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ABSTRACT

Botulinum toxin (BoNT) remains the gold standard treatment for focal and segmental dystonia and is widely used
in managing hyperkinetic disorders, chronic pain, and glandular hypersecretion. Extensive clinical trials
demonstrate that BoNT effectively ameliorates both the core symptoms of these neurological conditions and their
frequently associated comorbidities, including depression, anxiety, and diminished quality of life. Notably, many
BoNT-treated neurological disorders co-occur with sleep disturbances, yet sleep outcomes remain underexplored.
This review synthesizes current evidence on sleep outcomes following BoNT treatment of both established
neurological indications (e.g., neuropathic pain, chronic migraine, dystonia, spasticity, sialorrhea, hemifacial
spasm, bladder dysfunction) and primary sleep disorders (e.g., restless legs syndrome, sleep bruxism, insomnia).
As a result, BoNT treatment improves sleep outcomes across both categories, potentially through mechanisms
involving modulation of vasomotor tone, hormonal secretion, neural activity, mood, and pain perception.
However, larger, rigorously designed randomized controlled trials are essential to definitively confirm these
therapeutic effects and elucidate the underlying neurobiological mechanisms.
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ASI abobotulinumtoxinA solution for injection

BDNF brain-derived neurotrophic factor CTL control subjects

BoNT botulinum toxin ESS Epworth sleepiness scale

BPE benign prostatic enlargement HAMD Hamilton depression rating scale

BPS bladder pain syndrome HFS hemifacial spasm

BSP blepharospasm ICSD-3 the International Classification of Sleep Disorders
CBT cognitive behavioral therapy ISCIPBDS International spinal cord injury pain basic data set
CD cervical dystonia ISI Insomnia severity index

CDIP-58 Cervical dystonia impact profile KHQ King’s health questionnaire

CGRP calcitonin gene-related peptide LLLT low-level laser therapy

CM chronic migraine LUTS lower urinary tract symptoms

Cco crossover MIQ Migraine impact questionnaire

CpP cerebral palsy MM masseter muscles

CPAP continuous positive airway pressure MOS Medical outcome study

CSHQ the Children’s sleep habits questionnaire MPM medial pterygoid muscles
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NDO neurogenic detrusor overactivity

NHP Nottingham health profile

NP neuropathic pain

NREM non rapid eye movement

NSAIDs non-steroidal anti-inflammatory drugs

OAB overactive bladder

oD overdentures

OL open-label

OMDRS Oromandibular dystonia rating scale

OMT oral motor therapy

OSA obstructive sleep apnea

PGA Physician global assessment

PLMS periodic limb movements of sleep

PROMIS-SD Patient-reported outcomes measurement information system sleep

disturbance

PROMIS- Patient-reported outcomes measurement information system sleep
SRI related impairment

PSG polysomnography

PSQI Pittsburgh sleep quality index

QoL quality of life

RCT randomized controlled trial

REM rapid eye movement

RF radio frequency

RLS restless legs syndrome

SB sleep bruxism

SDSC Bruni Childhood sleep disorder scale

SEQ Secondary effects questionnaire

SL saline

SPL 6 Sleep problems index 6

SPL 9 Sleep problems index 9

SQS Sleep quality score

SWA slow wave activity

™ temporalis muscles

Ul urinary incontinence

UTI urinary tract infection

VAS Visual analogue scale

vPSG- video-polysomnography with high-density electroencephalography
hdEEG

5-HT1F 5-Hydroxytryptamine 1F

1. Introduction

Sleep is vital to overall health, critically affecting cognitive function,
emotional stability, immune regulation, and metabolism [1-4]. Epide-
miologically, sleep disorders affect a substantial proportion of the pop-
ulation, with an estimated prevalence of 35-40 % among American
adults [5], posing significant public health burdens through increased
risks of cardiovascular disease, depression, functional impairment, and
all-cause mortality [6-8]. The International Classification of Sleep Dis-
orders (ICSD-3) [9] categorizes these conditions into seven major
groups: insomnia, sleep-related breathing disorders, central disorders of
hypersomnolence, circadian rhythm sleep-wake disorders, parasomnias,
sleep-related movement disorders, and other specified sleep disorders.
Despite the availability of treatments like pharmacological therapy,
cognitive behavioral therapy (CBT) [10], traditional Chinese medicine
[11] for insomnia, and continuous positive airway pressure (CPAP) [12]
for obstructive sleep apnea (OSA), their effectiveness is frequently
limited by poor adherence, long-term side effects, and restricted access
to specialized care [13-16]. These challenges underscore an urgent
clinical need for more effective, accessible, and well-tolerated thera-
peutic strategies. Emerging interventions such as neuromodulation
techniques and botulinum toxin (BoNT) therapy have shown promising
efficacy and safety in preliminary studies, offering potential approaches
to managing sleep disturbances.

BoNT, a neurotoxin derived from Clostridium botulinum, exerts pre-
synaptically at neuromuscular junction by binding acetylcholine re-
ceptors and inhibiting acetylcholine release, leading to temporary
muscular and autonomic paralysis [17]. It is traditionally classified into
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eight serotypes BoNT, which share similar molecular weights and sub-
unit structures but differ in their mechanisms of action, duration of ef-
fect, and side-effect profiles [18]. BoNT-A and BoNT-B are currently
approved for clinical use, with BONT-A being the most widely utilized.
Over the last four decades, BONT-A has been widely used to treat various
neurological conditions, including dystonia [19], chronic migraine (CM)
[20], neuropathic pain (NP) [21], hemifacial spasm (HFS) [22], tremor
[23], tic disorder [24], post-stroke spasticity [25], Raynaud’s phenom-
enon [26], and autonomic dysfunction [27] such as sialorrhea [27],
hyperhidrosis [27], bladder pain syndrome [28] and overactive bladder
(OAB) [29]. Clinical evidence confirms its efficacy in alleviating both
motor and non-motor symptoms associated with these conditions,
including pain, anxiety, depression and impaired quality of life (QoL).
Importantly, these neurological conditions frequently co-occur with
sleep disturbances [5,30]. Emerging data suggest that BoNT not only
alleviates the core neurological symptoms but may significantly improve
comorbid sleep dysfunction, suggesting dual therapeutic benefits.
Furthermore, preliminary reports highlight BONT’s potential in primary
sleep disorders like restless legs syndrome [31], sleep bruxism (SB) [32],
insomnia [33], OSA [34] and periodic limb movements of sleep (PLMS)
[35]. Despite these promising observations, a systematic evaluation of
BoNT’s role in both primary sleep disorders and sleep disturbances
secondary to neurological conditions remains lacking.

Here we aim to synthesize available evidence on the therapeutic
effects of BoNT for sleep disturbances occurring both in neurological
conditions with high comorbidity and as primary sleep disorders. For
neurological conditions comorbid with sleep disturbances, we focus on
established BoNT indications with Level A/B guideline recommenda-
tions, including NP [36], CM [37], dystonia [38], spasticity [25], sia-
lorrhea [39], HFS [22] and bladder dysfunction [27,28]. These
represent well-validated BoNT targets with frequent clinically signifi-
cant sleep comorbidity. Regarding primary sleep disorders, analysis is
limited to RLS, SB, and insomnia, where preliminary BoNT-A evidence
exists, unlike other primary sleep disorders where data remain limited.
Through systematic evaluation of randomized controlled trials (RCTs),
observational studies, and longitudinal analyses, we assess BoNT’s ef-
ficacy and safety in improving sleep parameters while exploring po-
tential neurobiological mechanisms. Our findings delineate documented
therapeutic benefits and highlight critical research needs to define
BoNT’s role in sleep management across expanding clinical applications.

