inclusion criteria were 
diagnostic classification as MCI according to the Petersen 
criteria [21]. A probable AD was diagnosed according to the 
National Institute of Neurological and Communicative Dis-
orders and Stroke and Alzheimer’s Disease and Related Dis-
orders Association (NINCDS/ADRDA) criteria [22]. Thus, 
our population is heterogeneous and presents with either 
MCI or mild dementia. Cognitive impairment was diag-
nosed, by an occupational therapist, using the Mini-Mental 
State Examination Score: MMSE GRECO (French version) 
[23], with a score of 19–30 considered comprehensive. The 
mean baseline score was (20.7 ± 3.46). Individuals were 
also selected by a physician based on the designation CDR. 
The relationship between very mild dementia and MCI is 
often supported by a total score of 0.5–1 on French’s Clini-
cal Dementia Rating Scale (CDR) [24]. Therefore, patients 
with a score of 0.5 or 1 were included. Participants with mild 
depression or mild behavioral problems such as anxiety, dys-
phoria, insomnia, and agitation were also included. In fact, 
participants with a GDS-15 score of 0–10 at baseline were 
included, and only those with an NPI severity score of 1 
were included. NPI-R severity scores above 1 were excluded 
so as not to interfere with aerobic and dance sessions. All 
participants who had good general health and were able to 
exercise were included in the study. They were also able to 
understand and perform the dance or aerobic exercises dur-
ing the workshops offered. All participants provided written 
informed consent. Participants with behavioral, visual, or 
hearing impairments that made group activities difficult or 
dangerous were also excluded. Neurological, cardiovascular, 
or psychiatric conditions (that discourage physical activity), 
amputations, or the need for orthopedic devices to main-
tain a standing position or a positive COVID-19 diagnosis 
were excluded from the study. Data collection (cognitive, 
behavioral, and functional assessments) was performed by 
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the same occupational therapist during the first week before 
the intervention and the first week after the intervention. 
This rater was blinded and had no information about the 
participants’ practice.

Assessment protocol

Sedentary assessment

Sedentary activity was assessed with the International 
Physical Activity Questionnaire—Short Form (IPAQ-SF) 
[25]. According to the official guidelines of IPAQ-SF [26], 
data from IPAQ-SF were summed within the three basic 
items (vigorous intensity, moderate intensity, and walking) 
to estimate weekly physical activity (MET· min·week−1). 
In addition, total physical activity (sum of vigorous, mod-
erate, and walking activity) was included. According to 
the IPAQ scoring protocol, study participants were clas-
sified as lowly active (< 600 MET· min·week−1), mod-
erately active (600 MET·min·week−1 ≤ physical activ-
ity < 3000 MET·min·week−1), and highly active (≥ 3000 
MET·min·week−1) [25]. The IPAQ-SF has been shown 
to be a valid tool for assessing physical activity in older 
adults according to Tran [27]. In this study, the IPAQ-SF 
was administered in the form of face-to-face interviews with 

patients by the facility neuropsychologist. A French vali-
dated version was used [28].

Cognitive measures

The Mini-Mental State Examination (MMSE) is used 
to assess general cognitive function. It tests orientation, 
immediate and short-term memory, attention and calcula-
tion, language, and praxis. There are the following cutoffs: 
severe cognitive impairment—1 to 9 points; moderate cog-
nitive impairment—10 to 18 points; mild cognitive impair-
ment—19 to 24 points; and normal cognitive status—25 to 
30 points. The validity of the test is considered good. A 
French validated version was used [23].

All our participants were scored using the CDR. The 
participants who scored less than 0 (cognitively normal 
group), 0.5 points (questionable MCI groups) or 1 point 
(MCI groups) were included [24].

Psychological and behavioral measures

The Geriatric Depression Scale-15 (GDS-15) is a brief 
15-item instrument specifically designed to assess depres-
sion in geriatric populations. The items require a yes/
no response. This dichotomous response format (yes/no) 

Fig. 1   CONSORT flow 
diagram. Flow-chart showing 
inclusion, randomization, and 
participation throughout the 
study
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facilitates implementation. According to conventional 
GDS-15 theory, a score of five positive items indicates mild 
depression, whereas a score of 10 positive items indicates 
moderate to severe depression, so a clinical examination is 
recommended to confirm the diagnosis. Since GDS-15 is 
a self-report scale, patients must be able to complete the 
questionnaire on their own. In addition, GDS-15 can detect 
depression in older people with mild to moderate dementia 
and physical illness. GDS-15 (Geriatric Depression Scale-
15) is a reliable and valid instrument for measuring depres-
sion in older patients. A validated French version was used 
[29].

The Neuropsychiatric Inventory Questionnaire (NPI-Q) 
is a commonly used scale to assess NPS in dementia. The 
purpose of the NPI-Reduced (NPI-R) is to collect informa-
tion about the presence, severity, and impact of behavioral 
disturbances in patients with AD or other neurocognitive 
disorders. It is a caregiver-relevant instrument that assesses 
the possible presence of 12 symptoms in dementia, including 
delusions, hallucinations, agitation/aggression, dysphoria/
depression, anxiety, euphoria/elation, apathy/indifference, 
disinhibition, irritability/lability, deviant motor behavior, 
nocturnal behavior disorders, and appetite/eating disorders. 
The NPI-Q considers only the severity of the NPS and the 
level of caregiver distress. The severity scale includes scores 
from 1 to 3 (1 = mild; 2 = moderate; and 3 = severe), and the 
caregiver distress rating scale includes scores from 0 to 5 
(0 = no distress; 1 = mild distress; 2 = mild distress; 3 = mod-
erate distress; 4 = severe distress; and 5 = extreme distress). 
The advantage of the NPI-R is that the caregiver receives 
a self-completed questionnaire with complete instructions 
prior to the interview and that the caregiver only assesses the 
severity of psychobehavioral symptoms. The severity scale 
has been shown to correlate more strongly with caregiver 
distress and to be more clinically relevant than the symptom 
frequency rating. A validated French version was used [30].

Physical function evaluation

The Timed Up and Go test (TUG) measures the time in sec-
onds it takes a subject to get up from a chair, walk 3 m, turn 
around, walk back to the chair, and sit down. A cutoff value 
of 12 s has been proposed for the TUG-score to distinguish 
between falls and non-falls in community-dwelling older 
people. TUG showed good sensitivity. This test is used to 
measure mobility, with lower TUG values indicating better 
mobility. A French version was used [31].

