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Efficacy of non-pharmacological
interventions for sleep quality In
Parkinson’s disease: a systematic
review and network
meta-analysis

Rongzhu Tang, Siyuan Gong, Jia Li, Wangjuan Hu, Jihong Liu*
and Chunlian Liao*

Department of Neurology, The Second Affiliated Hospital of Chongging Medical University,
Chongging, China

Background: Sleep disorders are one of the most common non-motor
symptoms in PD. It can cause a notable decrease in quality of life and functioning
in PD patients, as well as place a huge burden on both patients and caregivers.
Currently, there are numerous non-pharmacological interventions available to
improve sleep quality in PD, with disagreement as to which intervention is most
effective. This network meta-analysis was performed to compare and rank non-
pharmacological interventions to explore their efficacy in improving sleep quality
in PD and to select the best interventions, with a view to providing references
and bases for the development of clinical treatments and care programs.

Methods: The PubMed, Embase, Cochrane Central Register of Controlled
Trials (CENTRAL), Web of Science, China National Knowledge Infrastructure
(CNKI), and Wanfang databases were searched from inception to December 6,
2023. Two authors independently screened all studies, extracted the data, and
evaluated risk of bias of included studies. STATA software version 17.0 was used
to conduct the network meta-analysis.

Results: Our network meta-analysis included 29 studies involving 1,477
participants and 16 non-pharmacological interventions. Although most
nonpharmacological interventions showed non-significant effects, the surface
under the cumulative ranking curve (SUCRA) values indicated that the best non-
pharmacological intervention for sleep disorders was massage therapy (97.3%),
followed by music therapy (94.2%), and Treadmill training (85.7%).

Conclusion: Massage therapy can be considered as an effective therapy for
improving sleep quality in patients with PD. Due to limited quantity and quality
of the included studies, more high quality studies are required to verify the
conclusions of this network meta-analysis.

Systematic review registration: identifier CRD42023429339, PROSPERO
(york.ac.uk).
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1 Introduction

(PD), the
neurodegenerative disease, is a chronic senile disease. Sleep disorder

Parkinsons disease second most common
is the most common non-motor symptom in PD, with an incidence
of about 47.66% to 89.10% (Liu et al., 2018) and increasing year by
year with the course of disease. More and more evidence shows that
PD sleep disorders can lead to decreased quality of life (Zuzuarregui
and During, 2020), impaired psychosocial and cognitive function
(Riemann, 2019), fatigue (Cao et al., 2020), depression (Demet et al.,
1999) or substance abuse (Hasler et al., 2012) and may increase the
risk of cardiovascular and metabolic diseases (He et al., 2017). In
addition to health risks, sleep disorders can also bring significant
socio-economic burdens (Frandsen et al., 2020). Studies have shown
that there are large individual differences in the manifestation of sleep
disorders as assessed by questionnaires, requiring individualized
treatment (Stefani and Hogl, 2019). The treatment of sleep disorders
includes pharmacological therapy and non-pharmacological therapy.
Although many medications have been shown to have a certain
therapeutic effect on sleep disorders in PD, they also have potential
side effects and the overall therapeutic effect is still unsatisfactory. For
example, long-term use of sedative-hypnotic drugs may lead to
dependence and tolerance, and increase the risk of falls, cognitive
impairment and daytime sleepiness (Zhang H. et al., 2014). Therefore,
alternative non-pharmacological interventions are needed to improve
sleep quality in patients with PD.

Considering the potential side effects and economic costs of
pharmacological therapy, while non-pharmacological interventions
has the advantages of low incidence of adverse events and strong
sustainability. A wide range of non-pharmacological interventions
have been used to improve sleep in patients with PD. These can
be broadly categorized as follows: environmental interventions (e.g.,
bright light therapy), psychological interventions (e.g., cognitive
behavioral therapy, mindfulness), physical activity interventions (e.g.,
exercise, tai chi, gigong, and yoga), physical therapy (e.g., rTMS,
tDCS), and complementary and alternative therapies (e.g., music
therapy, massage therapy, and acupuncture) (Paus et al., 2007; Skogar
et al,, 2013; Cheung et al., 2018; Wu et al.,, 2020; Zhu et al., 2020;
Buchwitz et al., 2021; Cristini et al., 2021; Luo et al., 2021; Shan et al.,
2022; Wang, 2022; Hsu et al., 2023). However, most previous studies
have focused on comparing the effectiveness of single
non-pharmacological intervention with usual care, sham control or
waiting list in improving sleep quality in PD. There is still a lack of
direct comparative studies between different non-pharmacological
interventions, leading to differences in the best effectiveness of
non-pharmacological interventions. For PD patients or decision-
makers, they are still not known which non-pharmacological
intervention is the best treatment for sleep disorders. Network meta-
analysis (NMA) has been proposed to be the highest level of evidence
in the treatment guideline (Salanti et al., 2014). Different from a
conventional pairwise analysis, NMA analyzes simultaneously both
the direct and the indirect evidence from different studies, estimation
of the relative effectiveness among all interventions, and rank ordering
of the interventions (Caldwell et al., 2005; Bafeta et al., 2014). The
method is helpful to summarize evidence across many interventions
and make optimal clinical decision (Cipriani et al., 2013). Therefore,
this study used NMA to explore the effect of non-pharmacological
interventions on improving sleep quality in PD, in order to provide a
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scientific basis for clinical medical staff to choose the optimal solution
to promote sleep quality in PD patients.

2 Methods
2.1 Protocol and registration

The protocol of this NMA has been registered in PROSPERO
(registration number CRD42023429339). In addition, This systematic
review was performed according to the Cochrane Handbook for the
Systematic Review of Interventions (Cumpston et al., 2021) and
according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement (Hutton et al., 2015). The
details of the PRISMA Checklist are
Supplementary Table S1.

provided in

2.2 Search strategy

Two of the authors (RT and SG) independently searched for
randomized controlled trials (RCTs) from inception to December 6,
2023 in the following databases: PubMed, Embase, the Cochrane
Central Register of Controlled Trials (CENTRAL), Web of Science,
China National Knowledge Infrastructure (CNKI), and Wanfang
databases. A combination of Medical Subject Headings (MeSH terms
or Emtree terms) and free words related to PD, non-pharmacological
interventions, sleep disorders, and RCTs was used, including: (1)
Parkinson disease, Parkinson’s disease, Parkinson*, paralysis agitans,
PD; (2) non-pharmacolog*, intervention, treatment, training,
rehabilitation, exercise, therapy, bright light therapy, BLT, repetitive
transcranial magnetic stimulation, rTMS, deep brain stimulation,
DBS, cognitive behavioral therapy, CBT, mindfulness meditation,
Baduanyjin, qigong, continuous positive airway pressure, CPAP, Tai
Chi, acupuncture, massage therapy, muscle relaxation, aerobic
exercise, resistance training, yoga, dance, music therapy, ultrasound
therapy, low-level laser therapy, etc.; (3) dyssomnias, sleep disorders,
sleep, sleepiness, sleep quality, insomnia; and (4) randomized
controlled trial, randomized controlled trials as topic, controlled
clinical trial, randomized, placebo. Medical Subject Headings (MeSH)
and free words were linked by “OR” in each group and searched by
“AND” to link each group. In addition, the reference lists of the
included literature and related articles were also manually searched to
identify eligible studies. The search strategies for all databases are
listed in Supplementary Table S2.