2. Methods

A systematic literature search was conducted across PubMed,
Cochrane Library, and Web of Science from database inception through
June 30, 2025. This review evaluated sleep-related outcomes following
BoNT treatment for conditions including NP, CM, dystonia, spasticity,
sialorrhea, HFS, bladder dysfunction, RLS, SB, and insomnia. The search
selected BoNT as the primary intervention and sleep-related outcomes as
primary outcomes.

Inclusion criteria required studies to: involve human participants
diagnosed with the aforementioned conditions; administer BoNT ther-
apeutically either as monotherapy or in combination with other in-
terventions (pharmacological agents, psychotherapy, or physical
treatments); report quantitative sleep outcomes in at least one of the
following domains: sleep quality, duration, architecture, latency, day-
time sleepiness, nocturnal awakenings, or sleep efficiency; utilize vali-
dated outcome measures, including subjective instruments such as
Pittsburgh sleep quality index (PSQI), Epworth sleepiness scale (ESS),
Insomnia severity index (ISI), sleep diaries, and composite scales con-
taining sleep components, or objective assessments like actigraphy or
polysomnography (PSG); and employ RCTs, observational, or longitu-
dinal study designs.

Exclusion criteria comprised duplicate publications, studies lacking
extractable outcome data, conference abstracts, study protocols, case
reports, preclinical or in vitro investigations, review articles, and
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Fig. 1. Four-phase flow diagram for selection of studies using PRISMA selection guidelines.
Table 1
BoNT studies in patients with neuropathic pain.

Study Design Group Size* BoNT Intervention Control Measure tool Main results Adverse

type events

Diabetic neuropathy

Yuanetal, RCT BoNT 10/10 Botox intradermal injection, 50 U per SL PSQI 1 PSQI at 4 wk local skin
2009 CcOo SL foot, 12-24wk CO infection
[45]

Salehi RCT BoNT 16/16 Dysport intradermal injection (foot), 100 SL PSQI | PSQI from baseline  not
et al., SL U to 12 wk mentioned
2019
[42]

Postherpetic neuralgia

Xiao et al., RCT BoNT 20/ HengLi subcutaneous injection into 0.5 % sleep time 1 sleep time atday 7  pain
2010 lidocaine 20/20 allodynic area, maximum 200 U lidocaine SL (hours) and after 3 mo
[46] SL

Apalla RCT BoNT 15/15 Botox subcutaneous injection into the SL five-item | sleep scores at 2 pain
et al., SL affected area, 100 U questionnaire and 4 wk
2013
[47]

Chenetal.,, RCT BoNT 50/50 HenglLi subcutaneous injection into the RF SQS 1 SQSatl,4,12,24  transient arm
2022 RF affected area, maximum 200 U wk, no group- weakness
[43] difference

Trigeminal neuralgia

Xia et al., prospective  BoNT 87 HengLi intracutaneous injection into the - sleep | sleep interference swelling and
2016 pain area and trigger site, 100 U interference scoresat1,2,4,8wk  muscle ease
[44] score

Post-traumatic or postsurgical NP

Attal et al.,, RCT BoNT 34/32 Botox subcutaneous injection into the SL SPL-6 | SPL-6 and SPL-9 at  pain
2016 SL painful area, maximum 300 U, SPL-9 24 weeks
[48] repeated after 12 wk

Stump pain

Kernetal,  case series BoNT 2 with  BoNT-B arm: 2500 U into trigger points - VAS 1 sleep quality at local pain
2004 arm of the stump night
[49] 2 with leg: 2500 U/5000 U into trigger

leg points of the distal stump

Spinal cord injury

Chunetal., RCT BoNT 5/3 Botox subcutaneous injection into the SL ISCIPBDS | sleep subscale, pain
2019 Cco SL painful area, maximum 400 U, except two subjects
[50] 12wk CO

BoNT-A: botulinum toxin A; CO: crossover; ISCIPBDS: International spinal cord injury pain basic data set; NP: neuropathic pain; OL: open-label; PSQI: Pittsburgh sleep
quality index; RCT: randomized controlled trial; RF: radio frequency; SL: saline; SPL 6: Sleep problems index 6; SPL 9: Sleep problems index 9; SQS: Sleep quality score;
VAS: Visual analog scale. *Sample sizes for BONT group/comparison group. |: significant decrease; 1: significant increase.

publications where sleep disturbances were attributable to major sys-
temic disorders (such as cardiovascular or metabolic conditions) or
primary psychiatric disorders (including schizophrenia).

Following duplicate removal, two independent reviewers (G.K. and
Q.Y.) screened titles/abstracts against eligibility criteria. English-

language peer-reviewed publications meeting initial screening pro-
ceeded to full-text evaluation. The same two reviewers then indepen-
dently assessed the full text of the remaining articles. They also
independently appraised the methodological quality and risk of bias for
each included study. Any discrepancies in study selection or quality
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Table 2

BoNT studies in patients with chronic migraine.
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Study Design Group Size* BoNT Intervention Control Measure Main results Adverse events
type tool
Cady et al., RCT BoNT 1-3 Botox 139U per cycle (3 mo) SL MIQ | sleep scoresat 2 temporary, mild to
2008 [54] OL SL mo: (corrugator 12 U, and 3 mo; |at 4-6 moderate severity
40/21 splenius capitis 20 U, mo in OL period
3-6 trapezius 40 U,
mo: temporalis 40 U,
19/- procerus 3 U, frontalis 24
0)
Cady et al., RCT BoNT 0-12 onaBoNT- 100 U into fixed topiramate PGA | sleep scores in fatigue, nausea,
2011 [55] OL topiramate wk:29/ A locationsand upto 100U with SL both groups over concentration/
30 follow-the-pain strategy, baseline memory issues,
14-26 maximum 200 U with mood swings
wk: 9/ placebo tablets per cycle
11 (12 wk)
Aydinlar prospective BoNT 190 Botox 155 U into fixed-site, 40 - PSQI — PSQI, eyebrow
et al., 2017 U follow-the-pain tsubjective sleep asymmetry, neck
[57] strategy, every 12 wk for quality, | latency pain, dysphagia
at least 2 cycles and disturbance
at 12 wk
Loeb et al., RCT BoNT 18/18 Botox 155U diode laser qualitative — sleep quality pain and relaxation
2018 [56] LLLT infrared score (0-10) between groups in muscles
Marina et al., observational ~ BoNT 1y:99 BoNT-A 155 U into fixed-site, 40 - MOS — MOS over 2y severe allodynia
2019 [59] OL 2y: 44 U follow-the-pain
strategy, every 12-16 wk
Blumenfeld prospective BoNT 716 onaBoNT- 155U, every 12wk for9 - PSQI 1 PSQI from pain, ptosis,
et al., 2019 OL A cycles baseline to 60 and stiffness, injection
[53] 108 wk site discomfort
Torrente prospective BoNT 42 Botox 195 U (procerus 5 U, - PSQI — PSQI from migraine, pain
et al., 2023 corrugator 10 U, frontalis baseline to 12 wk
[58] 20 U, temporalis 50 U,

occipitalis 40 U, cervical
paraspinalis 20 U,
horizontal trapezii 50 U)

BoNT-A: botulinum toxin A; LLLT: low level laser therapy; MIQ: Migraine impact questionnaire; MOS: Medical outcome study; OL: open-label; PGA: Physician global
assessment; PSQIL: Pittsburgh sleep quality index; RCT: randomized controlled trial; SL: saline. *Sample sizes for BONT group/comparison group. The 155 U total dose
was distributed across muscles: corrugators (10 U), procerus (5 U), frontalis (20 U), temporalis (40 U), occipitalis (30 U), cervical paraspinal muscles (20 U), and

trapezius (30 U). |: significant decrease; 1: significant increase; —: no significant difference.

assessment were resolved through consultation with a senior author (N.
X).