The Activity Daily Living (ADL) assesses total func-
tional activity in the domains of (1) bathing, (2) dressing, 
(3) going to toilet, (4) transfer (movement), (5) continence, 
and (6) feeding. This is one of the defining characteristics 
of MCI that distinguishes it from mild dementia. MCI is a 

test of “essentially intact” ADLs. A validated French version 
was used [32].

Intervention

Twenty-three participants were randomly divided into two 
groups, a dance group (n = 11) and an aerobic exercise group 
(n = 12). Each group completed 4 months of training. The 
frequency of training was 1 session per week. Each session 
lasted 60 min. Exercise intensity was measured according 
to the Borg scale and was reported by both groups to be 
60–70%HRR [33]. Sessions were conducted by two adapted 
physical activity specialists. An occupational therapist meas-
ured assessment scores at baseline and after 16 weeks of 
dance and aerobic training in the same order. Medication 
use was monitored and remained stable throughout the 
procedure.

Dance intervention

At the beginning of the session, participants completed a 
10-min warm-up in the form of dance movements from the 
head to the lower limbs, which were choreographed step by 
step (learning by imitation). During the warm-up, partici-
pants were asked to generate laughter and smiles through 
mime, and then transitioned from joking to spontaneous 
laughter. They also played with musical instruments such as 
maracas and tambourines to develop the concept of rhythm. 
Breathing exercises were offered to the rhythm of the music. 
The main part of the session consisted of a 30-min impro-
vised dance. With the help of the trainers, the participants 
were gradually offered exercises in which they could move 
freely until they arrived at an improvisation with a musical 
sequence of 30 s to 1 min. The music that accompanied the 
dance sessions was mainly from the 1980s and was comple-
mented by tango, rock ‘n’ roll, and jazz. At the end of the 
session, a cold warm-up was performed by singing and some 
diaphragmatic breathing exercises or a relaxation exercise.

Aerobic exercise intervention

The duration of the aerobic session was 60 min. The session 
consisted of an approximately 10-min warm-up in which 
residents formed a circle, verbalized their daily form, and 
performed deep diaphragmatic breathing and movement 
analytic exercises. This was followed by a session of about 
30 min consisting of several workshops aimed at strengthen-
ing muscles by using weights, stretching with elastic bands, 
training coordination by grasping the ball with both hands, 
improving agility by kicking in an ascending rhythm and 
dribbling and playing the ball with both hands, and improv-
ing balance by walking straight ahead or through an obstacle 
course (straddles and slalom) or with parachutes. Often two 
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opposing groups are formed to play with the ball. Finally, in 
a third phase, one or more quieter activities are proposed to 
gradually reduce the intensity of the physical work and the 
attention demand (e.g., a breathing or relaxation exercise) 
and return to a rhythm as before the session (about 10 min). 
At the end of the session, there is also an exchange with 
the participants to get their feedback and impressions of the 
session, verbalize them and appeal to their memory. As in 
the dance sessions, the music that accompanied the aerobic 
sessions was mainly taken from the 80s, complemented by 
tango, rock ‘n’ roll and jazz.

Statistical analysis

Values are expressed as means ± standard deviations. Sta-
tistical analysis was performed using Statistica 6.1. Nor-
mality of distributions was tested using the Shapiro–Wilk 
test. Descriptive statistics were calculated to determine the 
basic sociodemographic data of the groups. In case of nor-
mal distribution of the variables, two-way analysis of vari-
ance with repeated measures (ANOVA) was used to com-
pare the scores of cognitive, psychological, behavioral, and 
physical functions between the groups (dance group versus 
aerobic group) at the beginning and at the end of the train-
ing program (pre versus post). Post hoc comparisons were 
performed using the Scheffe test. In the absence of a normal 
distribution, comparisons were made using a nonparametric 
univariate analysis (Friedman test).

Effect sizes were calculated using partial eta squared 
(η2p) and Cohen’s d. A significance level of 5% was set for 
all statistical analyses.

Results

The mean adherence in dance and aerobic exercise were 
86.7% and 86.4%, respectively, and the mean attrition in 
each group was 0%. As described in Table 1, at baseline, 
there were no significant differences between groups in soci-
odemographic and clinical characteristics at baseline, except 
for schooling and BMI. The dance group had higher school-
ing than the aerobic exercise group (p = 0.03). The latter had 
a higher BMI than the dance group (p = 0.01).

A main effect of time was observed for MMSE 
(p = 0.048, η2p = 0.17), NPI (p < 0.001, η2p = 0.56) and 
GDS-15 (p < 0.001, η2p = 0.75) independently of the two 
groups. These parameters improved after the intervention 
(MMSE: + 7%, NPI: -34%, GDS-15: -54%, Table 2). How-
ever, a significant interaction effect was observed only for 
the MMSE score. Figure 2 illustrates this interaction effect. 
Indeed, the MMSE score increased significantly after the 
intervention in the dance group (+ 3.3/+ 14%, p = 0.03, 
d = 1.04), while this parameter did not change significantly 

in the aerobic group. Moreover, the analyzed MMSE 
domains showed a significant improvement in memory per-
formance (recall) only in the dance group after the inter-
vention (+ 1/+ 220%, p = 0.03, d = 0.95; Fig. 3). The other 
domains of the MMSE did not change significantly in either 
group. A main effect of group was observed only for NPI 
independent of time (p = 0.006, η2p = 0.31). The NPI was 
higher in the aerobic group (3.4 ± 1.4) than in the dance 
group (1.6 ± 1.2). No significant main effect of group, main 
effect of time, and interactions were found for TUG (time 
and score) and ADL.