2.3 Eligibility criteria

The PICOS (population, intervention, comparison, outcomes,
study design) framework (Hutton et al, 2015) was used to
operationalize the eligibility criteria of the studies to be included in
the review.

A study was included if (1) population: adults (>18years)
diagnosed with PD. All participants in the intervention and control
groups who were stably taking antiparkinsonian medications were
also eligible, (2) intervention: participants in the experimental groups
received non-pharmacological interventions with no limits in
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frequency, duration, style, form, or setting, (3) comparison:
participants in the control groups received sham control, waiting list,
or conventional treatment including usual care, supportive instruction
(e.g., health education, sleep hygiene advice), and physiotherapy, or
other non-pharmacological interventions that differed from the
experimental group. However, original trials comparing only different
approaches of the same intervention were excluded, (4) outcomes:
efficacy outcomes were pre-post changes in the Pittsburgh Sleep
Quality Index (PSQI), the Parkinson’s Disease Sleep Scale (PDSS), the
Epworth Sleepiness Scale (ESS), the Insomnia Severity Index (ISI), the
Parkinson’s disease sleep scale version 2 (PDSS-2), the Scale for
Disease-Sleep (SCOPA-S), and the
Questionnaire (MSQ). Safety outcomes were indicative of adverse

Parkinson’s Mini-sleep
events (AEs) after non-pharmacological interventions, (5) study
design: only RCTs were included without any regional or
publication restrictions.

Studies were excluded if they (1) cannot obtain full text or extract
data; (2) were in the trial protocol registration stage and has not yet
officially carried out clinical trials; (3) were conference abstracts,
masteral dissertation and reviews; (4) were repeatedly published or
multiple investigations were based on the same population data, the
latest research or articles with comprehensive information would
be included.

2.4 Data extraction and quality assessment

Two authors (RT and SG) independently extracted data including
the first author, country, year, sample size, baseline characteristics of
participants (age, gender) duration of disease, Hoehn-Yahr stage,
intervention details (type, frequency, intensity and duration),
comparison, and outcomes based on a predesigned form within
Microsoft Excel. Two researchers (RT and SG) independently
evaluated the quality according to the bias risk assessment scale of
randomized controlled trials recommended by Cochrane Handbook
5.1.0 (Higgins and Green, 2011). The scale consists of seven domains:
random sequence generation, allocation concealment, whether blind
method was used for researchers and subjects, whether blind method
was used for outcome evaluation, integrity of outcome data, selective
reporting of results and other risk of bias. Each item was assessed as
being of “low risk,” “high risk,” or “unclear risk” of bias. The results of
the data extraction and quality assessment were cross-checked, and
the divergences were resolved through discussion with a third
author (CL).

2.5 Statistical analysis

2.5.1 Traditional meta-analysis

Standard mean difference (SMD) with the corresponding 95%
confidence interval (CI) was used to express the pooled estimates
because all outcomes were continuous variables in this study but
were measured using various tools. Due to a wide range of
characteristics of the studies included, all analyses were performed
using the random effects model. Statistical heterogeneity between
the studies was assessed using the I statistic, with I* values of 25,
50, and 75% indicating low, moderate, and high heterogeneity,
respectively (Higgins et al., 2003). Moreover, subgroup analysis
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were used to explore the source of heterogeneity. In addition,
Egger’s test were used to evaluate publication bias quantitatively
(Egger et al., 1997).

2.5.2 Network meta-analysis

The quality evaluation was performed using the bias risk quality
evaluation tool in Review Manager 5.3. For all eligible trials,
we selected the difference before and after the intervention for
comparison, If the difference is not reported in the original literature,
the difference is calculated according to the formula in the guide (Shi
etal., 2020). Continuous variables were analyzed using SMD with 95%
CI, and the significance was set at a=0.05.

First, a network map of direct comparisons between different
interventions was drawn by using Stata software (version 17.0). Each
node in the map represents an intervention, and the size of the node
indicates the sample size receiving the intervention. The presence of a
line between two nodes indicates that they have a direct comparison
relationship, and a thicker line indicates a higher number of
comparisons. Subsequently, we examined the global consistency and
used the node-split model to determine the local consistency. p>0.05
indicated no significant inconsistency between direct and indirect
comparisons, and in these cases, the consistency model was adopted;
otherwise, the inconsistency model was used.

Additionally, the league table was used to analyze the results of the
comparisons among the different interventions based on a NMA. the
effects of various interventions were quantitatively analyzed by using
the surface under the cumulative ranking (SUCRA) to rank the effects
of different interventions. SUCRA values range from 0% to 100%, and
if the SUCRA value for an intervention is closer to 100%, it indicates
that the intervention is more effective. However, this conclusion
should be interpreted with caution if there is not a clinically
meaningful difference between the two interventions. Finally, network
funnel plots were drawn and visually checked by using the symmetry
criterion to determine if there was a possibility of bias leading to
NMA publication.

3 Results
3.1 Study selection

Our study initially retrieved 6,987 articles, of which 2,141 were
removed due to duplication, and 4,846 articles remained. Among
them, 4,687 articles were excluded because their abstracts and titles
did not meet the selection criteria; thus, 159 articles remained. After
reading the full text, 130 articles were excluded. Finally, 29 studies
were included in this study. The literature screening process was
shown in Figure 1.

3.2 Study characteristics

Table 1 shows the characteristics of 29 eligible RCTs published
from inception to 2023 and involving 1,477 participants. In this NMA,
The following 16 kinds of non-pharmacological interventions were
used: (1) CBT combined with BLT, (2) electroacupuncture, (3) BLT,
(4) stretch-balance training, (5) aerobic exercise, (6) rTMS, (7)
multimodal exercise, (8) computerized cognitive behavioral therapy,
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Identification of studies via databases

Records identified from
(n=6987) :
PubMed (n=407)
EMBASE (n=3029)
CENTRAL (n=1587)

Records removed before screening:

Web of Science (n=1104)
CNKI (n=108)
Wanfang databases (n=749)
Addition records identified
through other sources(n=3)

Duplicate records removed
(n=2141)

Records excluded after reading titles

Records screened (n= 4846)

Full-text articles assessed for

and abstracts (n=4,687)

Full-text articles excluded (n=130) :

eligibility (n=159)

Total studies included in
network meta-analysis (n=29)

FIGURE 1
The study search, selection, eligibility and inclusion process.

