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Abstract

Background Parkinson’s disease (PD) represents the second most common neurodegenerative disease.

Objective To evaluate the effects of dance therapy (DT) aimed at improving non-motor symptoms in PD.

Methods Studies were performed through PubMed, Web of Science, The Cochrane Library, Embase, and Science Direct
from inception to October 27, 2021. The data were screened independently by two reviewers, and the quality of the papers
was assessed using the Cochrane manual. The included studies were randomized controlled trials and quasi-randomized
controlled trials, reporting random-effects standardized mean differences, and 95% confidence intervals as the effect size. &
statistics were used to assess heterogeneity. The main outcomes included the Montreal Cognitive Assessment Scale (MOCA),
Baker Depression Scale (BDI), Parkinson’s Fatigue Scale (FPS-16), and Apathy Scale (AS). RevMan 5.3 software was
integrated for meta-analysis.

Results Nine literatures were analyzed for the meta-analysis with a total of 307 patients. Random effects showed that DT
significantly improved cognitive of PD (MD = 1.50, 95% CI [0.52, 2.48], P=0.0003; I*=51%). However, this meta-analysis
demonstrated that dance therapy had no significance for improving depression (MD=—1.33,95% CI [— 4.11, 1.45], P=0.35;
PP=79%), fatigue (MD =0.26, 95% CI [— 0.31, 0.83], P=0.37; I’=0%), and apathy (MD =0.07, 95% CI [— 2.55, 2.69],
P=0.96; F=50%).

Conclusion The meta-analysis suggests that dance can improve cognitive function in PD.
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Introduction instability [3, 4]. Additional disability arises from the pres-

ence of non-motor symptoms (non-motor symptoms, NMS)

Parkinson’s disease (PD) is a complex, chronic and pro-
gressive neurodegenerative disease in senior citizens that
is expected to increase to 9.3 million by 2030 [1, 2]. PD
patients may have dyskinesia, accompanied by symp-
toms such as bradykinesia, tremor, rigidity, and postural

> Ting-ting Zhan
1924113259@qq.com

School of Nursing, Anhui University of Chinese Medicine,
No. 103 Meishan Street, Hefei 230031, Anhui, China

Department of Brain Center, The First Affiliated Hospital
of Anhui University of Chinese Medicine, No. 117 Meishan
Street, Hefei 230031, Anhui, China

School of Humanities and International Educational
Exchange, Anhui University of Chinese Medicine, No. 103
Meishan Street, Hefei 230031, Anhui, China

such as anxiety, depression, cognitive function, and apathy
[2, 4] with PD that was frequently overlooked by clinicians.

Despite the many side effects of drug treatment, people
are still trying to understand the disease and find effective
treatments for Parkinson’s [5, 6]. However, drug’s efficacy
decreases with the progression of patients with Parkinson
(patients with Parkinson, PwP) [5], and often larger doses
are required to relieve non-motor symptoms. At the same
time, some NMS, such as psychopaths (e.g., depression or
anxiety), can be exacerbated or even induced by dopaminer-
gic drugs and become more common and visible throughout
the disease [7, 8]. In addition, many studies have demon-
strated that the use of antipsychotics also increases mor-
tality and morbidity in PD patients [9, 10]. Therefore, the
researcher needs to seek alternative therapies to relieve their
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non-motor symptoms [6, 11, 12] and improve their quality
of life.

Dance therapy (DT), as a clinical exercise method for
neurological rehabilitation of Parkinson’s disease, is of great
significance in improving balance, functional activity, dual-
task walking, frozen gait, cognitive function, and sleep dis-
orders [12-14]. In addition, a rhythmic dance could activate
neurons that are advantageous to motor control, and the pro-
motion of neural plasticity improves balance, movement, and
cognition of the body with PD [15, 16]. Indeed, dancing is
a feasible, acceptable, complex, and creative social activity
[11] that can improve the attention and memory of PwP, and
may have a positive effect on mild to moderate PD patients.