Discussion

The purpose of this study was to investigate the effects of 
different types of exercise (dance and aerobic) on cogni-
tive, psychological, and physical functioning, as well as 
performance in daily life, in sedentary older adults with 
cognitive impairment. Participants attended the “Aidants 
Alzheimer 83” day center (France) 2 days per week. Both 
the dance and aerobic exercise groups were sedentary and 
had low levels of physical activity. There was high adher-
ence to both programs. The mean attrition in each group 
was 0%. The mean adherence in dance and aerobic exercise 
were 86.7% and 86.4%, respectively. Adherence is the set of 
conditions (motivation, acceptance, information, etc.) that 
enable patients to adhere to the program by relying on their 
participation. Attrition rate measures how many individuals 
voluntarily or involuntarily discontinue a follow-up. For the 

Table 1   Clinical and sociodemographic outcomes at baseline for the 
dance and aerobic exercise groups

Data presented as mean ± SD
MCI Mild Cognitive Impairment, BMI Body Mass Index, CDR Clini-
cal Dementia Rating, MMSE Mini-Mental State Examination, IPAQ-
SF International Physical Activity Questionnaire-Short Form (score: 
MET·min·week−1)
*p < 0.05 significant difference between dance group and aerobic 
exercise group

Dance group (n = 11) Aerobic 
exercise group 
(n = 12)

Age (years) 79.8 ± 7.7 77.2 ± 5.3
Men/women (frequencies) 2/9 5/7
Schooling (years) 6.5 3.2*
BMI (kg.m−2) 23.9 ± 2.1 26.3 ± 3.5*
Hypertension (frequencies) 5/11 5/12
Falling (frequencies) 2/11 9/12
CDR 0.5 ± 0.4 0.6 ± 0.4
MMSE (score/30) 20.1 ± 3.5 21.2 ± 3.5
IPAQ-SF (MET·min·week−1) 425 475
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overall group, our results showed that the 16-week interven-
tion significantly improved cognition (MMSE: + 7%) and 
positive mood and improvement in emotional state (NPI: 
− 34%; GDS: − 54%). However, the dance group improved 
cognitive function (MMSE), while this parameter did not 
change in the fitness group. It is important to note that physi-
cal function, measured by the TUG and the performance of 
(ADLs), did not change significantly after the intervention 
in both groups.

According to our data, 60 min per week of structured and 
improvisational dance for 16 weeks significantly improved 

global cognition (MMSE), particularly verbal recall, in older 
people with cognitive impairment. The mean difference 
in improvement between the dance group and the aerobic 
training group was 3.44 in MMSE, corresponding to a mean 
effect size of 0.9. Therefore, the effect of the dance interven-
tion can be considered clinically relevant.

Similarly, Doi [34] showed that a 40-week dance course 
of 60 min per week improved not only MMSE scores but 
also memory scores compared to control groups. Interest-
ingly, our results are consistent with those of these authors, 

Table 2   Effects of 16 weeks 
of dance and aerobic exercise 
intervention on cognition 
behavioral, psychological 
states, activity daily living and 
mobility

Values are displayed by means ± standard deviation
MMSE Mini-Mental State Examination, GDS-15 Geriatric Depression Scale, NPI Neuropsychiatric Inven-
tory, TUG​ timed up and go, ADL activity daily living
*p < 0.05 significant difference between dance group and aerobic exercise group

Dance group (n = 11) Aerobic exercise group (n = 12)

Pre Post Pre Post

MMSE 20.1 ± 3.5 23.3 ± 3.8* 21.2 ± 3.5 21.1 ± 4.6
Orientation 6.4 ± 1.8 8.1 ± 2.3 6.9 ± 2.2 7.4 ± 2.2
Registration 3 ± 0 3 ± 0 3.2 ± 0.8 2.7 ± 0.8
Attention and calculation 2.3 ± 1.6 2.8 ± 1.7 2.6 ± 1.7 2.6 ± 1.5
Recall 0.4 ± 0.7 1.4 ± 1.1* 1.2 ± 1.4 0.8 ± 0.9
Language 7.1 ± 0.9 7.4 ± 0.8 7 ± 0.9 6.9 ± 1
Constructive praxis 0.5 ± 0.5 0.57 ± 0.5 0.5 ± 0.5 0.7 ± 0.5
GDS-15 6.5 ± 1.7 2.5 ± 1.8 8.1 ± 2.6 4.1 ± 2.9
NPI 2.5 ± 1.6 1.6 ± 1.2 5.1 ± 2.5 3.4 ± 1.4
TUG-score − 2.5 ± 2.3 − 2.1 ± 2.1 − 2.6 ± 2.7 − 1.3 ± 1.1
TUG-time 13.6 ± 4.2 11.7 ± 3.8 15.4 ± 6.8 13.5 ± 6.0
ADL 0.6 ± 0.8 0.7 ± 1.0 1.3 ± 1.1 1.3 ± 1.1
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Fig. 2   Effects of a 16-week intervention of dance and aerobic 
exercise on global cognitive function after 16 weeks of interven-
tion. MMSE Mini-Mental State Examination. Data presented as 
mean ± SD. *p < 0.05 significant difference from pre-intervention. 
Main effect of group not significant, main effect of time p = 0.048, 
η2p = 0.17, interaction group × time p = 0.03, η2p = 0.20
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Fig. 3   Effects of 16 weeks of dance and aerobic exercise interven-
tion on memory (MMSE recall domain). MMSE Mini-Mental State 
Examination. Notes: data presented as mean ± SD. Main effect of 
group p = 0.8, main effect of time p = 0.36, interaction group × time 
p = 0.03, η2p = 0.20. Post hoc: *p < 0.05 significant difference from 
pre-intervention
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even though our intervention duration is shorter than the 
duration they used. In a recent meta-analysis, Wu [11] indi-
cated that dance interventions significantly improved global 
cognition regardless of the duration of the intervention. The 
moderate intensity of dance used in our study might be 
responsible for the improvement in memory by activating 
bilateral frontotemporal entorhinal, anterior cingulate, and 
para-hippocampal cortex, as shown by Qi [35]. Neverthe-
less, we did not find cognitive improvements in the aero-
bic exercise group, although the same intensity was used 
in both groups. These results are consistent with the “Life-
style Interventions and Independence for Elders” study [36], 
which showed that structured physical training of moderate 
intensity (unimodal training) compared with educational 
workshops and the group that stretched the upper extremi-
ties (multimodal training) did not show improvements in 
global or specific cognitive functions in sedentary older 
adults. According to our results, because dancing combines 
physical, social, emotional, and cognitive stimulation, it has 
a stronger effect on cognition than unimodal training (aero-
bic exercise). Our findings are consistent with the results of 
a meta-analysis that showed that dance interventions have a 
significant effect on overall cognitive function and especially 
on memory in MCI [11]. Barnstaple [37] stated that biome-
chanical movements accompanied by music stimulate the 
parietal lobes, provide somatosensory input that increases 
neurotrophic factor, and can improve visuospatial function 
and global cognition. Positive neuroplasticity was observed 
in both gray and white matter after long-term (many years) 
dance training in experienced adult dancers compared to 
non-dancers. Although they had thinner gray matter, danc-
ers performed better on learning and memory tasks than the 
non-dancer group showing a link between cognitive decline 
and atrophy GM often observed in MCI patients transition-
ing to AD. However, the other components of the MMSE 
score (orientation, registration, attention and computation, 
language, and constructive practice) did not differ signifi-
cantly after the intervention in the dance group.