3. Results

The initial search across the three academic databases retrieved a
total of 1211 papers: PubMed (n = 345), the Cochrane Library (n = 135),
and Web of Science (n = 731). After removal of duplicates, 612 unique
records were retained. Based on the predefined inclusion and exclusion
criteria, 53 peer-reviewed articles were initially selected. Among these,
three were excluded as case reports unrelated to the target conditions:
one on snoring, one on OSA, and one on PLMS. Consequently, a total of
50 studies were included in this review: nine on NP, seven on CM, twelve
on dystonia, three on spasticity, two on sialorrhea, three on HFS, five on
bladder dysfunction, three on RLS, five on SB, and one on insomnia.
Fig. 1 shows the search process based on the PRISMA flowchart.

3.1. BoNT in neurological disorders: secondary sleep benefits

3.1.1. Neuropathic pain

NP, characterized by heightened sensitivity to pain and/or sponta-
neous pain [40], affects approximately 6.9%-10% of the population
[41]. According to the guidelines of the American Academy of Neurology,
BoNT is effective for NP and recommended as Level A [36]. Studies have
demonstrated that BoNT can provide relief for pain, anxiety, depression,
and QoL for NP patients [42-44]; however, the secondary improvement
of sleep quality reported controversial results (see Table 1).

3.1.1.1. Diabetic neuropathy. Two RCTs demonstrated that patients
with diabetic neuropathy experienced significant improvements in sleep

quality following BoNT-A injection, as evidenced by reduced PSQI
scores [42,45]. One trial observed these effects as early as 4 weeks
post-injection [45], while the other confirmed sustained benefits up to
12 weeks [42].

3.1.1.2. Postherpetic neuralgia. For postherpetic neuralgia, three RCTs
showed that BoNT-A treatment could increase sleep hours with the
tendency up to 3 months [46], reduce sleep scores of five-item ques-
tionnaire at 2 and 4 weeks [47], and improve sleep quality score at 1, 4,
12 and 24 weeks [43].

3.1.1.3. Trigeminal neuralgia. A prospective study found that patients
with trigeminal neuralgia showed lower sleep interference scores at 1, 2,
4, and 8 weeks after BONT-A treatment [44].

3.1.1.4. Posttraumatic or postsurgical neuropathic pain. One RCT re-
ported that both the Sleep problems index-6 (SPL-6) and SPL-9 scores
were significantly decreased at 24 weeks following two administrations
of BoNT-A in patients with peripheral NP, primarily due to post-
traumatic or postsurgical etiologies (accounting for approximately
two-thirds of the cases) [48].

3.1.1.5. Stump pain. A case series reported four patients with stump
pain and involuntary movements, including two with upper limb am-
putations and two with lower limb amputations. Following treatment
with BoNT-B, both pain and involuntary movements were alleviated.
Notably, one patient reported a significant improvement in nighttime
sleep quality, as measured by the Visual analog scale (VAS) [49].
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Table 3
BoNT studies in patients with dystonia.
Study Design Group Size* BoNT type Intervention Control ~ Measure Main results Adverse
tool events
Blepharospasm
Zhou et al., prospective BoNT 123 Botox 20 U (orbicularis oculi - PSQI 1 PSQI at 1 mo; not
2023 [65] muscle) increasedat 3mo  mentioned
Silvia et al., Cross- BoNT 13 BoNT-A total dose for both eyes: - PSQI | sleep latency, 1 not
2023 [66] sectional 160-200 U (orbicularis oculi sleep diary  efficiency; — mentioned
muscle and corrugator) actigraphy  other variables
Oromandibular dystonia
Yoshida retrospective BoNT 408 Botox intramuscular injections - OMDRS | OMDRS, weakness,
et al., (lateral pterygoid, medial subscales and tenderness,

2022 [67] pterygoid, and tongue patient-rated dysphagia

muscles) questionnaires
Meige Syndrome
Zheng et al., prospective BoNT 75 BoNT-A intramuscular injection - PSQI — PSQI, ISI, ESS, not
2023 [68] 1SI sleep mentioned
ESS disturbances
number
Cervical dystonia
Christine prospective BONT 21 Dysport 2.9 + 0.2 injections, 450 + - NHP — sleep scores dysphagia,
et al., 18 U per injection after treatment pain,

2000 [62] (sternocleidomastoid, weakness,
trapezius, splenius capitis, fatigue,
levator scapulae) dysphonia

Jankovic prospective BoNT session onaBoNT-A 1:171.6 £ 789U - CDIP-58 | all subscale weakness,
et al., 1: 1041 2:199.6 + 88.3U scores, sustained dysphagia,

2015 [70] 2: 804 3:207.2+93.0U over time pain

3: 636
Marion RCT 1: ASI 0-12 Dysport 0-12wk: SL CDIP-58 | sleep subscale not
et al., OL 2: aboBoNT wk: 1: 500 U at 4 wk post- mentioned
2019 [63] 3:SL 156/ 2:500 U BONT
159/54 12-60wk: ASI: 250-1000 U
Matteo etal.,  longitudinal 1: aboBoNT 1: 21 1: Dysport 1: 445.8 +192.2U - PSQI — PSQI and ESS not
2021 [64] 2: onaBoNT 2:18 2: Botox 3: 2:90+ 253U ESS mentioned
3: incoBoNT 36 incoBoNT-A 3:121.8 + 35.2 U (splenius
capitis, sternocleidomastoid,
trapezius, and levator
scapulae)
Serena et al.,  prospective 1: BoNT for CD 9/8 BoNT-A 250 £29.9U - vPSG- | arousals and not
2022 [72] 2: CTL hdEEG overnight SWA mentioned
actigraphy ~ power
Comella RCT 1: Short Flex 1: 142 incoBoNT-A  over 8 cycles: - CDIP-58 | total scores; dysphagia,
et al., OL 2: Long Flex 2: 140 1:272 £ 1126 U sleep subscales headache,

2022 [69] 2:268 +£101.2U favored Short weakness

Flex

Matgorzata RCT 1: BoNT+ 17 onaBoNT-A same dose and brand every - PSQI — PSQI between pain

et al., Cco KinesioTaping 2: or 12 wk for 3 cycles groups or over

2024 [71] BoNT-+sham 3: aboBoNT-A time

BoNT+no taping

Haidy et al., prospective BoNT 40 (16 BoNT intramuscular injection - PSQI 1 PSQI not

2025 [73] CD, 24 mentioned

HFS)

ASI: abobotulinumtoxinA solution for injection; BONT-A: botulinum toxin A; CD: cervical dystonia; CO: crossover; CDIP-58: Cervical dystonia impact profile; CTL:
control subjects; ESS: Epworth sleepiness scale; HFS: hemifacial spasm; ISI: Insomnia severity index; NHP: Nottingham health profile; OMDRS: Oromandibular dys-
tonia rating scale; OL: open-label; PSQI: Pittsburgh sleep quality index; RCT: randomized controlled trial; SL: saline; SWA: slow wave activity; vPSG-hdEEG: video-
polysomnography with high-density electroencephalography. Short Flex and Long Flex refer to two injection schedules, Short Flex: 8 + 2 weeks; Long Flex: 14 + 2
weeks. *Sample sizes for BONT group/comparison group. |: significant decrease; 1: significant increase; —: no significant difference.