More and more attention has been paid to the influence
of dance therapy on motor symptoms and non-motor symp-
toms of PD patients [11, 13]. However, previous studies have
focused more on the effects of dance intervention on motor
symptoms [13, 17] and few meta-analysis has focused on the
impact of dance intervention on non-motor symptoms [11,
18]. This review was intended to evaluate the current evi-
dence on the impact of dance therapy on non-motor symp-
toms in people with PD.

Materials and methods

The meta-analysis was considered under the Preferred
Reporting Project for Systematic Reviews (PRISMA) guide-
lines [19].

Inclusion and exclusion criteria

The inclusion criteria are in line with the PICOS strategy
[20].

1. Study design: The study design was randomized con-
trolled trials (RCTs) or quasi-randomized controlled trials
(quasi-RCTs). This meta-analysis was limited to papers pub-
lished in English.

2. Participants: Patients of any age, sex, or disease stage
who have been diagnosed with PD and received dance
intervention.

3. Interventions and comparison: The inclusion criteria
were discussed at least one association of dance or dance
combined with other interventions as the interventions in
the experimental group; In contrast, no intervention or non-
dance intervention was used as the control group.

4. Outcomes: The Montreal Cognitive Assessment has
sufficient psychometric properties as a screening tool for
detecting mild cognitive impairment in Parkinson’s disease
[21]. The baker Depression Scale (BDI) was used to examine
the validity, reliability, and potential reactivity of patients
with PD. The actual difference in total BDI was minimal at
3.3. BDI was an effective, reliable, and potentially reactive
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tool for assessing the severity of depression in PD patients
[22]. PFS was suited for researchers and health care profes-
sionals to assess fatigue in patients with PD [23]. Compared
with other scales, only AS was recommended for evaluating
Parkinson’s apathy [24]. Therefore, the outcome measures
included at least one of the Montreal Cognitive Assessment
Scale (MOCA), Baker Depression Scale (BDI), Parkinson's
Fatigue Scale (FPS-16), and Apathy Scale (AS).

Meanwhile, the following research was ruled out: (1)
conference papers, abstracts, animal experiments, duplicate
studies, systematic reviews, and meta-analyses, (2) unable to
extract objective data or data loss, contact the author is still
unable to obtain the original data of the study.

Literature retrieval strategy

Electronic literature was independently performed by two
researchers (LLW, CJS) through PubMed, Web of Science,
The Cochrane Library, Embase, and Science Direct from
inception to October 27, 2021. Combinations of key terms
including “Parkinson’s disease” OR “Parkinson” OR “par-
kinsonian disorders” OR “Lewy body Parkinson disease”
AND “Dance Therapy” OR “dance” OR “dancing”. The
specific search strategy for each database is given in Supple-
mentary Appendix. Lists of references, systematic reviews,
and meta-analyses were manually searched or referenced to
identify other potential studies.

Selection and quality evaluation of research data

All the selected documents from the database were imported
into EndNote X9, removed duplicates, and screened
abstracts by two investigators independently (LLW, YW).
The remaining full-text documents that meet the criteria
were downloaded and examined. Data were independently
extracted by two researchers (LLW, CJS) according to pre-
set criteria, including first author, year of publication, coun-
try, age, sex, intervention type, experimental group, and
control group, sample, follow-up time, PD duration, and
outcome indicators. The quality of the qualified literature
was evaluated using the Cochrane Collaboration Risk of bias
tool (YCN, SH) [25]. If there were different opinions during
the extraction and assessment process, the third researcher
(JY) in the team was asked to discuss and decide whether
to be included.

Statistical analysis

Statistical analysis of studies was calculated for meta-anal-
yses using the RevMan version 5.3 software (The Cochrane
Collaboration, Software Update, Oxford, UK). Chi square-
based Q test and I statistics were performed for heteroge-
neity among studies [26]. All analyses were homogeneous
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(P>0.1, I < 50%) [27] and were analyzed using a fixed-
effect model. Instead, use a random-effects model [28]. For
continuous variables, standardized mean difference (SMD)
or weighted mean difference (WMD) were used as effect
scale indicators, and 95% CI was calculated. A funnel plot
can be used to detect publication bias if more than ten arti-
cles meet the conditions of meta-analysis.