This lack of effect could be explained by the fact that 
our dance intervention program was conducted only once a 
week. Indeed, in MCI and dementia, increased dance dura-
tion and/or frequency has been shown to improve cognitive 
abilities in the visuospatial domain. In this regard, dance 
interventions have been shown to improve global cognition, 
as demonstrated by a recent meta-analysis [11]. Our results 
differ from the study by Ho [38], in which neither DMT nor 
exercise interventions showed significant effects on cogni-
tive function in older people with mild dementia compared 
with controls.

In addition, our study did not demonstrate improvement 
in cognitive function after aerobic exercise intervention. 
Ho [38] argued two plausible explanations. First, the exer-
cise intervention should last at least 6 months. Second, the 

intensity must be sufficient to challenge the individual’s 
physical performance and produce cognitive improvement. 
Third, the frequency of exercise is also important for cog-
nitive improvement. Indeed, the literature has shown that 
high-frequency aerobic exercise (3t/week for 8 weeks) 
improves global cognition (MMSE scores) in older adults.

According to our data, there was a significant time 
effect after both aerobic and dance interventions, which 
was reflected in improvements in mood and behavior. In 
fact, we found a significant decrease in NPS, particularly 
agitation/aggressiveness, apathy/indifference, insomnia, 
anxiety, and depression. These results suggest that physi-
cal activity is generally effective against psychological and 
behavioral symptoms in dementia and MCI. At baseline, 
both groups suffered from probable depression; after the 
intervention, both groups returned to “normal” GDS scores 
that did not reflect depression. Steichele [39] suggested 
that aerobic exercise can effectively reduce NPS in older 
adults with dementia. In the dance group, these results are 
consistent with the findings of Ho [38] regarding depres-
sion and negative mood in older adults with mild dementia 
and with the findings of Lazarou [40] regarding depres-
sion and anxiety in older adults with MCI. We hypoth-
esize that the familiar music that accompanied the aero-
bic exercise and dance sessions was responsible for these 
improvements. Several studies have shown that emotional 
and reward-related brain networks are more activated by 
familiar music than by unfamiliar music. In our study, we 
had selected different types of music for both groups, such 
as tango, jazz, and rock and roll from the 1980s that the 
participants liked. Participants also chose music that they 
liked to listen during their fitness and dance sessions. This 
music was familiar to them and reminded them of their 
youth. Listening to receptive music compared to silence 
was also associated with a healthier heart rate and lower 
blood pressure during stress. Listening to music has also 
been linked to neurochemical changes associated with a 
reduction in stress; these may include an increased release 
of endogenous opioids and dopamine, and a reduction in 
beta-endorphin and cortisol. Cortical thickness in superior 
temporal regions has been found to be increased in danc-
ers and musicians compared to controls [41]. As shown 
above, thinner gray matter does not impair learning and 
memory. In the present study, participants in the dance 
group danced and played with various musical instruments 
such as maracas and tambourines. In addition, at each ses-
sion, the seated participants were happy that we had come 
to make them dance. The smiles and joy did not leave 
their faces throughout the sessions. They danced together 
and interacted with each other; social relationships were 
established throughout the group. Ihara [42] showed that 
older people with dementia who listened to familiar music 
showed more eye movements, more eye contact, more joy, 
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more engagement, more speech, and less sleep, movement, 
and dance.

In this context, Ho [38] suggest that dance movement 
therapy (DMT) and dance have a potential impact on 
improving quality of life and reducing symptoms such as 
depression and anxiety, with additional effects on subjec-
tive well-being, positive mood, affect, and body image. 
These areas can be improved not only through dance, but 
also through the laughter we used in the dance sessions. In 
the dance group, there was one resident who made the other 
residents laugh by imitating the way the women walked or 
danced. All the participants laughed while watching him. As 
shown by Ko [43], laughter significantly decreased GDS-15 
scores in older adults. Wang [17] confirmed in a meta-anal-
ysis that dance-based interventions significantly alleviate 
depression in individuals with MCI and dementia. These 
results contradict a meta-analysis conducted by Wu [11]. 
The authors concluded that dance interventions do not have 
a statistically significant impact on depression in individuals 
with MCI, which contradicts the literature [11]. Our study 
shows that both aerobic exercise and dance are effective 
against anxiety and depression. However, Ho [38] showed 
that neither the physical exercise group nor the control group 
showed positive effects in the psychosocial domains (depres-
sion and anxiety) compared with the DMT group. These 
results contradict the results of Widiyawati [10], who rec-
ommended aerobic physical training for the management 
of depression in healthy older adults and older adults with 
depression [10]. In the aerobic exercise group, we observed 
that participants enjoyed playing balloon games in the group 
and using parachutes to train balance, laughing, and cheering 
each other on, and applauding each other when they won. 
Strong social interaction and solidarity were found. Huang 
[44] has shown that Chinese gymnasts have a higher gray 
matter volume in somatosensory and visuospatial areas than 
non-gymnasts, and that glial cells such as oligodendrocytes, 
astrocytes, and microglia are present in addition to neuronal 
components such as dendrites, axons, and synapses. There is 
a possibility that changes in the microstructure of these cells 
affect gray matter volume and function. In fact, individu-
als with lower left hippocampal gray matter volume expe-
rienced more negative mood and rumination in their daily 
lives. In addition, Wang [45] found significant differences 
in left and right middle frontal gyrus gray matter volume 
in patients with mood disorders and suicidality. Our par-
ticipants expressed their satisfaction and happiness after the 
sessions. This satisfaction can be seen in their GDS and NPI 
scores, which decreased significantly (− 49% and − 33%, 
respectively). The increase in gray matter volume could be 
the cause of the positive mood, as explained by Wang [45].