3.1.1.6. Spinal cord injury. In an RCT involving eight patients with
central NP due to at-level spinal cord injury, four of the six evaluable
participants reported significant improvements in sleep, while the
remaining two showed no notable changes [50].

In conclusion, for patients with various NP, BoNT can reduce sub-
jective sleep scale scores, with great potential to improve both sleep
quantity and quality. However, more studies are needed to fully un-
derstand the effects of BoNT treatment on sleep and to explore the
mechanisms involved.

3.1.2. Migraine

Migraine is a common headache and the second leading cause of
disability among neurological disorders [51], with a prevalence ranging
from 2.6% to 21.7%, averaging at 12% [52]. Oral pharmacological

treatments are recommended for acute migraine attacks and include
analgesics or non-steroidal anti-inflammatory drugs (NSAIDs), triptans,
calcitonin gene-related peptide (CGRP) receptor antagonists, selective
5-Hydroxytryptamine 1F (5-HT1F) receptor agonists [37]. BoNT-A has
been shown to be effective in the preventive treatment of CM (migraine
occurring on >15 days per month) [37]. BoNT has been recommended
for CM due to its effectiveness in increasing headache-free days and
improving depression, anxiety, fatigue and QoL [51,53]. However, there
are conflicting views on the improvement of sleep quality with BoNT
treatment (see Table 2).

In two RCTs, BoNT-A injections resulted in improvements in both
Migraine impact questionnaire (MIQ) [54] and Physician global
assessment (PGA) [55]. However, another RCT comparing BoNT-A to
low-level laser therapy (LLLT) showed non-significant improvement in
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Table 4
BoNT studies in patients with spasticity.
Study Condition Design Group  Size*  BoNT Intervention Control ~ Measure Main results Adverse
type tool events
Binay et al., cerebral palsy observational ~ BoNT 24 BoNT- intramuscular injection - CSHQ | sub-scores, including not
2016 [75] A bedtime resistance, sleep mentioned
anxiety and daytime
sleepiness at 1mo; — at 3,6
mo
Toyohiro post-stroke retrospective BoNT 47 Botox maximum 60 U into - VAS patients with over 20 none
et al., hemiplegia selected muscles treatments and continued
2019 [76] therapy showed decreased
insomnia
Deveci 2020 unilateral observational ~ BoNT 35 BoNT- 200 U (gastrocnemius - PSQI 1 PSQI at 3 mo not
[79] lower limb A muscles 100 U, soleus mentioned

after stroke

muscle 100 U)

BoNT-A: botulinum toxin A; CSHQ: the Children’s sleep habits questionnaire; PSQI: Pittsburgh sleep quality index; VAS: Visual analogue scale. *Sample sizes for BONT

group/comparison group. |: significant decrease; —: no significant difference.

sleep quality during the treatment phase, with better sleep quality fa-
voring LLLT group [56]. Of three prospective studies using PSQI for
assessment, one showed a significant decrease in scores at 60 and 108
weeks [53], while two studies found no significant difference in PSQI
total scores [57,58]. However, one study reported that sub-scores such
as subjective sleep quality, latency and disturbance improved signifi-
cantly at 12 weeks [57]. Similarly, Marina et al. reported no significant
changes in Medical outcome study (MOS) scores during a period of 2
years [59].

In summary, BoNT-A may decrease subjective sleep scale scores,
which could lead to reduced sleep latency and improved sleep quality.
Although BoNT treatment has shown potential effects on sleep quality,
the current evidence remains conflicting. Further studies are warranted
to elucidate the underlying mechanisms and to optimize the therapeutic
use of BoNT in migraine management.

3.1.3. Dystonia

Dystonia is a common movement disorder characterized by
abnormal involuntary movements or postures due to intermittent mus-
cle contractions [60], with a prevalence of approximately 16.43 per 100,
000 individuals [61]. BoNT has been recommended as the first-line
treatment for focal or segmental dystonia [38], significantly
improving clinical symptoms, including pain, emotional disorders, and
QoL [62-64]. However, the effects of BoNT on sleep disturbances in
dystonia patients remain debated (see Table 3).

3.1.3.1. Blepharospasm. One study involving patients with blepharo-
spasm (BSP) reported a significant reduction in PSQI scores at one
month following BoNT-A treatment [65]. However, a cross-sectional
study in BSP patients found no improvement in mild to moderate
insomnia, yet observed significant enhancements in sleep latency, sleep
efficiency, and rhythm amplitude of sleep perception, as assessed by
actigraphy and sleep diaries [66].

3.1.3.2. Oromandibular dystonia. For oromandibular dystonia patients,
BoNT effectively reduced the sleep-related domains of the Oro-
mandibular dystonia rating scale (OMDRS) [67].

3.1.3.3. Meige syndrome. One study on Meige syndrome reported no
significant improvement in PSQI, ESS and ISI scores [68].

3.1.3.4. Cervical dystonia. Christine et al. performed a study in patients
with cervical dystonia (CD) using the French version of Nottingham
health profile (NHP) to assess sleep-related domains, and no significant
improvement was observed [62]. An RCT comparing the effectiveness of
two BoNT-A formulations for CD both showed significant improvement
in the sleep subscale of the Cervical dystonia impact profile (CDIP-58)

after 4 weeks [63]. Consistent with findings, studies by Jankovic et al.
and Comella et al. also demonstrated significant improvements in the
CDIP-58 sleep subscale following BoNT-A treatment [69,70], with a
slight trend favoring the Short Flex interval (injection schedule of 8 + 2
weeks) [69]. However, two clinical studies in CD patients showed no
significant changes in PSQI [64,71] or ESS [64] scores after BONT-A
treatment, either alone or in combination with tape therapy [71],
indicating no effect on sleep quality or daily sleepiness. Serena et al.
objectively assessed sleep using video-polysomnography with
high-density electroencephalography (vPSG-hdEEG) and actigraphy.
Compared with control subjects (CTL), BONT-A treatment led to a sig-
nificant reduction in arousals and slow wave activity (SWA) during sleep
[72]. These findings suggest that BONT-A could improve sleep quality in
CD patients. A recent prospective study in patients with CD and HFS
reported significant improvements across multiple sleep domains
following BoNT-A treatment, as measured by the PSQI. Notable im-
provements were observed in subjective sleep quality, sleep latency,
sleep duration, sleep disturbances, use of sleep medication, and daytime
dysfunction, whereas habitual sleep efficiency remained unchanged
[731.

Overall, BoNT-A treatment significantly reduced subjective sleep
scales scores, sleep latency, nocturnal awakenings, and SWA power,
while increasing sleep efficiency. However, its impact on sleep quality in
dystonia patients remains poorly understood. Further research with
larger sample sizes and well-designed clinical trails is required to
determine the efficacy of BoNT in addressing sleep disturbances among
patients with dystonia and to investigate the underlying mechanisms of
its effects.

3.1.4. Spasticity

Spasticity is defined as enhanced velocity-dependent stretch reflexes
and is classified within the broader context of deforming spastic paresis,
which includes other forms of muscle overactivity [74]. BoNT-A is
widely recognized as the first-line treatment for spasticity [75]. Sub-
stantial evidence indicates that BoNT-A injections into spastically
overactive muscles effectively reduce passive resistance in affected
joints [76], improve muscle tone in patients with post-stroke upper [77]
or lower [78] limb spasticity, and alleviate hip adductor spasticity in
individuals with multiple sclerosis [74,78]. These effects are accompa-
nied by significant reductions in limb-associated pain [74]. Moreover,
BoNT-A treatment has been shown to ameliorate depressive symptoms
among caregivers [75]. Notably, BoNT-A also significantly alleviates
sleep disturbances comorbid with spasticity (see Table 4).