Clinical trial registry record (n=17)
Review (n=14)

Conference Abstract (n=31)

Masteral dissertation (n=8)

Not RCT (n=18)

Unable to extract data (n=26)
Inappropriate interventions (n=6)
Inappropriate outcome measures (n=9)
Data duplication(n=1)

(9) tDCS, (10) baduanjin combined with gigong, (11) mindfulness,
(12) gigong, (13) Tai Chi, (14) yoga, (15) music therapy, (16) massage
therapy. The comparison mainly consisted of placebo, waitlist,
conventional treatment. Among all eligible studies, one study was a
three-arm studies (Altmann et al., 2016), and the remaining 28 studies
were two-arm studies (Paus et al., 2007; Modugno et al., 2010;
Nascimento et al., 2013; Rios Romenets et al., 2013; Skogar et al., 2013;
Zhang W. et al., 2014; Wang et al., 2015; Xiao and Zhuang, 2015; Patel
et al.,, 2017; Videnovic et al., 2017; Cheung et al., 2018; Rutten et al.,
2019; Elyazed et al., 2020; Kraepelien et al., 2020; Moon et al., 2020;
Wu et al., 2020; Xu et al., 2020; Zhu et al., 2020; Zhuang et al., 2020;
Buchwitz et al., 2021; Li et al., 2021; Wu et al., 2021; Nazarova et al.,

Frontiers in Neuroscience

2022; Shan et al., 2022; Wang, 2022; Yu and Chen, 2022; Zhang et al.,
2022; Li et al., 2023).

3.3 Quality assessment

Regarding the risk of bias tool, among the 29 studies included, 20
studies (Modugno et al., 2010; Rios Romenets et al., 2013; Skogar
et al,, 2013; Zhang W. et al,, 2014; Wang et al., 2015; Cheung et al.,
2018; Rutten et al., 2019; Elyazed et al., 2020; Moon et al., 2020; Wu
et al., 2020; Xu et al., 2020; Zhu et al., 2020; Buchwitz et al., 2021; Li
et al., 2021; Wu et al., 2021; Shan et al., 2022; Wang, 2022; Yu and
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TABLE 1 Characteristics of included trails network meta-analysis.

10.3389/fnins.2024.1337616

References Sample Age (I/C) Duration Intervention Details of Measured
(country) (1/C) of interventions (I) outcomes
disease,
years
Rios Romenets 6/6 1:64.5+16.3 1:52+1.8 NA 11/1 1. CBT +BLT CBT: 90 min each, 6 PSQI
etal. (2013) C:69.5+10.5 C:52+44 C: sham control times/weeks
(Canada) BLT: 10,000 lux, for
30min daily lasted
6 weeks
Wang et al. (2015) 28/20 1:70.1+6.2 1:29+29 1:2.0+£0.7 19/26 I: electroacupuncture | 30min each, once PSQI
(China) C:66.9+7.9 C:2.7+2.3 C:2.0+0.8 C: conventional every 3 days, lasted
treatment 8weeks
Videnovic et al. 16/15 I 1:5.94+3.57 NA 13/18 I: BLT 60 min each, twice a PSQI
(2017) (America) 62.31+10.83 C:8.38+3.71 C: sham control day 10,000 lux, lasted
C: 2 weeks
64.07 £8.89
Altmann et al. 11/9/10 11:62.8 £8.6 NA NA NA 11: treadmill training =~ 20 min each, three PSQI
(2016) (America) 12:63.3+7.3 12: stretch-balance times weekly, lasted
C:67.8+9.8 training 16 weeks
C: sham control
Zhuang et al. 19/14 1:60.58+9.21 | 1:70.37+52.26 1:2(1.5,2.5) 18/15 L. r'TMS 1Hz, 1,200 daily PSQI
(2020) (China) C: C: C:2.25(1.75, C: sham control stimuli, 20 min each,
61.57+£13.25 68.57£45.29 3.0) intensity at 110% RMT,
(months) Median lasted 2 weeks
(Q25,Q75)
Wu et al. (2021) 49/49 1: 63.65£6.02 1:4.97+£3.91 NA 56/42 I: multimodal 30 min each, three PSQI
(China) C: C:5.66+3.81 exercise times weekly, lasted
66.59+8.61 C: conventional 8 weeks
treatment
Lietal. (2021) 50/50 1:62.49+7.53 1:4.13+0.58 NA 53/47 I: electroacupuncture = 2Hz/15Hz, electrify: PSQI
(China) C: C:4.08+0.61 C: conventional 30 min, retaining
61.56+7.51 treatment needle:30 min, 1 time/
day, lasted 4 weeks
Lietal. (2023) 51/51 1:64.17+5.42 I:6.17+£2.24 1:3.24+£0.87 61/41 L. 'TMS 5Hz, 30 min each, 1 PSQI
(China) C: C:6.12+£2.13 | C:3.19+0.92 C: sham control time/day, 5 days/week,
64.02+5.67 lasted 4 weeks
Zhu et al. (2020) 19/22 1: 68.53+£1.90 1: 4.68+0.43 1:2+22 25/16 I: Tai Chi 30 min/time, 3 times/ PDSS
(China) C: C:4.00+0.39 C:2+1.2 C: conventional week, lasted 12 weeks
67.77+1.72 treatment
Nazarova et al. 19/16 1:70.1+6.2 NA 1:1.6+£09 14/21 I: electroacupuncture | 30min each, twice PDSS
(2022) (China) C:66.9+7.8 C:2.1+£0.7 C: conventional weekly, lasted 8 weeks
treatment
Xu et al. (2020) 33/37 I: 1:3.52+2.78 NA 36/34 I: electroacupuncture | Depth:0.8-1.5 cm, PDSS
(China) 61.73+£10.28 C:3.26+2.32 C: conventional 30 min/day 4 days/
C: treatment week, lasted 8 weeks
61.95+9.77
Cheung et al. 10/10 1:63.5+8.5 48+29 NA NA I: yoga 60 min each, twice PDSS
(2018) (America) C:65.816.6 C: waitlist weekly, lasted 12 weeks
Skogar et al. 29/15 NA NA NA 16/28 I: massage therapy 60 min each, 10 PDSS
(2013) (Sweden) C: music therapy times/8 weeks
Wang (2022) 38/38 1:70.52+2.32 NA NA 41/35 I: music therapy 30 min each, twice a PDSS
(China) C: C: conventional day lasted 8 weeks
70.21+£1.45 treatment
(Continued)
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TABLE 1 (Continued)