Moreover, according to our data, ADL and TUG val-
ues remained stable in both the dance and aerobic groups. 
Regarding ADL, we explain this stability of scores by a good 

level of autonomy in ADL at baseline. Participants already 
had good scores close to the maximum before the interven-
tion. Ho [38] showed that short-term, multifaceted dance 
movement therapy improved instrumental ADL compared 
with a wait-list control. These results are inconsistent with 
our findings. Like previous studies, we suggest that this 
should be a long-term intervention to reduce ADL deterio-
ration with an exercise intervention. Our participants are 
independent in ADLs and already had good ADL scores 
before the intervention, which explains why we did not 
observe improvements in their scores after the intervention. 
Moreover, neither dance nor aerobic exercise improved 
mobility, contrary to the findings of many authors such as 
Charras [46]. These authors pointed out that physical activ-
ity, including dance, improves muscle strength and balance, 
minimizing the risk of falls in the aged people. Charras [46] 
stated that the shorter execution times of TUG could be due 
to participants being more familiar and comfortable with 
the movements of standing up and walking. Another plausi-
ble explanation is that several studies have shown that high 
serum concentrations of inflammatory markers such as IL-6 
and TNF-α are associated with lower muscle mass, lower 
muscle strength, slower walking speed, poorer balance, and 
lower self-reported functional ability in older adults [42]. 
Anderson-Hanley [47] demonstrated that 6 months of aero-
bic and cognitive training were sufficient to improve func-
tional abilities in older adults with MCI, and this improve-
ment was associated with a reduction in the inflammatory 
cytokine IL-6. In our study, muscle strengthening during 
aerobic training was performed only in the upper limbs, and 
it is quite possible that stimulation in lower limb was not 
sufficient to promote positive adaptations.

Thanks to this study, we could clearly explain the effect 
of dance and aerobic exercise in older people with cognitive 
impairment. The results are related to cognition, behavior, 
and physical function. We demonstrated that dance was 
more effective than aerobic exercise in improving cogni-
tive functions, particularly verbal memory. These findings 
provide guidance for health care professionals. Nonetheless, 
aerobic exercise is the most practiced physical activity in 
nursing homes, community dwelling, and day care facilities 
in France. We have shown that a single dance session per 
week is sufficient to improve cognition. In the study day care 
center, participants visited the facility only twice a week, on 
Wednesdays and Saturdays, arriving at 10 a.m. and leaving 
at 4:30 p.m.; on Wednesdays, they participated in cognitive 
stimulation workshops, our current intervention: aerobic 
exercise or dance exercises; and on Saturdays, they had an 
all-day outing and ate outside. This schedule did not allow 
us to do dance or aerobic exercises twice a week.

Thus, this study has many limitations. First, randomiza-
tion resulted in the dance group having a significantly higher 
school level at baseline than the aerobic group, which is a 
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confounding factor. The second confounding factor is body 
mass index (BMI), because the aerobic exercise group had a 
significantly higher body mass index than the dance group. It 
has been demonstrated, in the literature, that there is an asso-
ciation between the degree of adiposity (inflammation) and 
cognitive dysfunction in older adults [48]. However, in our 
study, this association is not clear because the same group 
(aerobic) that had a higher body mass index was also the one 
that had a better cognitive score (MMSE) at baseline. Sec-
ond, the frequency of the intervention was too low (1 time/
week) to improve mobility and ADL. Scores for the latter 
were already good at baseline, reflecting good autonomy 
in activities of daily living. However, as with TUG, there 
was no significant improvement in TUG scores, although 
both groups had an increased risk of falls from the begin-
ning. In fact, a score of ≥ 13.5 s is used as a cutoff point to 
identify individuals at increased risk of falls in the com-
munity [49], our two groups had a high risk of falls at base-
line (> 13.5), after the intervention, a slight nonsignificant 
improvement was observed in both groups, the dance group 
had a lower risk of falls than the aerobic exercise group, but 
this improvement was not significant. Therefore, the opti-
mal exercise frequency could be further improved. Third, 
our relatively small sample size compared to Ho [38], who 
conducted a RCT with 204 subjects, might affect the gen-
eralizability of the results. Fourth, the literature shows that 
dance movement therapy significantly improves cognitive, 
memory, and executive functions in MCI patients [35, 50, 
51]. To our great regret, due to the conditions imposed by 
the host structure, we were not able to evaluate the effect 
of dance on executive functions using the MoCA test. The 
latter measures executive functions more accurately than 
the MMSE [52, 53]. We cannot measure this cognitive abil-
ity with the MMSE [52]. In future studies, the use of other 
cognitive instruments such as MoCA and TEA could pro-
vide more information in different areas such as reaction 
time, selective attention, executive functions, and attentional 
switching.

In conclusion, this longitudinal study shows that a 
16-week ecological dance intervention significantly 
improves global cognition, particularly verbal memory, 
in older people with cognitive impairment compared with 
aerobic exercise. Both dance and aerobic exercise improved 
positive psychological mood. However, dance and aerobic 
exercise did not improve functional abilities (mobility) or 
activities of daily living. However, the small sample size 
and confounding factors, particularly the school level of the 
dance group, could bias the results. We strongly recommend 
that similar studies comparing a dance group and an exer-
cise group with a large sample be conducted in the future. 
The effects of dance on global cognition, particularly verbal 
memory, also remain unclear. Research into the mechanisms 
underlying dance, such as inflammation (adiposity), brain 

plasticity, and neural connections, may, therefore, provide us 
with further insights. The relationship between depression, 
cognitive impairment, and/or inflammation has been widely 
demonstrated in the literature. Our study today showed that 
depression and cognitive impairment decreased signifi-
cantly in the dance group, so we wonder if inflammation 
also decreased systematically. The effect of dance on proin-
flammatory and anti-inflammatory cytokines in this popula-
tion has never been studied before and, therefore, could be 
a potential direction for further research.

Acknowledgements  We would like to thank the day care center “Aid-
ants Alzheimer 83” for their participation and cooperation. Our special 
thanks to the invaluable help and professionalism of the neuropsy-
chologist and deputy director Damien Gery. We also acknowledge the 
contribution of the physician Bernard Lefebvre.

Author contributions  SA conceived and designed the research, AK 
and MG performed the methodology/experiments, AA supervised the 
experiments and assessments, SA, RB, and OG analyzed the data, SA 
wrote the manuscript, SS revised the draft, and OG supervised and 
validated the design, experiments, assessments, and results. All the 
authors read and approved the manuscript.