Binay et al. [75] reported that in children with cerebral palsy (CP),
BoNT-A treatment led to significant improvements in bedtime resis-
tance, sleep anxiety, and daytime sleepiness within the first month. A
retrospective study in post-stroke hemiplegia patients with insomnia
suggested that long-term BoNT therapy positively affected insomnia and
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Table 5
BoNT studies in patients with sialorrhea.

Sleep Medicine Reviews 84 (2025) 102181

Study Design Group Size* BoNT Intervention Control ~ Measure Main results Adverse events
type tool
Susan observational =~ BoNT 26 Botox 25 U into each - SEQ | frequency of snoring, and local tenderness and
et al., submandibular and choking at wk 4 tiredness
2013 parotid gland
[83]
Juan longitudinal OMT 66/ aboBoONT- 5 or 10 U into each OMT SDSC | total SDSC score, especially in pain, mild and
et al., BoNT 68 A submandibular, parotid sleep breathing disorders and transient local
2022 + OMT gland, or a combination of sleep hyperhydrosis inflammation
[84] both

BoNT-A: botulinum toxin A; OMT: oral-motor therapy; PSQIL: Pittsburgh sleep quality index; SEQ: Secondary effects questionnaire; SDSC: the Bruni childhood sleep
disorder scale. *Sample sizes for BONT group/comparison group. |: significant decrease.

upper extremity mitigation, even without motor function recovery [76].
Similarly, Pro Deveci [79] demonstrated that BONT-A administration in
post-stroke hemiplegic patients significantly improved sleep quality, as
reflected by lower PSQI scores.

Collectively, BoONT-A treatment has demonstrated clear benefits in
reducing spasticity and pain intensity, as well as improving physical
function. Additionally, it may alleviate sleep-related symptoms such as
bedtime resistance, sleep anxiety, and daytime sleepiness. However, the
association between improvements in sleep quality and the severity of
spasticity and pain remains unclear. Further studies are needed to clarify
the underlying mechanisms by which BoNT may improve spasticity-
related sleep disturbances.

3.1.5. Sialorrhea

Neurological impairments—including CP, traumatic brain injury,
stroke, and various neurodegenerative disorders—can disrupt the finely
coordinated neuromuscular control of salivation, leading to persistent
sialorrhea due to excessive or uncontrolled saliva production [80]. The
effects of BoNT on salivary gland function have been recognized for
many years [39,81,82]. Clinical studies have demonstrated that BONT-A
treatment significantly reduces salivary secretion and decreases both the
frequency and severity of drooling [80]. In addition, improvements in
sleep quality have also been reported following BoNT-A administration
(see Table 5).

An observational study demonstrated that in pediatric patients with
drooling, treatment with BoNT-A was associated with a reduced fre-
quency of snoring and fewer choking-related issues at 4 weeks post-
injection [83]. Furthermore, a longitudinal study [84] involving chil-
dren with CP and sialorrhea reported that low-dose BoNT-A injections (5
or 10 units), combined with oral motor therapy (OMT) significantly
decreased the total Bruni Childhood Sleep disorder scale (SDSC) score,
with the most pronounced improvements observed in the domains of
sleep-disordered breathing and sleep-related hyperhidrosis.

Table 6
BoNT studies in patients with hemifacial spasm.

It has been hypothesized that increased secretions in the oral cavity
and upper respiratory tract contribute to airway obstruction, thereby
restricting airflow and leading to frequent nocturnal awakenings. This
disruption may initiate a vicious cycle in which sleep fragmentation
exacerbates fatigue, postural abnormalities, and spasticity, all of which
further impair sleep quality [85-87]. In this context, early identification
and timely management of hypersalivation may positively influence
sleep architecture and serve as a adjunctive intervention to alleviate
motor dysfunction in patients with CP. However, evidence supporting
the efficacy of BoNT-A in improving sleep disturbances associated with
sialorrhea remains limited, and further research is warranted to eluci-
date the underlying mechanisms and therapeutic potential in this
context.

3.1.6. Hemifacial spasm

HFS is a neurological disorder characterized by involuntary, parox-
ysmal contractions of the muscles innervated by the facial nerve, with
rare bilateral involvement [88]. The average annual incidence is esti-
mated at 0.78 per 100,000, with a higher prevalence in women than in
men [89]. BoNT-A is typically regarded as the first-line treatment for
HFS and has been shown to significantly reduce spasm severity [22],
decrease the daily duration of HFS [90], alleviate depressive symptoms,
and enhance QoL [91]. However, findings on its effectiveness in
improving sleep quality remain inconsistent (see Table 6).

An observational study reported no significant changes in PSQI
scores following BoNT-A treatment [91]. In contrast, a recent prospec-
tive study involving patients with CD and HFS found that BoNT-A
significantly improved multiple aspects of sleep, as assessed by the
PSQI. Notable improvements were observed in sleep quality, sleep la-
tency, sleep duration, sleep disturbances, use of sleep medication, and
daytime functioning, while habitual sleep efficiency remained un-
changed [73]. Additionally, an RCT comparing 100U of Abo-BoNT-A
with 33.33U of Neu-BoNT-A demonstrated that, after 12 weeks of

Study Design Group  Size* BoNT Intervention Control Measure tool Main results Adverse events

type

Weiss observational =~ BoNT 73 Dysport Dysport 113.9 + 50.3 U - PSQI — PSQI not consider
et al., OL Botox Botox 26.3 +10.4 U
2017 Xeomin Xeomin 31.0 + 12.7 U
[o1]

Haidy prospective BoNT 40 (16 BoNT intramuscular injection - PSQI | PSQI not mentioned
et al., CD, 24
2025 HFS)

[73]

Subsai RCT BoNT 42/45 aboBoNT- neuBoNT-A 33.33 U aboBoNT-A patient- 1 sleep duration eyelid and lip
et al., A (orbicularis oculi and 100U recorded 24 h (0-12 wk) compared  ptosis, drooling,
2025 neuBoNT- orbicularis oris muscles) diaries to Abo group acute migraine
[90] A

BoNT-A: botulinum toxin A; CD: cervical dystonia; HFS: hemifacial spasm; OL: open-label; PSQI: Pittsburgh sleep quality index; RCT: randomized controlled trial.
*Sample sizes for BONT group/comparison group. |: significant decrease; 1: significant increase; —: no significant difference.
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Table 7
BoNT studies in patients with bladder dysfunction.