10.3389/fnins.2024.1337616

References Sample Age (I/C) Duration Intervention Details of Measured
(country) (1/C) of interventions (I) outcomes
disease,
years
Zhang et al. 15/10 1: 64.47 +8.44 NA I:2(1.5,2.5) 15/10 I: 'TMS C: sham 60-min each, intensity ESS
(2022) (China) C: C:2(2,3) control of 90% of RMT, 1Hz,
66.90+10.17 median (Q25, 1,200 pulses each time,
Q75) lasted 2 weeks
Paus et al. (2007) 18/18 1:63.6+£9.8 1:7.4+43 1:2.7+£0.6 23/13 I: BLT 7.500 lux, 30 min/every ESS
(Germany) C:63.4+9.7 C:7.9+4.7 C:25+04 C: sham control morning, 1h/after
awakening, lasted
15days
Patel et al. (2017) 14/14 1:63.1+6.8 NA NA 16/12 1. CCBT 6 weeks online, ESS
(America) C:64.7+9.5 C: conventional interactive CBT-I
treatment
Shan et al. (2022) 44/44 1:63.48+3.75 1:6.12+1.58 NA 64/24 L. 'TMS 10 Hz, intensity of 90% ESS
(China) C: C:591+1.42 C: sham control of RMT, 20 min/time, 5
61.92+4.69 times/week, lasted
12 weeks
Wu et al. (2020) 28/26 1:61.0£11.6 1:5.8+2.6 1:24+0.8 30/24 1: tDCS 1.2mA (stimulation ESS
(China) C:62.6+12.2 C:5.7+3.5 C:2.5+0.6 C: conventional intensity), 20 min/time,
treatment 5 times a week, lasted
4weeks
Yu and Chen 41/41 1: 62.62+5.65 1:3.08+1.41 NA 60/22 L. rTMS Intensity:80%-100% of ESS
(2022) (China) C: C:3.20+1.43 C: conventional RMT, 1Hz, 20 min/
62.83+5.72 treatment time, 5 times/weeks,
lasted 4 weeks
Modugno et al. 10/10 I:62+1.58 [:10+1.8 1:3+0.22 10/10 I: music therapy 6h each, 2-3 times / ESS
(2010) (Italy) C:63.2+1.13 C:9.4+1.1 C:3.5+0.17 C: conventional month lasted 3 years
treatment
Rutten et al. 35/37 1:58.9+8.5 NA 1:2.1£0.6 40/32 1. BLT 10,000 lux for 30 min; SCOPA-S
(2019) C:65.8+8.6 C:24+0.7 C: sham control twice/day; lasted
(Netherlands) 12 weeks
Nascimento et al. 17/17 1:67.8+6.8 1. 5.1+39 NA 17/17 I: multimodal 60min each, three/ MSQ
(2013) (Brazil) C:66.3+8.1 C:4.6+3.7 exercise week, lasted 26 weeks
C: conventional
treatment
Kraepelien et al. 38/39 1:65.9+8.5 [:83+4.4 NA 30/47 1: CCBT One module per week ISI
(2020) (Sweden) C:66.1+9.8 C:9.6+5.7 C: waitlist (consisted of educative
texts, interactive forms
and a homework
exercise), lasted
10 weeks
Elyazed et al. 15/15 1: 66.13£5.66 NA NA 15/15 I: treadmill training | 30 min at 40%-50% of ISI
(2020) (Egypt) C: C: conventional heart rate reserve
65.27 £4.96 treatment (HRR); 3 times/week;
lasted 12 weeks
Xiao and Zhuang 48/48 1:68.17+2.27 I:5.45+3.61 1:22+0.21 67/29 I: Baduanjin + Four/week, 45 min PDSS-2
(2015) (China) C: C:6.15+2.63 C:2.1+£0.23 qigong each, lasted 26 weeks
66.52+2.13 C: conventional
treatment
(Continued)
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TABLE 1 (Continued)

Hoehn-—
Yahr

Duration
of
disease,
years

References
(country)

Sample
(1/C)

Age (I/C)

10.3389/fnins.2024.1337616

Measured
outcomes

Details of
interventions (1)

Intervention

Buchwitz et al. 14/16 1: 60.50 + 46— NA 1:2.00 (1-3) 36/35 I: mindfulness 2h/times, 8 times/ PDSS-2
(2021) (Germany) 79 C:2.00 (2-3) intervention weekly, lasted 8 weeks
C: 66.50+ 54— [Median C: waitlist
80 [median (range)]
(range)]
Moon et al. (2020) 8/9 1:66.4+8.1 1:425+2.1 1:2(2-2) 10/7 I: gigong 45min 1 h/times, 2 PDSS-2
(America) C:65.9+54 C:5.33+3.3 C:2(2-2) C: sham control times/day, lasted
[Median 12 week
(Q1-Q3)]

Zhang W. et al. 30/30 1: 63.73+£6.07 1:3.93+4.78 NA 33/27 1. r'TMS 1Hz, 30 min each, 1 PDSS-2
(2014) (China) C: C:4.21+4.25 C: conventional time/day, 5 times/

65.24+5.42 treatment week, lasted 2 weeks

I, intervention; C, control; M, male; F, female; NA, not applicable; CBT, cognitive behavioral therapy; BLT, bright light therapy; rTMS, repetitive transcranial magnetic stimulation; CCBT,
computerized cognitive behavioral therapy; tDCS, transcranial direct current stimulation; PSQI, the Pittsburgh Sleep Quality Index; PDSS, the Parkinson’s Disease Sleep Scale; ESS, the
Epworth Sleepiness Scale; SCOPA-S, the Scale for Parkinson’s Disease-Sleep; MSQ, the Mini-sleep Questionnaire; PDSS-2, the Parkinson’s disease sleep scale version 2; IS, the Insomnia

Severity Index.

Chen, 2022; Zhang et al., 2022; Li et al., 2023) mentioned the use of
random number table method or software-generated random
numbers for random grouping; two studies (Patel et al., 2017;
Kraepelien et al., 2020) mentioned the use of envelope method for
random grouping; and one study (Zhuang et al., 2020) mentioned the
use of coin toss method for random grouping, all were rated as “low
risk” Six studies (Paus et al., 2007; Nascimento et al., 2013; Xiao and
Zhuang, 2015; Altmann et al., 2016; Videnovic et al., 2017; Nazarova
etal,, 2022) only mentioned the word “random,” did not describe the
randomization method, and were rated as having an “unclear risk” of
bias in this field. About allocation concealment, Six studies (Patel
et al.,, 2017; Cheung et al., 2018; Kraepelien et al., 2020; Moon et al.,
2020; Xu et al., 2020; Shan et al., 2022) used sealed opaque envelopes
for allocation concealment. Rutten et al. (2019) used password-
protected secure drives for allocation concealment, and Wu et al.
(2021) used password-protected links for allocation concealment. The
remaining studies did not describe allocation concealment. Due to the
characteristics of some non-drug interventions, it is difficult for
researchers to implement blinding in the intervention process. Only
eight studies (Videnovic et al., 2017; Cheung et al., 2018; Rutten et al.,
2019; Moon et al., 2020; Wu et al., 2020; Xu et al., 2020; Buchwitz et al.,
2021; Wu et al, 2021) mentioned blinding for participants and
researchers, and 10 studies (Paus et al., 2007; Xiao and Zhuang, 2015;
Cheung et al., 2018; Rutten et al., 2019; Moon et al., 2020; Wu et al.,
2020; Xu et al., 2020; Zhu et al., 2020; Buchwitz et al., 2021; Wu et al.,
2021) mentioned blinding for outcome measurers. Among the 29
studies, 20 studies had no dropout cases (Paus et al., 2007; Nascimento
et al., 2013; Rios Romenets et al., 2013; Skogar et al., 2013; Zhang
W. etal., 2014; Wang et al., 2015; Altmann et al., 2016; Videnovic et al.,
2017; Cheung et al., 2018; Elyazed et al., 2020; Moon et al., 2020; Wu
et al,, 2020; Zhuang et al., 2020; Li et al., 2021; Wu et al., 2021; Shan
et al,, 2022; Wang, 2022; Yu and Chen, 2022; Zhang et al., 2022; Li
et al, 2023), and the remaining studies had sample dropout. Among
them, seven studies applied appropriate statistical analysis methods
(i.e., intentional treatment analysis) (Modugno et al., 2010; Xiao and
Zhuang, 2015; Rutten et al., 2019; Kraepelien et al., 2020; Xu et al,,
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2020; Zhu et al., 2020; Buchwitz et al., 2021), and all explained the
groups from which the dropout subjects came and the specific reasons
for the dropout, all were rated as “low risk” Patel et al. (2017)
described the reasons for the dropout and applied the intention-to-
treat analysis, but there was a high dropout rate, so the risk of bias in
this field was assessed as “unclear risk.” Nazarova et al. (2022) did not
mention the causes and treatment of dropout, and was rated as having
a “high risk” of bias in this field. For other biases, all studies described
statistical homogeneity between groups at baseline and were rated as
having a “low risk” of bias in this area. Twenty-three studies (Modugno
etal, 2010; Nascimento et al., 2013; Rios Romenets et al., 2013; Wang
et al., 2015; Xiao and Zhuang, 2015; Altmann et al., 2016; Patel et al.,
2017; Videnovic et al., 2017; Cheung et al., 2018; Rutten et al., 2019;
Kraepelien et al., 2020; Moon et al., 2020; Wu et al., 2020; Xu et al.,
2020; Zhu et al., 2020; Zhuang et al., 2020; Buchwitz et al., 2021; Wu
etal,, 2021; Shan et al., 2022; Wang, 2022; Yu and Chen, 2022; Zhang
etal., 2022; Li et al., 2023) described the approval of the Institutional
Review Board (IRB). Twenty-seven studies (Modugno et al., 2010;
Nascimento et al., 2013; Rios Romenets et al., 2013; Skogar et al., 2013;
Zhang W. et al., 2014; Wang et al., 2015; Xiao and Zhuang, 2015;
Altmann et al., 2016; Videnovic et al., 2017; Cheung et al., 2018;
Rutten et al., 2019; Elyazed et al., 2020; Kraepelien et al., 2020; Moon
et al.,, 2020; Wu et al., 2020; Xu et al., 2020; Zhu et al., 2020; Zhuang
et al., 2020; Buchwitz et al., 2021; Li et al., 2021; Wu et al,, 2021;
Nazarova et al., 2022; Shan et al., 2022; Wang, 2022; Yu and Chen,
2022; Zhang et al., 2022; Li et al., 2023) described that they had
obtained the informed consent of the participants before the
experiment. The methodological quality assessments of the eligible
RCTs are shown in Figure 2, ranging from low to high risk.