Data availability  We consent to data sharing.

Declarations 

Conflict of interest  The authors declare no competing interests. No 
grant is required.

Ethical approval  This prospective intervention study was approved 
by the Research Ethics Committee at STAPS University of Toulon 
(IRB00012476-2021-30-09-127), France, in accordance with the Dec-
laration of Helsinki.

Consent to participate  All participants provided written informed con-
sent before participating in the study.

References

	 1.	 Yan S, Fu W, Wang C, Mao J et al (2020) Association between 
sedentary behavior and the risk of dementia: a systematic review 
and meta-analysis. Transl Psychiatry 10:112. https://​doi.​org/​10.​
1038/​s41398-​020-​0799-5

	 2.	 Petersen S (2000) Mild cognitive impairment: transition between 
aging and Alzheimer’s disease. Neurologia 15:93–101

	 3.	 Martin E, Velayudhan L (2020) Neuropsychiatric symptoms in 
mild cognitive impairment: a literature review. DEM 49:146–155. 
https://​doi.​org/​10.​1159/​00050​7078

	 4.	 Lyketsos CG, Carrillo MC, Ryan JM, Khachaturian AS, Trzepacz 
P, Amatniek J et al (2011) Neuropsychiatric symptoms in Alzhei-
mer’s disease. Alzheimer’s & Dementia 7:532–539. https://​doi.​
org/​10.​1016/j.​jalz.​2011.​05.​2410

	 5.	 Iqubal MK, Saleem S, Iqubal A, Chaudhuri A et al (2020) Natural, 
synthetic and their combinatorial nanocarriers based drug delivery 
system in the treatment paradigm for wound healing via dermal 
targeting. Curr Pharm Des 26:4551–4568. https://​doi.​org/​10.​2174/​
13816​12826​66620​06121​64511

	 6.	 Rodrigues SLS, de Oliveira MCC, de Santana CMF et al (2021) 
Physical exercise as a non-pharmacological strategy for reducing 

https://doi.org/10.1038/s41398-020-0799-5
https://doi.org/10.1038/s41398-020-0799-5
https://doi.org/10.1159/000507078
https://doi.org/10.1016/j.jalz.2011.05.2410
https://doi.org/10.1016/j.jalz.2011.05.2410
https://doi.org/10.2174/1381612826666200612164511
https://doi.org/10.2174/1381612826666200612164511


1298	 European Geriatric Medicine (2023) 14:1289–1299

1 3

behavioral and psychological symptoms in elderly with mild 
cognitive impairment and dementia: a systematic review of rand-
omized clinical trials. Arquivos de Neuro-Psiquiatria

	 7.	 Liu X, Wang G, Cao Y (2023) The effectiveness of exercise on 
global cognitive function, balance, depression symptoms, and 
sleep quality in patients with mild cognitive impairment: a sys-
tematic review and meta-analysis. Geriatr Nurs 51:182–193. 
https://​doi.​org/​10.​1016/j.​gerin​urse.​2023.​03.​013

	 8.	 National Collaborating Centre for Mental Health (UK) (2007) 
Dementia: a NICE-SCIE guideline on supporting people with 
dementia and their carers in health and social care. British Psy-
chological Society (UK), Leicester (UK)

	 9.	 Ayari S, Abellard A, Carayol M et al (2023) A systematic review 
of exercise modalities that reduce pro-inflammatory cytokines in 
humans and animals’ models with mild cognitive impairment or 
dementia. Exp Gerontol 175:112141. https://​doi.​org/​10.​1016/j.​
exger.​2023.​112141

	10.	 Widiyawati W (2015) Influence of elderly gymnastics to reduce 
depression in elderly. Depression 7:53–85

	11.	 Wu VX, Chi Y, Lee JK, Goh HS, Chen DYM et al (2021) The 
effect of dance interventions on cognition, neuroplasticity, physi-
cal function, depression, and quality of life for older adults with 
mild cognitive impairment: a systematic review and meta-analy-
sis. Int J Nurs Stud 122:104025. https://​doi.​org/​10.​1016/j.​ijnur​stu.​
2021.​104025

	12.	 Dominguez JC, Del Moral MCO, Chio JOA et al (2018) Improv-
ing cognition through dance in older filipinos with mild cognitive 
impairment. Curr Alzheimer Res 15:1136–1141. https://​doi.​org/​
10.​2174/​15672​05015​66618​08011​12428

	13.	 de Andrade LP, Gobbi LTB, Coelho FGM et al (2013) Benefits of 
multimodal exercise intervention for postural control and frontal 
cognitive functions in individuals with Alzheimer’s disease: a 
controlled trial. J Am Geriatr Soc 61:1919–1926. https://​doi.​org/​
10.​1111/​jgs.​12531

	14.	 Law C-K, Lam FM, Chung RC et al (2020) Physical exercise 
attenuates cognitive decline and reduces behavioural problems in 
people with mild cognitive impairment and dementia: a system-
atic review. J Physiother 2020(66):9–18. https://​doi.​org/​10.​1016/j.​
jphys.​2019.​11.​014

	15.	 Verghese J, Lipton RB, Katz MJ, Hall CB et al (2003) Leisure 
activities and the risk of dementia in the elderly. N Engl J Med 
348:2508–2516. https://​doi.​org/​10.​1056/​NEJMo​a0222​52

	16.	 Salihu D, Wong EML, Bello UM, Kwan RYC (2021) Effects of 
dance intervention on agitation and cognitive functioning of peo-
ple living with dementia in institutional care facilities: system-
atic review. Geriatr Nurs 42:1332–1340. https://​doi.​org/​10.​1016/j.​
gerin​urse.​2021.​08.​015

	17.	 Wang Y, Liu M, Tan Y, Dong Z, Wu J et al (2022) Effectiveness 
of dance-based interventions on depression for persons with MCI 
and dementia: a systematic review and meta-analysis. Front Psy-
chol 12

	18.	 Song D, Yu DSF, Li PWC, Lei Y (2018) The effectiveness of 
physical exercise on cognitive and psychological outcomes in 
individuals with mild cognitive impairment: a systematic review 
and meta-analysis. Int J Nurs Stud 79:155–164. https://​doi.​org/​10.​
1016/j.​ijnur​stu.​2018.​01.​002