Sleep Medicine Reviews 84 (2025) 102181

Study Design Group Size* BoNT Intervention Control Measure Main results Adverse events
type tool
Bladder pain syndrome
Antonella et al., observational BoNT 14 Botox 200 U (lateral bladder walls - HAMD — sleep disorders without any
2010 [98] and trigone) subdomain score at 3 mo systemic
side effects
Overactive bladder syndrome
Christopher RCT BONT 277/ Botox 100 U (intradetrusor injections ~ placebo ~ KHQ | sleep/energy subdomain UTI
etal., 2013 placebo 271 with avoidance of the trigone) score
[96]
Victor et al., RCT BOoNT 278/ Botox 100 U (intradetrusor injections  placebo ~ KHQ | sleep/energy subdomain UTI, dysuria,
2013 [97] placebo 272 with avoidance of the trigone) score bacteriuria
and
urinary
retention
Kajetan et al., observational ~ BoNT 22 Botox 100 U throughout the urinary - KHQ | sleep/energy subdomain not mentioned
2018 [99] bladder (anterior, posterior, score, | sleep difficulties
and lateral walls) by and fatigue at 3, 6, 9 mo
intravesical injection after injection
Feven et al., observational ~ BoNT 40 onaBoNT- 10-20 injections - PROMIS- 1 longest sleep not mentioned
2025 [95] A SD interval, time to first

PROMIS-
SRI

awakening, and average
sleep interval; | sleep
disturbance

BoNT-A: botulinum toxin A; HAMD: Hamilton depression rating scale; KHQ: the King’s health questionnaire; PROMIS-SD: Patient-reported outcomes measurement
information system sleep disturbance; PROMIS-SRI: Patient-reported outcomes measurement information system sleep related impairment; RCT: randomized
controlled trial; UTL urinary tract infection. *Sample sizes for BONT group/comparison group. |: significant decrease; 1: significant increase; —: no significant

difference.

treatment, Neu-BoNT-A showed superior efficacy in improving sleep
duration [90].

Overall, BoNT-A not only reduces the severity and duration of HFS
but also alleviates depressive symptoms, enhances subjective sleep
quality, extends sleep duration, improves sleep disturbances, and re-
duces daytime dysfunction. However, the underlying mechanism by
which BoNT alleviates sleep disorders secondary to HFS remains un-
clear. Further research is warranted to explore this potential association
in greater depth.

3.1.7. Bladder dysfunction

BoNT-A has received regulatory approval for the treatment of
neurogenic detrusor overactivity (NDO) and OAB [92]. Recently,
growing evidence has supported its therapeutic potential in other lower
urinary tract symptoms (LUTS), including non-neurogenic LUTS in men
with benign prostatic enlargement (LUTS/BPE), bladder pain syndrome
(BPS), and detrusor sphincter dyssynergia [93]. Studies have shown that
intravesical BoNT-A injections can reduce detrusor contractility, alle-
viate bladder hypersensitivity, relieve pain, and relax hyperactivity of

the bladder neck as well as urethral smooth and striated muscles [94],
thereby helping to reduce both daytime and nighttime urinary fre-
quency [95-98] and improve anxiety, depression [98,99], and overall
QoL [95-97]. However, findings regarding its effects on sleep outcomes
remain inconsistent (see Table 7).

3.1.7.1. Bladder pain syndrome. A single-arm study found that BONT-A
treatment in women with BPS effectively relieved pain and reduced
urinary frequency. Nonetheless, sleep disturbances, as assessed by the
Hamilton depression rating scale (HAMD), remained largely unaffected
[98].

3.1.7.2. Overactive bladder. Two RCTs [96,97] reported that in patients
with OAB and urinary incontinence (UI), BONT-A treatment significantly
improved scores in the sleep/energy subdomain, as assessed by the
King’s health questionnaire (KHQ). An observational study further
demonstrated that BoNT-A significantly improved the longest sleep in-
terval, time to first awakening, and the average sleep interval. Moreover,
it effectively reduced mild to moderate sleep disturbances [95].

Table 8
BoNT studies in patients with restless legs syndrome.
Study Design Group  Size* BoNT Intervention Control ~ Measure Main results Adverse
type tool events
Rotenberg observational BoNT 3 BoNT- 1: 100 U (bilateral tibialis anterior - ESS | ESS no serious
et al., 2006 A muscles) event
[31] 2: 320 U (bilateral gastrocnemius,
quadratus femoris, and lumbar
paraspinal muscles)
3: 70 U (subcutaneous into the
dysesthetic areas)
Pinky et al., single-arm BoNT 8 Botox 25 U per tibialis anterior muscles - ESS — ESS at 4 or 12 weeks none
2011 [102] OL
Shivam et al., RCT BoNT 0-12 wk: Botox 200 U (bilateral anterior tibialis, SL MOS — ESS and MOS sleep none
2018 [103] Cco SL 14/10 biceps femoris, and gastrocnemius ESS scores between groups
12-24 muscles) at 4, 6, 8 wk
wk: 8/13

BoNT-A: botulinum toxin A; CO: crossover; ESS: Epworth sleepiness scale; MOS: Medical outcome study; OL: open-label; RCT: randomized controlled trial; SL: saline.
*Sample sizes for BONT group/comparison group. |: significant decrease; —: no significant difference.
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Table 9

BoNT studies in patients with sleep bruxism.

Sleep Medicine Reviews 84 (2025) 102181

Study Design Group Size* BoNT type Intervention Control Measure Main results Adverse events
tool
Young prospective  BoNT into 1: 10 BoNT-A 1: 25 U into each MM - video- | REM sleep percentage reduced masticatory
et al., 1: MM 2:10 (Korea) 2: 25 U into each MM PSG in MM group; — other force, chewing
2014 2: MM + and 25 U into each TM sleep variables difficulty
[107] ™
William RCT BoNT 13/10 Botox 200 U (60 U into each SL PSQ — PSQI and ESS; total cosmetic smile
etal., OL SL MM and 40 U into ESS sleep time tended to alteration
2018 each TM) improve more in BoNT
[108] group
Young RCT BoNT 15/15 BONT-A 25 U into each MM SL PSG | total sleep time, 1 N1 no significant
etal, SL (Korea) stage percentage and adverse event
2020 arousal index during 12
[32] wk
Samer RCT 1: without 14/14/14 Neuronox 25 U into each MM without PSQI | mean PSQI scores temporary mild
et al., oD oD compared to the other pain, discomfort
2021 2: OD two groups at 3, 6, 9, when wearing the
[110] during and 12 mo OD
sleep
3: BoNT +
oD
Belinda RCT BoNTorSL  0-20 wk: Botox 1: 30 U into each MM SL ESS — ESS between groups weakness, chewing
et al., Cco into 11/12/12 2: 30 U into each MM, at 4 and 12 wk fatigue, bruising
2022 1: MM CO after 15 U into each TM
[109] 2: MM + 20 wk 3: 30 U into each MM,
™ 15 U into each TM, 15
3: MM + U into each MPM
™ +
MPM

BoNT-A: botulinum toxin A; CO: crossover; ESS: Epworth sleepiness scale; MM: masseter muscles; MPM: medial pterygoid muscles; OL: open-label; OD: overdentures;
PSG: polysomnography; PSQI: Pittsburgh sleep quality index; RCT: randomized controlled trial; SL: saline; TM: temporalis muscles. *Sample sizes for BONT group/
comparison group. |: significant decrease; 1: significant increase; —: no significant difference.

Similarly, another observational study found that in patients with
LUTS/OAB, BoNT-A treatment led to improvements in sleep difficulties
and fatigue [99].

Overall, BoNT-A may improve sleep architecture and perception
indirectly by alleviating LUTS such as urgency, frequency, and nocturia,
as well as associated discomfort. However, the mechanisms underlying
its effects on sleep remain unclear. Further research is needed to eluci-
date how BoNT may contribute to sleep improvement.

3.2. Targeting primary sleep disorders: BoNT as a direct therapeutic
strategy

3.2.1. Restless legs syndrome

RLS is characterized by a distressing need to move the legs at rest,
relieved by movement or walking, with symptoms worsening at night
[100]. The estimated overall prevalence in adults is 5-10 % in Europe
and North America [101]. Studies have shown that BoNT therapy re-
duces RLS symptoms and improves QoL [31,102,103], but its impact on
sleepiness and sleep quality is inconsistent (see Table 8).