Results
Characteristics of the included research literature

A total of 1090 papers were initially identified according
to the pre-set retrieval strategy, including 278 in Web of
Science, 192 in PubMed, 134 in The Cochrane Library, 401
in Embase, 78 in Science Direct, and 7 in other sources.
After removing duplicates, 439 abstracts were independently
screened by two evaluators (LLW, YW). After layer by layer
screening, nine literature were finally analyzed for the meta-
analysis [29-37] with a total of 307 patients. Detailed rea-
sons for literature selection and exclusion were performed
in Fig. 1.

Study characteristics and methodological quality

Nine trials were analyzed in this review, and the baseline
characteristics of the patients are shown in Table 1. The

Studies identified through
database searching (n = 1083)

Studies identified through
other sources (n=7)

| |
!

Studies after duplicates removed (n = 439)]

selected studies included eight RCTs [29, 31-37] and one
quasi-RCTs [30], and the eligible studies were published
between 2013 and 2021. Research areas mainly include
China, the United States, Italy, South Korea, Canada, the
United Kingdom, and Japan. There were 307 cases in the
papers, and the number of participants in the nine trials
ranged from 13 to 80, with an average age of > 60 years;
that is, the participants were mainly elderly. Moreover,
there were more men than women (173 males versus 134
females). Additionally, dance interventions mainly include
open-air fitness dancing, Turo (Qi Dance), tango, Sardinian
folk dance, virtual reality dance, dance therapy, and dance.
Finally, the duration of the intervention ranged from 5 to
12 weeks.

Quality assessments of the selected literature

The methodological quality of the included research liter-
ature is shown in Fig. 1. Of the nine studies included, six
papers [30-32, 34-36] mentioned generation of random
sequence, and none reported detailed information hidden
in allocation. Although five studies [29-32, 36] men-
tioned blinding of participates and personnel, however,
the specificity of the experiments made it impossible to
determine whether blinding was performed throughout
the entire process. Moreover, five studies [29-31, 34,
36] accomplished blinding of outcomes evaluators. In
addition, seven [29-31, 33, 35-37] studies mentioned

Studies screened (n = 33)

Studies excluded by title or
abstract (n = 406)

Obvious irrelevance (n=318)
Duplications (n=43)

meta-anlysis (n=45)
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= | Other bias
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Fig. 1 Flowchart of the study selection process and risk of bias of included studies used for this meta-analysis
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incomplete outcome data. All the papers [29-37] pre-
sented selective reporting of outcomes and reported
unclear risk in other bias sources.

Forest plot comparing dance group and control
Cognition

Six RCTs [29, 33-37] with a total of 217 patients were
used the MoCA (Fig. 2A) for assessment of cognition in
the meta-analysis. A randomized effects meta-analysis
showed that DT significantly improved cognition com-
pared with no dance intervention (MD =1.50, 95% CI
[0.52, 2.48], P=0.0003; I>=51%).

Depression

Six studies [29, 31, 32, 34-36] utilized BDI for the meas-
urement of depression (Fig. 2B). This meta-analysis dem-
onstrated that DT had no statistically significant effect on
improving depression in patients with Parkinson’s disease
(MD = — 1.33,95% CI [— 4.11, 1.45), P=0.35; " =79%).
A sensitivity analysis was performed by removing papers,
respectively. After the exclusion of Michels et al. [34], the
heterogeneity changed, and the results implied that DT
was positive to the control on depression (MD = — 2.47,
95% CI[— 4.08, — 0.15], P=0.04; ’=67%).

Fatigue

Two studies [29, 36] utilized PFS-16 for the measurement
of fatigue (Fig. 2C). There may be no evidence of signifi-
cant differences between the dance group and the control
group (MD =0.26,95% CI [- 0.31, 0.83], P=0.37). Het-
erogeneity was low among studies (I* = 0%).