3.4 Traditional meta-analysis

3.4.1 Overall effect test
The meta-analysis of the efficacy of non-pharmacological
interventions to improve sleep quality in PD is shown in the forest plot
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Quality assessment of the eligible studies.
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in Supplementary Figure S1. The results of the combined meta-
analysis showed moderate heterogeneity (I*=57.1%, p <0.001), so the
random-effects model was used to test for effect sizes. The combined
effect size was (SMD: —0.47, 95% CIL: —0.64, —0.30, p<0.001),
indicating that the combined effect size was statistically significant,
i.e., non-pharmacological interventions can significantly improve
sleep quality in patients with PD.

3.4.2 Subgroup analysis

To further explore the sources of heterogeneity (I* >50%) among
the studies, subgroup analysis were performed to analyze the factors
causing heterogeneity. Considering the effects of different intervention
durations, intervention frequencies, and intervention period on the
outcomes, subgroup analyses were conducted on three factors:
intervention duration, intervention frequency, and intervention
period. The results of the subgroup analysis showed that among the
forms of non-pharmacological interventions to improve sleep quality
in patients with PD, intervention periods of >6weeks and >5
interventions per week of <60 min are the optimal regimen to improve
sleep quality in patients with PD. The results of subgroup analysis are
shown in Table 2.

3.5 Network meta-analysis

The net evidence of different nonpharmacological interventions
improve sleep quality in PD was shown in Figure 3. According to the
network plot, rTMS, electroacupuncture, BLT, and music therapy were
the more common comparisons. Sham control, treadmill training and
stretch-balance training formed a closed loop, but this is a three-arm
studies. Furthermore, sham control, conventional treatment, treadmill
training and rTMS created a closed loop, which indicated both direct
and indirect comparisons. There was no evidence of direct
comparisons for the other interventions. Table 3 shows the relative
effects of the different interventions on sleep quality. The league table
shows the pairwise comparisons of 16 non-pharmacological
interventions on sleep quality in PD.

3.6 Rank probability

The SUCRA plot and values are shown in Figure 4 and Table 4,
respectively. The SUCRA values and the plot revealed that the
treatments’ comparative efficacy in improving sleep quality was, in
order: massage therapy > music therapy > treadmill training > rTMS
> multimodal exercise > electroacupuncture > tDCS > stretch-balance
training > qigong > Tai Chi > CBT combined with BLT > CCBT >
baduanjin combined with gigong > mindfulness > BLT > conventional
treatment > sham control > yoga > waitlist.

3.7 Consistency analysis

The global inconsistency analysis of this NMA showed a p-value
of 0.267, indicating no significant inconsistency. The results are
summarized in Supplementary Figure S2. Moreover, the results of the
node-splitting analysis showed no inconsistency between direct and
indirect comparisons (p=0.267 to 0.996). The results are summarized
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TABLE 2 Subgroup analysis of the effects of different covariates on sleep quality in patients with PD.

Stratified subgroups SMD (95% Cl) P 1% (%) p heterogeneity
Duration of intervention

<60 min —0.559 (—0.775, —0.342) <0.001 67.4 <0.001

>60 min —0.270 (—0.499, —0.040) 0.021 0.0 0.953
Frequency of intervention

<5 times/weeks —0.468 (—0.758, —0.178) <0.001 66.1 <0.001

>5 times/weeks —0.507 (—0.698, —0.301) <0.001 42.5 0.042
Intervention period

<6 weeks —0.416 (—0.590, —0.241) <0.001 0.0 0.558

>6 weeks —0.518 (—0.758, —0.277) <0.001 66.8 <0.001

CI, confidence interval.

Treadmill training

Multimodal exercise

Stretch-balance training

Electroacupuncture

Conventional treatment

Sham control

tDCS

Baduanjin+Qigong

massage therapy

Music therapy

Waitlist

Mindfulness
Qigong

FIGURE 3

Tai Chi

The network map of non-pharmacological interventions for sleep quality in PD. CBT, cognitive behavioral therapy; BLT, bright light therapy; rTMS,
repetitive transcranial magnetic stimulation; CCBT, computerized cognitive behavioral therapy; tDCS, transcranial direct current stimulation.

—

Yoga

in Supplementary Table 3A. Therefore, we used the consistency model
to perform the NMA. Sham control-conventional treatment-aerobic
exercise-r'TMS formed a quadratic loops without significant
discordance (IF=0.674, 95% CI=0.00-2.13, tau’=0.034). The
multi-arm trials formed a triangular loop: Sham control-aerobic
exercise-stretch-balance which was  defined

training, as

no inconsistency.