Pinky et al. found that BONT-A treatment reduced the severity of RLS
symptoms and pain, but did not significantly change ESS scores at 4 or
12 weeks compared to baseline [102]. Similarly, an RCT showed no
marked difference in the ESS or MOS sleep questionnaire between
BoNT-A and placebo groups at every follow-up visit, but found that
BoNT-A treatment had a positive impact on the severity of RLS symp-
toms, pain and QoL [103]. Nevertheless, a case study of 3 patients with
recalcitrant RLS reported a drop in ESS, discontinuation of RLS-related
drugs and improved subjective sleep latency [31].

Overall, convincing evidence supported the efficacy of BoNT-A in
alleviating RLS symptoms, reducing bodily pain, and improving QoL.
Preliminary findings from small-sample studies also suggested that
BoNT-A may reduce excessive daytime sleepiness and sleep latency.
However, robust evidence is still lacking to confirm whether BoNT-A
consistently improves RLS-related daytime sleepiness. Further research
is warranted to better elucidate the therapeutic benefits of BoNT in RLS,

particularly its impact on sleep architecture and daytime functioning.

3.2.2. Sleep bruxism

SB is defined as rhythmic or non-rhythmic masticatory muscle ac-
tivity characterized by teeth grinding and clenching during sleep. The
prevalence of self-reported SB in adults is approximately 12.8 &+ 3.1 %
[104]. Sufficient evidence has indicated that BoNT injections alleviate
bruxism episode frequency, pain severity, electromyographic bursts,
and maximum bite force [105] and reduce the masseter thickness [106].
However, its effects on sleep quality are debatable (see Table 9).

Young et al. [107] conducted a study involving a single BoNT-A in-
jection to either bilateral masseters or both masseter and temporalis
muscles to relieve bruxism. They found a significant decrease in rapid
eye movement (REM) sleep percentage in the masseter group, but no
group differences in other sleep variables [107]. In a subsequent study,
the same team injected BoNT-A into the masseters only and observed
decreased muscle intensity during SB for 12 weeks by PSG evaluation,
decreased total sleep time as well as increased percentage of N1 stage
and arousal index [32]. However, there were no significant interactions
observed between time and group for overall sleep variables [32].
Similarly, William [108] and Belinda [109] reported no significant
changes in subjective sleep scales (PSQIL, ESS) after BONT-A treatment.
Notably, an RCT found that BoNT-A combined with overdentures (OD)
significantly improved sleep quality at 3, 6, 9, and 12 months compared
to OD alone [110].

In summary, small-sample studies suggest that BONT-A combined
with OD can significantly improve sleep quality in patients with SB.
However, studies using BoNT-A alone have not demonstrated consistent
improvements in sleep-related outcomes. Further research is needed to
determine whether BoNT can effectively alleviate sleep disturbances
associated with SB and to elucidate the underlying mechanisms.

3.2.3. Insomnia
Insomnia, a common sleep disorder, is characterized by difficulty in
falling asleep and maintaining sleep, early waking, and difficulty
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Table 10
BoNT studies in patients with insomnia.
Study Design  Group Size* BoNT Intervention Control Measure Main results Adverse
type tool events
Xu et al., RCT BoNT 23/ BoNT-A BoNT-A injection in 1 mg oral estazolam 30 PSQI 1 PSQI; PSG results all not
2017 [33] estazolam 22 bilateral stellate ganglions min before sleep PSG improved at 4 wk mention

BoNT-A: botulinum toxin A; PSQI: Pittsburgh sleep quality index; PSG: polysomnography; RCT: randomized controlled trials; *Sample sizes for BONT group/com-

parison group. |: significant decrease.
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Fig. 2. Proposed mechanisms underlying BoNT-mediated sleep improvement. Arrows denote modulation direction (1: increase; |: decrease). BONT-A enhances
sleep through multimodal pathways: (1) skeletal muscle relaxation via acetylcholine release inhibition and reduced muscle spindle discharge; (2) central neuro-
modulation of monoaminergic neurotransmission and enhanced brain-derived neurotrophic factor (BDNF) expression; (3) vasomotor regulation through vascular
tone modulation (rhythmic contraction/relaxation); (4) neuroendocrine adjustment of melatonin and serotonin pathways; (5) nociceptive signal suppression; and (6)
attenuation of abnormal muscle activity during sleep. Created with BioRender.com.

sleeping without a caregiver. Insomnia affects 1/3 of the adult popula-
tion worldwide [111]. BoNT therapy has been shown to improve sleep
by reducing sleep latency [112], wake time after sleep onset, and REM
latency, while increasing sleep efficiency, total sleep time, and the
proportion of non-REM and REM sleep [33].

After BoNT injections in insomnia patients, sleep improvements were
observed (see Table 10). A study on BoNT injection into the stellate
ganglion to treat insomnia found a significant improvement in the PSQI
scores, with all PSG indices significantly improving compared to the
estazolam group [33].

These findings suggest that BONT-A not only alleviates subjective
sleep complaints but also induces objective improvements in sleep ar-
chitecture. Specifically, BoNT treatment has been associated with re-
ductions in sleep latency, wake time after sleep onset, total wake time,
and REM sleep latency. It also enhances sleep efficiency and increases
total sleep time. In terms of non-REM (NREM) sleep, BoNT-A injection
decreases the proportion of light sleep stages (N1 and N2), while
increasing the duration of deep sleep (N3) and REM sleep, thereby
contributing to overall improvements in sleep quality. However, the
mechanisms by which BoNT improves insomnia remain unclear and
warrant further investigation through well-designed studies.

3.3. Neurological conditions without apparent sleep improvement:
unresolved questions and heterogeneous responses

Clinical studies have also demonstrated that BoNT is effective in the
treatment of a variety of non-motor and autonomic conditions. These
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include hyperhidrosis [113], tremor [114], Tourette syndrome [24],
myogenous temporomandibular disorders [115], and Raynaud’s phe-
nomenon [116]. In these indications, BONT has been shown to signifi-
cantly alleviate core clinical symptoms and improve patient QoL.
However, despite the broadening of BoNT’s therapeutic applications, its
effects on sleep-related outcomes in these conditions have received
limited attention.

4. Proposed mechanisms underlying sleep improvement with
BoNT

BoNT treatment is widely used in the management of neurological
conditions commonly comorbid with sleep disturbances, including NP,
CM, dystonia, spasticity, sialorrhea, HFS, and bladder dysfunction. In
addition, it has been applied to address primary sleep disorders such as
RLS, SB, and insomnia. However, the underlying mechanisms of how
BoNT improves sleep quality in these patients are not fully understood.
Overall, the potential mechanisms by which BoNT treatment may
improve sleep quality include muscle relaxation, modulation of central
nervous system function, regulation of vasomotor tone and hormone
secretion, enhancement of neurological function and mood, inhibition of
pain, and reduction of abnormal muscle activity during sleep (see
Fig. 2).

4.1. Muscle relaxation and reduction of abnormal muscle activity

One possible mechanism of BoNT treatment is the direct effect of
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BoNT on muscle relaxation. When BoNT is injected into the muscles, it
acts by inhibiting the release of acetylcholine, which is responsible for
muscle contraction [17], leading to a relaxation of the injected muscles.
Additionally, BoNT has been found to significantly decrease the
discharge of muscle spindles, which are sensory receptors within the
muscles that detect muscle length and contribute to muscle activity
[117]. By inducing muscle relaxation and reducing abnormal muscle
activity, BoNT treatment can potentially improve sleep quality. This is
particularly relevant to conditions such as SB. The relaxation of muscles
may contribute to improved sleep quality by reducing muscle over-
activity and spasticity.