Experimental Control Mean Difference Mean Difference

udy or Subgroup Mean Total Mean Total Weight IV, Random, 95% Cl 1V, Random, 95% C
Frisaldi E 2021 2711 251 19 2655 262 19 178%  0.56(1.07,219) S
McKee KE 2013 261 33 24 263 23 9 143% -0.20(220,1.80)

Michels K 2018 2744 24
Rios Romenets 2015 27.4 21
Solla P 2019 264 347
WANG Gui-Yun 2019 2323 217

9 2475 0.96
18 261 32 15 153%
10 2522 268 10 95%
40 207 179 40 27.4%

158%  2.69(0.86,4.52)
1.30(0.69,3.19] i  —
1.18[1.54,3.90)

253[1.66,3.40) —

Total (95% CI) 97 100.0%  1.50(0.52,2.48]

Apathy

Only two studies [30, 35] in this study used the AS to
measure apathy (Fig. 2D). The result was not significant
(MD=0.07,95% CI [— 2.55, 2.69], P=0.96) with moderate
heterogeneity (1> =50%).

Discussion

The purpose of this study is to collect the relevant studies
on the current randomized controlled trials of dance therapy
for the treatment of non-motor symptoms in PwP, to pro-
vide a theoretical basis for better studies on dance therapy
for NMS in the future. In the qualitative synthesis of this
review, a total of nine literature involving 307 patients with
PD were identified, and the improvement effect of dance
intervention on PD was evaluated according to four indica-
tors of MOCA, BDI, PFS-16, and AS. The results showed
that DT could have a positive impact on cognition levels
among PD patients. However, data showed no differences
in depression, fatigue, and apathy between the two groups.
Therefore, future studies with more randomized controlled
trials are needed to identify the effect of dance on non-motor
Ssymptoms.

Although the number of included papers is small, the
earliest one included in this study was published in 2013,
suggesting that DT as replacement therapy for non-motor
symptoms of Parkinson’s disease is a relatively new area
of research. The evidence has shown that DT has a posi-
tive impact on cognition, cognitive dual-tasking, and brain
structure when compared to controls [17, 38—40]. It has
been noted that there was increased attention and interest in
non-motor symptoms, and it could improve physical, mental
or mood state, cognitive ability, and social effects in PD
[41-46]. In recent years, the PD patients to participate in
the dance for a long time may be more practical than other
forms of physical or mental exercise, because the research

Mean Difference.
IV, Random, 95% CI

Experimental Control Mean Difference
tudy or Subaroup. Mean _SD_Total Mean SD Total Weight IV, Random, 95% CI

Frisaldi E 2021 521 486 19 5 41 19 181%  021(265,3.07)
Lee HJ 2018 114 76 25 16 79 16 132% -460(9.48,0.28)
Lee NY 2015 182 2 10 206 15 10 209% -2.40[-3.95,-0.85)
Michels K 2018 1089 553 9 55 238 4 146%
Rios Romenets § 2015 77 72 18 73 44 15 153%
Solla P 2019 10 1378 424 10 17.9%

5.39(1.09,9.69)
0.40(-3.60,4.40]
-6.189.10,-3.26]

Heterogeneity: Tau*= 0.72; Chi*=10.13, df= 5 (P= 0.07); F= 51%

Testfor overall effect Z= 2.99 (P = 0.003) *

-2 2
Favours [control] Favours [experimental)
A Cognition

Control

Experimental Mean Difference
t an__SD_Total n d, 95%

Mean Difference
ty ubgroup % Cl

—~ Total (95% CI) 91 74 1000%  -1.33[-4.11,145] ———
Tau?= 9.00; Chi*= 24.21, df= § (P= 0.0002); F'= 79% =+ +
Testioromcal efect 2= 0.4 P %0,35) Favours [experimental] Favours [control]
B Depression
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI

Frisaldi E 2021
SollaP 2019

246 091 19 219 087 19 998% 027 0.30,0.84)
333 1469 10 3767 1323 10  02% -4.37[16:62,7.88)

Hashimoto H 2015
Rios Romenets § 2015

102 47 15 121 56 14 481% -1.901:568,1.88]
N3 45 18 204 53 15 51.9% 190(1.74,554)

29 100.0% 0.07[-2.55,2.69]