	19.	 Petrini C (2014) Helsinki 50 years on. Clin Ter 165:179–181. 
https://​doi.​org/​10.​7417/​CT.​2014.​1729

	20.	 Schulz KF, Altman DG, Moher D (2010) CONSORT 2010 state-
ment: updated guidelines for reporting parallel group randomised 
trials. J Pharmacol Pharmacother 1:100–107

	21.	 Petersen RC (2004) Mild cognitive impairment as a diagnostic 
entity. J Intern Med 256:183–194. https://​doi.​org/​10.​1111/j.​1365-​
2796.​2004.​01388.x

	22.	 Blacker D, Albert MS, Bassett SS, Go RCP, Harrell LE, Folstein 
MF (1994) Reliability and validity of NINCDS-ADRDA criteria 

for Alzheimer’s disease: the National Institute of Mental Health 
Genetics Initiative. Arch Neurol 51:1198–1204. https://​doi.​org/​
10.​1001/​archn​eur.​1994.​00540​24004​2014

	23.	 Kalafat M, Hugonot-Diener L, Poitrenaud J (2003) The Mini 
Mental State (MMS): French standardization and normative data 
[Standardisation et étalonnage français du “Mini Mental State” 
(MMS) version GRÉCO]. Rev Neuropsychol 13:209–236

	24.	 Hughes CP, Berg L, Danziger WL et al (1982) A new clinical 
scale for the staging of dementia. Br J Psychiatry 140:566–572. 
https://​doi.​org/​10.​1192/​bjp.​140.6.​566

	25.	 Craig CL, Marshall AL, Sjöström M, Bauman AE et al (2003) 
International Physical Activity Questionnaire: 12-country reli-
ability and validity. Med Sci Sports Exerc 35:1381. https://​doi.​
org/​10.​1249/​01.​MSS.​00000​78924.​61453.​FB

	26.	 Committee IR (2005) International physical activity questionnaire: 
short last 7 days self-administered format. http://​www.​ipaq.​ki.​se

	27.	 Tran DV, Lee AH, Au TB, Nguyen CT et al (2013) Reliability 
and validity of the International Physical Activity Questionnaire-
Short Form for older adults in Vietnam. Health Promot J Aust 
24:126–131. https://​doi.​org/​10.​1071/​HE130​12

	28.	 Rivière F, Widad FZ, Speyer E, Erpelding M-L, Escalon H, Vuil-
lemin A (2018) Reliability and validity of the French version 
of the global physical activity questionnaire. J Sport Health Sci 
7:339–345. https://​doi.​org/​10.​1016/j.​jshs.​2016.​08.​004

	29.	 Sheikh JI, Yesavage JA (1986) Geriatric Depression Scale (GDS): 
Recent evidence and development of a shorter version. Clin Ger-
ontol 5:165–173. https://​doi.​org/​10.​1300/​J018v​05n01_​09

	30.	 Robert P, Michel E, Benoit M, Lafont V et al (2005) P3-33 Valida-
tion du NPI-R, version réduite de l’Inventaire Neuropsychiatrique 
français

	31.	 Podsiadlo D, Richardson S (1991) The timed “Up & Go”: a test 
of basic functional mobility for frail elderly persons. J Am Geriatr 
Soc 39:142–148. https://​doi.​org/​10.​1111/j.​1532-​5415.​1991.​tb016​
16.x

	32.	 Katz S, Ford AB, Moskowitz RW, Jackson BA et al (1963) Studies 
of illness in the aged. The index of ADL: a standardized measure 
of biological and psychosocial function. JAMA 185:914–919. 
https://​doi.​org/​10.​1001/​jama.​1963.​03060​12002​4016

	33.	 Borg G (1998) Borg’s perceived exertion and pain scales. Human 
Kinetics, Champaign

	34.	 Doi T, Verghese J, Makizako H, Tsutsumimoto K et al (2017) 
Effects of cognitive leisure activity on cognition in mild cognitive 
impairment: results of a randomized controlled trial. J Am Med 
Dir Assoc 18:686–691

	35.	 Qi M, Zhu Y, Zhang L, Wu T, Wang J (2019) The effect of aerobic 
dance intervention on brain spontaneous activity in older adults 
with mild cognitive impairment: a resting-state functional MRI 
study. Exp Ther Med 17:715–722. https://​doi.​org/​10.​3892/​etm.​
2018.​7006

	36.	 Sink KM, Espeland MA, Castro CM, Church T et al (2015) Effect 
of a 24-month physical activity intervention vs health education 
on cognitive outcomes in sedentary older adults: the LIFE rand-
omized trial. JAMA 314:781–790. https://​doi.​org/​10.​1001/​jama.​
2015.​9617

	37.	 Barnstaple RE (2020) An applied neurobiological model of dance, 
why it matters, and how it heals

	38.	 Ho RTH, Fong TCT, Chan WCS et al (2018) Psychophysiologi-
cal effects of dance movement therapy and physical exercise on 
older adults with mild dementia: a randomized controlled trial. J 
Gerontol Ser B. https://​doi.​org/​10.​1093/​geronb/​gby145

	39.	 Steichele K, Keefer A, Dietzel N, Graessel N et al (2022) The 
effects of exercise programs on cognition, activities of daily liv-
ing, and neuropsychiatric symptoms in community-dwelling peo-
ple with dementia—a systematic review. Alzheimer’s Res Ther 
14:97. https://​doi.​org/​10.​1186/​s13195-​022-​01040-5

https://doi.org/10.1016/j.gerinurse.2023.03.013
https://doi.org/10.1016/j.exger.2023.112141
https://doi.org/10.1016/j.exger.2023.112141
https://doi.org/10.1016/j.ijnurstu.2021.104025
https://doi.org/10.1016/j.ijnurstu.2021.104025
https://doi.org/10.2174/1567205015666180801112428
https://doi.org/10.2174/1567205015666180801112428
https://doi.org/10.1111/jgs.12531
https://doi.org/10.1111/jgs.12531
https://doi.org/10.1016/j.jphys.2019.11.014
https://doi.org/10.1016/j.jphys.2019.11.014
https://doi.org/10.1056/NEJMoa022252
https://doi.org/10.1016/j.gerinurse.2021.08.015
https://doi.org/10.1016/j.gerinurse.2021.08.015
https://doi.org/10.1016/j.ijnurstu.2018.01.002
https://doi.org/10.1016/j.ijnurstu.2018.01.002
https://doi.org/10.7417/CT.2014.1729
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1001/archneur.1994.00540240042014
https://doi.org/10.1001/archneur.1994.00540240042014
https://doi.org/10.1192/bjp.140.6.566
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ipaq.ki.se
https://doi.org/10.1071/HE13012
https://doi.org/10.1016/j.jshs.2016.08.004
https://doi.org/10.1300/J018v05n01_09
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1001/jama.1963.03060120024016
https://doi.org/10.3892/etm.2018.7006
https://doi.org/10.3892/etm.2018.7006
https://doi.org/10.1001/jama.2015.9617
https://doi.org/10.1001/jama.2015.9617
https://doi.org/10.1093/geronb/gby145
https://doi.org/10.1186/s13195-022-01040-5