3.8 Publication analysis

To assess publication bias, a comparison-adjusted network funnel
plot with a random model was constructed for the outcome (Figure 5).
The results were roughly distributed around the overall effect,
arranged symmetrically around the center line. The included literature
was well distributed, the data analysis results were less affected by the
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publication bias. Egger’s test also showed no publication bias
(p=0.269) (Supplementary Table 3B).

3.9 Incidence of adverse events

For the incidence of AEs, quantitative synthesis was judged to
be inadequate because the number of AEs and the number of patients
experiencing AEs were mixed, so qualitative analysis is adopted.
Thirteen studies (Paus et al., 2007; Rios Romenets et al., 2013;
Videnovic et al., 2017; Rutten et al., 2019; Kraepelien et al., 2020; Zhu
et al., 2020; Nazarova et al., 2022; Yu and Chen, 2022) reported the
incidences of AEs, with five studies (Cheung et al., 2018; Xu et al,,
2020; Zhuang et al., 2020; Buchwitz et al., 2021; Zhang et al., 2022)
reporting no AEs. In Yu and Chen (2022), there was one case of
headache, one case of drowsiness, two cases of memory loss in the
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TABLE 3 League table for non-pharmacologic interventions.

—0.23 (—0.89, 0.43)

—0.68 (—1.74, 0.39)
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—0.45 (—1.29, 0.40)

—0.35 (—1.00, 0.30)

—0.22 (—0.69,
—0.57 (=1.32,0.18)
0.26)
—0.23 (=0.62,
—0.58 (=1.28,0.12) —0.01 (—0.48, 0.46)
0.17)
—0.25 (=0.95,
—0.60 (—1.48,0.28) —0.03 (=0.87, 0.81) —0.02 (—0.82, 0.78)
0.45)
—0.26 (=1.17, —0.01 (—1.06,
—0.61 (=1.48,0.25) —0.04 (=1.04,0.95) —0.03 (=1.00, 0.93)
0.65) 1.03)
—0.41 (—1.47, —0.17 (=131,
—0.77 (=1.95, 0.42) —0.20 (=1.35,0.95) —0.19 (=1.31,0.94)
0.64) 0.97)
—0.45 (—1.16, —0.21 (—1.20,
—0.81 (=1.72,0.11) —0.24 (=0.99, 0.52) —0.23 (=0.93, 0.48)
0.25) 0.79)
—0.52 (=1.74, ~0.28 (=157,
—1.32(-2.66,0.02)  —0.88 (=2.21, 0.45) —0.31 (=1.61,0.99) ~0.30 (—1.58, 0.98)
0.69) 1.01)
—0.55 (=1.37, —0.31 (—1.38,
—0.91 (=1.91, 0.10) —0.34 (=1.20, 0.52) —0.33 (=114, 0.49)
0.27) 0.77)
~0.52 (—1.06, —0.27 (—1.16,
~0.30 (—0.90, 0.30) ~0.29 (—0.83,0.25)
0.03) 0.62)
—0.70 (-1.91, —0.45 (—1.85,
—1.05 (—2.40, 0.30) —0.48 (~1.73,0.77) ~0.47 (~1.69, 0.75)
0.52) 0.96)
~0.39 (=1.07,
~0.42 (-1.12,0.28) —0.41 (—1.06, 0.25)
0.30)
~0.38 (—=1.13,
0.38)
~0.47 (—1.05,
~0.50 (=110, 0.11) ~0.49 (—1.04, 0.06)
0.11)
~0.97 (=229, —0.73 (=2.22,
~1.33 (-2.76,0.11) ~0.76 (—2.10, 0.59) ~0.74 (=2.06, 0.57)
0.34) 0.77)
~0.76 (=195,
~0.79 (=1.79, 0.20) —0.78 (=1.74,0.17)
0.42)
—0.15 (=1.47, 1.16)
—0.04 (=131,
—0.19 (=1.32,0.94)
1.23)
—0.11 (=163, —0.07 (—1.48,
—0.26 (-1.71, 1.18)
1.40) 1.34)
—0.14 (—1.48, —0.10 (—=1.11,
~0.29 (=1.50, 0.91) —0.03 (—1.50, 1.44)
1.20) 0.91)
—0.10 (—1.29, —0.06 (—0.86,
—0.26 (=1.29,0.78) 0.01 (—1.33, 1.34) 0.04 (—0.86, 0.93)
1.09) 0.74)
—0.28 (—1.89, —0.24 (—1.59, —0.14 (—1.05,
—0.43 (-1.94, 1.07) ~0.17 (~1.89, 1.55) —0.18 (—1.45, 1.09)
1.33) 1.11) 0.76)
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TABLE 3 (Continued)

—0.22 (-1.27, —0.18 (—1.06, —0.08 (—1.06,
—0.37 (=1.32,0.57) —0.11 (=1.32, 1.10) —0.12 (—0.88, 0.64) 0.06 (=1.27, 1.39)
0.83) 0.70) 0.89)
—0.21 (—1.30, —0.17 (—0.82, —0.07 (—0.84,
~0.36 (=1.29, 0.57) —0.10 (=135, 1.15) —0.11 (=0.57, 0.36) 0.07 (—1.11, 1.26)
0.89) 0.48) 0.70)
—0.30 (—1.28, —0.26 (=1.07, —0.16 (=1.07,
—0.45 (=1.32,0.42) —0.19 (—1.34,0.97) ~0.20 (—0.87, 0.47) —0.02 (=1.30, 1.26)
0.68) 0.55) 0.75)
—0.56 (=224, —0.52 (—1.96, —0.42 (—1.45,
—0.71 (—2.29,0.87) —0.45 (=2.24, 1.35) —0.45 (—1.82,0.91) —0.28 (—1.45, 0.90)
1.13) 0.92) 0.61)
—0.60 (—2.02, —0.56 (—1.68, —0.46 (—0.96,
—0.75 (=2.05, 0.55) —0.49 (—2.04, 1.07) —0.49 (—1.52,0.53) —0.31 (=1.07, 0.44)
0.83) 0.57) 0.04)
0.01 (—0.59, 0.61)
—0.08 (—0.44, 0.28) —0.09 (=0.57, 0.39)
—0.34 (=1.75, 1.08) —0.35 (=1.63, 0.94) —0.26 (=1.63, 1.11)
—0.38 (=1.47,0.72) —0.39 (=1.30,0.53) —0.30 (=1.33,0.74) —0.04 (—0.94, 0.86)

r'TMS, repetitive transcranial magnetic stimulation; tDCS, transcranial direct current stimulation; CBT, cognitive behavioral therapy; BLT, bright light therapy; CCBT, computerized cognitive
behavioral therapy.