33
Chi*= 2,02, df= 1 (P = 0.16); = 50%

Total (95% CI) 29 29 100.0% 026[-0.31,0.83] e — Total (95% C1)
Heterogeneity: Chi*= 0.55, df= 1 (P = 0.46), P= 0% 5 s o5 1
Testfor overall effect Z= 0.90 (P = 0.37) Favours [experimental] Favours [control]

C Fatigue

5 = -4 2 o 2
Testior overall e cl 2= 0.05.F%:0,90). Favours [exparimental] Favours [control]

D Apathy

Fig.2 Meta-analysis of DT in PD. A Cognition; B depression; C fatigue; D apathy
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shows that PD patients participate in the dance is a very
high degree of enthusiasm and persistence [13, 44, 45, 47].
Moreover, it has been found that dance, as a creative, social,
and artistic alternative therapy [48] can relieve non-motor
symptoms and improve the quality of life of PwP by reduc-
ing the depressive symptoms of Parkinson’s disease [49,
50]. Furthermore, animal studies have shown that music
enhances spatial cognition due to increased expression of
brain-derived neurotrophic factor (brain-derived neuro-
trophic factor, BDNF) in the dorsal hippocampus [51]. Over-
all, there was no evidence for dance therapy as a treatment
for depression, fatigue, and apathy.

Nevertheless, the current meta-analysis showed that
dance therapy was statistically significant in improving cog-
nition in PD patients, which was not consistent with the pre-
vious study [51]. Some possible reasons are analyzed below.
First, studies have shown that dance therapy has no statisti-
cal significance for non-motor symptoms such as depression,
fatigue, and apathy in PD patients, which may be related to
the complex pathophysiology of non-motor symptoms of
Parkinson’s disease [6]. In terms of non-drug therapy, there
is evidence that dance therapy is a relatively successful alter-
native [44], but many PD patients may prefer psychotherapy.
As aresult, it has been difficult for researchers to rigorously
quantify the effect of dance therapy on non-motor symptoms
[11]. Ruled out, in fact, the study [34], the dance therapy
improved depression in Parkinson’s disease with statistical
significance, but the evidence was lacking. Moreover, this
study found that the dance intervention had no statistical
significance on non-motor symptoms of depression, apathy,
and fatigue in patients with Parkinson’s disease, which may
be due to the short intervention time or insufficient dance
intensity, and the small sample size.

Additionally, the study has several limitations. First, the
randomized controlled trial of dance intervention for non-
motor symptoms with PwP is a relatively new alternative
therapy and lacks long-term follow-up data. Second, the
sample size of our meta-analysis was unequal; the study of
Michels et al. [34] demonstrated that the sample size was
only 13. The overall sample size was too small and varied
between studies, which may have affected the overall qual-
ity of the evidence. Third, the study included only English
literature, which may increase the risk of publication bias.

Indeed, in the process of diagnosis and care of Parkin-
son’s disease, non-motor symptoms are often ignored by
clinicians [52], so in future work, the study should care-
fully identify the risk factors of Parkinson’s disease, care-
fully assess the characteristics [6] of Parkinson’s non-motor
symptoms. Research showed [44] that dance can affect every
aspect of a person’s life, and the study needs to pay more
attention to the physical, psychological, social, and emo-
tional benefits of dance therapy in treating Parkinson’s dis-
ease. Randomized controlled trial on a much larger scale and

@ Springer

of a much higher quality. At the same time, more attention
should be pay to the real experience of PwP participating in
dance intervention.

Conclusion

This study suggests that dance can improve cognitive
function in patients with Parkinson’s disease. Although
the mechanism of DT's effect on fatigue, depression, and
apathy in Parkinson’s disease is unknown, we believe that
dance intervention may be a promising alternative therapy
in future clinical practice. In the future, dance RCTS for
PD patients should follow the accepted standards of clinical
trial methods, and the study of sample size and follow-up
period should be enlarged. In addition, this study should
also explore the most appropriate type of dance, intervention
time, weekly intervention frequency, follow-up time, so as
to achieve the best effect of dance therapy.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40520-021-02030-7.
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