1299European Geriatric Medicine (2023) 14:1289–1299	

1 3

	40.	 Lazarou I, Parastatidis T, Tsolaki A et al (2017) International ball-
room dancing against neurodegeneration: a randomized controlled 
trial in Greek community-dwelling elders with mild cognitive 
impairment. Am J Alzheimer’s Dis Other Dement 32:489–499

	41.	 Karpati FJ, Giacosa C, Foster NEV et al (2017) Dance and music 
share gray matter structural correlates. Brain Res 1657:62–73. 
https://​doi.​org/​10.​1016/j.​brain​res.​2016.​11.​029

	42.	 Ihara ES, Tompkins CJ, Inoue M et al (2019) Results from a 
person-centered music intervention for individuals living with 
dementia. Geriatr Gerontol Int 19:30–34

	43.	 Ko H-J, Youn C-H (2011) Effects of laughter therapy on depres-
sion, cognition and sleep among the community-dwelling elderly: 
effects of laughter therapy among the elderly. Geriatr Gerontol Int 
11:267–274. https://​doi.​org/​10.​1111/j.​1447-​0594.​2010.​00680.x

	44.	 Huang R, Lu M, Song Z, Wang J (2015) Long-term intensive 
training induced brain structural changes in world class gym-
nasts. Brain Struct Funct 220:625–644. https://​doi.​org/​10.​1007/​
s00429-​013-​0677-5

	45.	 Wang P, Zhang R, Jiang X, Wei S et al (2020) Gray matter volume 
alterations associated with suicidal ideation and suicide attempts 
in patients with mood disorders. Ann Gen Psychiatry 19:69. 
https://​doi.​org/​10.​1186/​s12991-​020-​00318-y

	46.	 Charras K, Mabire J-B, Bouaziz N et al (2020) Dance intervention 
for people with dementia: lessons learned from a small-sample 
crossover explorative study. Arts Psychother 70:101676

	47.	 Anderson-Hanley C, Barcelos NM, Zimmerman EA et al (2018) 
The Aerobic and Cognitive Exercise Study (ACES) for com-
munity-dwelling older adults with or at-risk for mild cognitive 
impairment (MCI): neuropsychological, neurobiological and neu-
roimaging outcomes of a randomized clinical trial. Front Aging 
Neurosci 10:76. https://​doi.​org/​10.​3389/​fnagi.​2018.​00076

	48.	 Balasubramanian P, Kiss T, Tarantini S et al (2021) Obesity-
induced cognitive impairment in older adults: a microvascular 
perspective. Am J Physiol Heart Circ Physiol 320:H740–H761. 
https://​doi.​org/​10.​1152/​ajphe​art.​00736.​2020

	49.	 Barry E, Galvin R, Keogh C, Horgan F et al (2014) Is the timed up 
and go test a useful predictor of risk of falls in community dwell-
ing older adults: a systematic review and meta-analysis. BMC 
Geriatr 14:14. https://​doi.​org/​10.​1186/​1471-​2318-​14-​14

	50.	 Porat S, Goukasian N, Hwang KS, Zanto T et al (2016) Dance 
experience and associations with cortical gray matter thickness 
in the aging population. Dement Geriatr Cognit Disord Extra 
6:508–517

	51.	 Wu C-C, Xiong H-Y, Zheng J-J, Wang X-Q (2022) Dance move-
ment therapy for neurodegenerative diseases: a systematic review. 
Front Aging Neurosci 14:975711. https://​doi.​org/​10.​3389/​fnagi.​
2022.​975711

	52.	 Gluhm S, Goldstein J, Loc K, Colt A et al (2013) Cognitive per-
formance on the mini-mental state examination and the Montreal 
cognitive assessment across the healthy adult lifespan. Cogn 
Behav Neurol 26:1–5. https://​doi.​org/​10.​1097/​WNN.​0b013​e3182​
8b7d26

	53.	 Ihara M, Okamoto Y, Takahashi R (2013) Suitability of the 
Montreal Cognitive Assessment versus the mini-mental state 
examination in detecting vascular cognitive impairment. J Stroke 
Cerebrovasc Dis 22:737–741. https://​doi.​org/​10.​1016/j.​jstro​kecer​
ebrov​asdis.​2012.​01.​001

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.brainres.2016.11.029
https://doi.org/10.1111/j.1447-0594.2010.00680.x
https://doi.org/10.1007/s00429-013-0677-5
https://doi.org/10.1007/s00429-013-0677-5
https://doi.org/10.1186/s12991-020-00318-y
https://doi.org/10.3389/fnagi.2018.00076
https://doi.org/10.1152/ajpheart.00736.2020
https://doi.org/10.1186/1471-2318-14-14
https://doi.org/10.3389/fnagi.2022.975711
https://doi.org/10.3389/fnagi.2022.975711
https://doi.org/10.1097/WNN.0b013e31828b7d26
https://doi.org/10.1097/WNN.0b013e31828b7d26
https://doi.org/10.1016/j.jstrokecerebrovasdis.2012.01.001
https://doi.org/10.1016/j.jstrokecerebrovasdis.2012.01.001

	Comparison of dance and aerobic exercise on cognition and neuropsychiatric symptoms in sedentary older adults with cognitive impairment
	Key summary points
	Aim 
	Findings 
	Message 

	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Participants
	Assessment protocol
	Sedentary assessment
	Cognitive measures
	Psychological and behavioral measures
	Physical function evaluation

	Intervention
	Dance intervention
	Aerobic exercise intervention

	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