Sham control CBT combined with BLT Conventional treatment Electroacupuncture BLT
@ - @ - - - @
© © 4 © © ©
- e < < <
o~ ~ N o~ N
o+ o+ o+ o+ o+

357 91113151719

-

357 91113161719

-

357 91113151719

-

357 91113151719

-

1357 91113151719

Stretch-balance training Treadmill training TMS Multimodal exercise CCBT
© - © - - - -
© - © 4 © 4 © 4 © 4
= - - < - < <
o~ o~ o~ o~ o~
o o o © ©

1357 91113151719 1357 91113151719 1357 91113151719 1357 91113151719 1357 91113151719
tocs Baduanjin combined with Qigong Waltlist Mindfulness Qigong
@ @ @ | @
© © ©- ©- o
< < - < - <
~ - o~ o~ o~ o~
o+ o o o+ o4 o

Cumulative Probabilities

1357 9113151719 1357 9113151719 1357 91113151719 1357 91113151719 13 5 7 9 1113151719
Tal Chi Yoga Music therapy massage therapy

© - © 4 4 o4 /
©- ©- @ @
< < - b
OF N OF o~
o o 4 o4 o4

1357 91113151719 1357 91113151719 1357 91113151719 1357 91113151719

Rank

Graphs by Treatment

FIGURE 4
The SUCRA plot based on cumulative probabilities of interventions. CBT, cognitive behavioral therapy; BLT, bright light therapy; rTMS, repetitive
transcranial magnetic stimulation; CCBT, computerized cognitive behavioral therapy; tDCS, transcranial direct current stimulation.

ATU group, while there were two cases of headache in the rTMS et al, 2019). Rios Romenets et al. (2013) reported that one patient in
group, but their symptoms were relieved quickly. Rutten et al. reported  the intervention group fell asleep while using BLT, resulting in mild
mild ocular symptoms, headache, and gastrointestinal distress (Rutten  facial burns with no serious consequences. In Videnovic et al. (2017),
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TABLE 4 SUCRA values for non-pharmacologic interventions.

Treatments SUCRA

Sham control 24.4
CBT combined with BLT 41.0
Conventional treatment 30.3
Electroacupuncture 60.2
BLT 31.1
Stretch-balance training 54.9
Treadmill training 85.7
rTMS 74.6
Multimodal exercise 60.2
CCBT 39.8
tDCS 57.1
Baduanjin combined with Qigong 39.2
Waitlist 14.8
Mindfulness 34.0
Qigong 45.8
Tai Chi 43.5
Yoga 21.9
Music therapy 94.2
Massage therapy 97.3

CBT, cognitive behavioral therapy; BLT, bright light therapy; rTMS, repetitive transcranial
magnetic stimulation; CCBT, computerized cognitive behavioral therapy; tDCS, transcranial
direct current stimulation.
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FIGURE 5

The funnel plot of non-pharmacological interventions for sleep
quality in PD.

there were two cases of headache and sleepiness occurred in the BLT
group, while there was one case of itchy eyes occurred in the placebo
group, and these adverse effects subsided spontaneously. In Paus et al.
(2007), four patients in the intervention group reported minor and
transitory side effects, being eyestrain, and feeling of general malaise
(two patients each, respectively). In Kraepelien et al. (2020), there
were one patient experienced temporary stomach discomfort during
meditation practice and felt depressed. In Zhu et al. (2020), two
participants in the Tai Chi group and one participant in the
conventional treatment group reported fatigue and dizziness, and
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there was one case of muscle spasm in each group. In Nazarova et al.
(2022), there was one case of fall in the acupuncture group.

4 Discussion

A total of 29 RCT studies of non-pharmacological interventions
to improve sleep quality in PD were included in this study, and the
included studies were subjected to rigorous quality evaluation and risk
assessment. To the best of our knowledge, this is the first NMA
comparing the efficacy of different non-pharmacologic interventions
for improving sleep quality in PD. The SUCRA values revealed that
the best non-pharmacological intervention was massage therapy,
followed by music therapy and treadmill training. Subgroup analyses
further indicated that non-pharmacological interventions of >6 weeks
duration, >5 interventions per week, and less than 60min per
intervention were the best regimen for improving sleep quality in
patients with PD. Furthermore, In terms of the incidence of AEs, all
non-pharmacologic interventions resulted in few and mild AEs,
improving the clinical safety of the treatment and increasing the
compliance of patients.

Sleep disorders in PD are caused by a variety of factors, including
the degeneration of central sleep regulation, disease progression,
medications, comorbidities, and mood disorders (Gunn et al., 2010;
Rothman and Mattson, 2012; Falup-Pecurariu and Diaconu, 2017)
particularly, motor symptoms of PD, such as nocturnal hypokinesia,
rigidity, tremor exacerbated by overnight wearing-off and painful
dystonia, may contribute to sleep onset and/or sleep maintenance
difficulties (Stack and Ashburn, 2006; Louter et al., 2013). In addition,
nonmotor symptoms such as nocturia, pain, depression, anxiety and
hallucinations, often lead to sleep fragmentation (Gomez-Esteban
et al., 2006; Wailke et al, 2010; Yong et al, 2011). Various
non-pharmacological interventions, as alternative or complementary
therapies, can consistently and effectively improve motor and
nonmotor symptoms in PD, leading to improved sleep quality.

Existing evidence suggests that massage therapy improves sleep
quality in different populations (Pruthi et al., 2009; Nerbass et al.,
2010). In addition, our findings suggest that massage therapy is the
best non-pharmacologic intervention for improving sleep quality in
PD with a SUCRA value of 97.3%. Massage therapy refers to a
technical operation by pressing, moistening, pushing, holding,
kneading and other techniques on specific parts of the human body
surface, easy to operate, safe and non-invasive, high acceptance of
patients. Moderate pressure applied during massage may enhance
vagal activity and inhibit hypothalamic-pituitary-adrenal function by
stimulating pressure receptors that eventually signal the limbic system,
which in turn leads to lower norepinephrine and cortisol levels and
higher serotonin levels (Field, 2016). Decreased norepinephrine levels
slow heart rate, lower blood pressure, and improve sleep (Blagrove
etal.,, 2012). Decreased cortisol levels are thought to be associated with
improved sleep disorders such as obstructive sleep apnea and
insomnia (Blagrove et al., 2012). Increased serotonin levels may
improve depressive symptoms, relieve pain (Field, 2016), and thus
improve overall sleep quality. In addition, massage therapy transmits
stimulation to the autonomic nervous system, activates blood
circulation, relieves muscle tension, releases stress, relaxes the body
and promotes sleep. However, the number of studies on the effects of
massage therapy on sleep quality in PD is limited, and the results of
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the present study were derived from only one RCT study (Skogar
etal,, 2013), which had a small sample size and poor methodological
quality, limiting the accuracy and generalizability of the conclusions,
and the results should be treated with caution. Therefore, more high-
quality, large-sample size RCTs are needed in the future to validate the
long-term effects of massage therapy on sleep quality in PD.

Music is one of the most-used self-help strategies to promote sleep.
A Cochrane review (Jespersen et al., 2015) showed that music therapy
was effective in improving subjective sleep quality in adult insomnia
patients. Although the causes and mechanisms are unknown, the effects
of music therapy on sleep quality can be explained by the following
reasons. Firstly, music’s ability to regulate emotional states may help
improve patients’ sleep quality. The study showed that listening to music
that participants experience as pleasurable elicit increased activity in the
mesolimbic reward network of the brain including the dorsal and
ventral striatum (Jespersen et al., 2023). Secondly, music is closely
related to physiological responses, sedative music induces a relaxation
and distraction response, which reduces activity in the neuroendocrine
and sympathetic nervous systems, resulting in decreased pain, stress,
anxiety, and sleep (Jespersen et al., 2015). In addition, other mechanisms
may come into play such as the masking effect of music whereby music
facilitates sleep by covering noise from the hospital environment
(Jespersen et al., 2023). Our study showed that music therapy ranked
second among nonpharmacological interventions with a SUCRA value
of 94.2% and was effective in improving sleep quality in patients with
PD. However, the relationship between the objective characteristics of
music and the subjective preferences of individuals remains unclear, and
more RCTs are needed in the future to investigate potential differences
in the effects of researcher-selected music and participant-
selected music.

Previous systematic reviews have only demonstrated the efficacy
of exercise on sleep quality in PD (Cristini et al., 2021), there have
been no cross-sectional comparisons for different exercise types, so it
would become meaningful to explore comparisons of efficacy between
them. Our study showed that treadmill training was the third ranked
non-pharmacological intervention with a SUCRA value of 85.7%.
Treadmill training, one of the most common forms of aerobic exercise,
promotes increased levels of brain-derived neurotrophic factor
(BDNF) and induces sleep by creating a state of energy expenditure
and increasing basal metabolic rate (Doris et al., 2018). Moderate-
intensity treadmill training also reduces resting plasma concentrations
of pro-inflammatory cytokines and increases plasma concentrations
of anti-inflammatory cytokines, thereby improving sleep quality
(Kapsimalis et al., 2008). Sacheli et al. has been confirmed that three-
month treadmill training can increase cortico-striatal neuroplasticity
and dopamine release to improve sleep quality (Sacheli et al., 2019).
In addition, treadmill training is not limited by road conditions,
weather, and time, and is suitable for any age and any place, which can
stimulate the potential of patients and achieve lasting and stable
therapeutic effects (Schootemeijer et al., 2020). In short, treadmill
training can be considered an important method to assist in the
treatment of sleep disorders in PD.

Our study showed that rTMS can improve sleep quality in PD,
which is consistent with the results of previous studies. rTMS is a
noninvasive neurostimulation technique with the advantages of
noninvasiveness, painlessness, high therapeutic safety, precise clinical
efficacy, and few adverse reactions (Yang et al., 2018). rTMS can
induce hyperpolarization of cortical neurons, inhibit the excitability
and metabolic level of cerebral cortex, and improve sleep state (Hsu
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etal, 2007). Song et al. (2019) concluded that rTMS can promote the
synthesis of pineal gland and secreting melatonin in PD patients, thus
effectively regulating the sleep cycle (Gorfine and Zisapel, 2007). And
r'TMS can regulate the levels of various neurotransmitters (5-HT, NE,
DA) and maintain the balance of neurotransmitters in the body, thus
improving sleep quality (Kiebs et al., 2019). Due to the small number
of included articles, our study did not perform a subgroup analysis of
the stimulation frequency of rTMS (e.g., 1 Hz/5HZ) to further explore
the efficacy of different stimulation frequencies on sleep quality in
PD. Therefore, more large sample, high quality RCTs are needed in the
future to explore the optimal stimulation parameters and stimulation
modes for rTMS to improve sleep quality in PD.

Multimodal exercise refers to the intervention of two or more
types of exercise (Suzuki et al., 2012), such as aerobic exercise,
strength/resistance training, balance/coordination training, flexibility
training and other combinations of exercise methods. Its rich
environment and exercise types can induce more new neurons and
delay disease progression (Hirsch and Farley, 2009; Chirles et al.,
2017). Several studies have shown that multimodal exercise can
improve muscle strength, flexibility and balance, effectively improve
motor disorders and ADL in PD patients, reduce depression
symptoms, and improve the overall sleep quality of patients with PD
(Suzuki et al, 2012; Vogel et al.,, 2021). It is worth noting that
multimodal exercise as a combination therapy should be more
effective than treadmill training, but this was not the case in our
results. The reason for this effect may be that PD patients are mostly
elderly patients with severe functional impairment, and even most of
them have cognitive dysfunction, which makes it difficult for them to
understand and perform complex, high-intensity multimodal exercise,
and thus patients’ motivation and exercise compliance are poor,
resulting in poor quality of exercise and difficulty in achieving the
desired rehabilitation effect (Schootemeijer et al., 2020).

Traditional meta-analyses have shown that electroacupuncture
significantly improves sleep quality (Hsu et al., 2023), which is consistent
with the results of this study. Electroacupuncture has a weaker effect on
insomnia itself, but it shows excellent results in improving accompanying
symptoms, especially pain and pain-related insomnia. However,
standardized acupoint selection protocols are a major barrier to the
spread of acupuncture therapy (Hsu et al., 2023). In addition, our
findings showed that the remaining non-pharmacological interventions
had no significant effect on sleep disorders in PD. This may be due to
the insufficient number of RCTs included in these interventions, small
sample size and/or disease progression (Rothman and Mattson, 2012;
Louter et al., 2013; Cheung et al., 2018; Liu et al., 2018; Moon et al.,
2020; Zhu et al., 2020; Buchwitz et al., 2021). In particular, the relevant
guidelines recommend CBT as a first-level recommended treatment for
insomnia in the elderly (Koychev and Okai, 2017), but there are few
RCTs on the application of CBT to PD sleep disorders, and the evidence
is relatively weak. Therefore, readers should be cautious about these
results. In the future, more RCTs are needed to verify the efficacy of
these non-pharmacological intervention for
disorders in PD.

Our study also had some limitations. Firstly, there was

strategies sleep

heterogeneity in the included studies, such as the duration, frequency,

and period of non-pharmacologic interventions. Secondly,
we comprehensively searched for non-pharmacological interventions
for sleep disorders in PD, but the language was limited to Chinese and
English, which may have contributed to selection bias. Thirdly, many

comparisons between non-pharmacological interventions include
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only a small number of RCTs, which may have affected the accuracy
of the conclusions. Fourthly, most of the studies included in this
network meta-analysis compared nonpharmacological therapies with
conventional treatment, placebo or wait-list, while the actual number
of head-to-head trials was relatively small, so efficacy comparisons
between interventions are often based on indirect comparisons.
Finally, the overall quality of most RCTs included in this study was
moderate, especially due to the lack of blinding procedures, there was
some risk of overestimation. Due to the nature of non-pharmacological
interventions, blinding of participants and researchers seems
inevitable. In the future, higher quality research is needed to avoid or
reduce the risk of overestimation.

5 Conclusion

Our study compared the efficacy of different non-pharmacological
interventions for sleep disorders in patients with PD, and our results
that the
non-pharmacological intervention for improving sleep disorders in

suggest massage therapy may be preferred
PD, followed by music therapy and treadmill training. However, the
results should be interpreted with caution, considering the limitations
of our above meta-analysis and the limited number of existing RCT
and the small sample size, other potential risks of bias (e.g. lack of
blinded procedures), and some differences in study design.
Therefore, further validation with more large sample, high-quality
RCTs are needed to ensure the scientificity of the findings. Finally, the
results of this study could provide evidence and a reference to healthcare
providers and clinicians when choosing effective interventions to

improve the quality of life and health status of patients with PD.
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