4.2. Improvement of neurological function and mood

BoNT treatment has been shown to have effects on neurotransmitter
metabolism, neuroplasticity, and social feedback mechanisms—all of
which can indirectly influence sleep quality. One mechanism by which
BoNT improves neurological function is through its effects on neuro-
transmitter metabolism. Facial injection of BoNT has been found to alter
the metabolism of monoaminergic neurotransmitters, such as serotonin,
dopamine, and norepinephrine, in limbic brain regions [118,119].
These neurotransmitters play a crucial role in regulating mood and
emotional processes. By modulating their metabolism, BONT may have a
positive effect on mood and will contribute to good sleep quality.

Furthermore, facial injection of BONT can enhance the expression of
brain-derived neurotrophic factor (BDNF) in limbic brain regions [118,
119]. This may inhibit the hyperexcitability of neurons and regulate the
function of the cortico-striatal-thalamic-cortical circuits [120]. By
increasing BDNF levels, BoNT may facilitate neuroplastic changes in the
brain [121], leading to improved neurological function and mood.

In addition to its direct effects on neurotransmitters and neuro-
plasticity, BoNT treatment may also improve mood through social
feedback mechanisms [122]. Studies have suggested that the cosmetic
changes associated with BoNT treatment, such as improved body image,
self-esteem, and social interactions, can have a positive impact on mood
[122]. These placebo effects, along with the actual improvements in
neurological function, may contribute to the antidepressant effect of
BoNT and ultimately improve sleep quality.

4.3. Adjustment of autonomic nerve and immune systems

BoNT plays a crucial role in regulating the sympathetic and para-
sympathetic nerves, ensuring the stability of the internal environment,
and improving the function of the autonomic, immune, and endocrine
systems, ultimately leading to an improvement in sleep quality. The
autonomic nervous system is essential for regulating various bodily
functions, including sleep. BoNT has been found to actively regulate the
autonomic nervous system, helping to maintain the stability of the in-
ternal environment and improve its function. By modulating the sym-
pathetic and parasympathetic nerves, BoONT treatment may contribute to
the improvement of sleep quality [123,124]. Additionally, BoNT has
been shown to have effects on the immune system [125], such as
regulating immune responses and modulating the release of inflamma-
tory mediators [126]. Sleep is closely linked to immune function, and
disruptions in immune regulation can lead to sleep disturbances. By
adjusting the immune system, BoNT treatment may help restore normal
immune function and improve sleep quality.

4.4. Regulation of vasomotion and hormone secretion

BoNT may modulate vasomotion and hormone secretion, which can
impact sleep quality. BoNT has been shown to regulate vasomotion,
rhythmic contraction, and relaxation of blood vessels, which holds the
potential to improve sleep quality. Studies have demonstrated that BONT
treatment, such as stellate ganglion block, can reduce hot flashes and
improve sleep quality in breast cancer survivors [127]. This suggests
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that BoNT may play a role in regulating the balance of vasomotor
function and the actions of the hypothalamus, leading to improved sleep
quality.

Furthermore, BoNT has been shown to affect hormone secretion,
potentially through its modulation of autonomic tone, which can
directly impact sleep regulation. Increased sympathetic nerve tone has
been shown to promote melatonin biosynthesis in the short term.
However, continued synthesis may deplete pinealocytes and reduce
melatonin synthesis. Additionally, increased sympathetic nerve tone
may desensitize adrenergic receptors on pinealocytes, leading to a sus-
tained reduction in plasma melatonin levels and poor sleep [128].
Therefore, by potentially reducing excessive sympathetic drive, BONT’s
ability to modulate hormone secretion may contribute to its positive
effects on sleep quality.

4.5. Inhibition of pain

Another possible mechanism in BoNT treatment for sleep is the in-
hibition of pain. Chronic pain conditions, such as NP and CM, are often
associated with sleep disorders. BoNT injections have been shown to
effectively relieve pain in conditions such as NP, CM, dystonia, spas-
ticity, BPS, RLS, and SB, which can subsequently lead to improvements
in sleep quality. BoNT has been found to inhibit the secretion of pain
mediators, such as substance P, glutamate, and CGRP, from nerve end-
ings and dorsal root ganglia. The inhibition of pain mediators reduces
local inflammation around the nerve endings and deactivates the so-
dium channel, resulting in a reduction of pain [36]. By reducing pain,
BoNT treatment may indirectly improve sleep quality in individuals with
pain-related sleep disturbances. Moreover, abnormal sensory messages
associated with NP can stimulate the cortex and promote the excitation
of neurons in the limbic areas that are related to anxiety, depression, and
sleep problems [129]. BoNT treatment has been shown to alleviate pain
in these conditions, which can lead to improvements in sleep and mood.
The relief of pain after BoNT treatment may contribute to better sleep
quality and overall well-being.

5. Strengths and limitations

Despite the potential benefits of BoNT treatment in improving sleep
quality, there are several limitations that need to be addressed. The first
limitation is the lack of standardized protocols for BONT treatments in
sleep disorders. Different studies have used varying doses, injection
sites, and treatment durations, making it difficult to compare results and
establish optimal treatment guidelines. Second, the specific effects of
BoNT on different sleep disorders may vary. While some studies have
demonstrated positive effects of BONT in primary sleep disorders such as
RLS, SB, and insomnia, its efficacy in other conditions, including OSA
and PLMS, remains unclear. Third, the heterogeneity of included studies
precluded formal quality appraisal using standardized tools, though
methodological rigor was evaluated during screening. Other limitations
include limited sample sizes, limited understanding of underlying
mechanisms, uncertainty regarding long-term effects, safety concerns,
limited generalizability, and cost-effectiveness. Further research is
needed to establish standardized protocols for BoNT treatment in sleep
disorders, to determine the long-term effects of treatment, and clarify
the specific effects of BoNT on different sleep disorders. Safety consid-
erations and cost-effectiveness should also be evaluated. Additionally,
studies should aim to include a broader range of patient populations to
enhance generalizability.

6. Conclusion

BoNT treatments have emerged as a promising therapeutic option for
improving sleep quality in various neurological conditions such as NP,
CM, dystonia, spasticity, sialorrhea, HFS, and bladder dysfunction. In
addition, BoNT also shows potential for improving both sleep quality
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Practice points

1) Improved sleep experience: BoNT has shown considerable promise in improving sleep quality and sleep architecture in individuals with
neurological disorders comorbid with sleep disturbances, such as NP, CM, dystonia, spasticity, sialorrhea, HFS, and bladder dysfunction, as
well as in those with primary sleep disorders, including RLS, SB, and insomnia.

2) Broad symptom relief: BONT may offer benefits in alleviating a broad spectrum of symptoms associated with neurological disorders comorbid
with sleep disturbances, such as NP, CM, dystonia, spasticity, sialorrhea, HFS, and bladder dysfunction, as well as primary sleep disorders,
including RLS, SB, and insomnia. These benefits include improvements in depression, anxiety, fatigue, and overall QoL.

3) Multifaceted therapeutic effect: The effectiveness of BoNT in treating sleep disorders is evident across both central and peripheral mecha-
nisms, highlighting its ability to influence multiple aspects of the condition’s root causes.

Research agenda

to reveal the full scope of BoNT’s integrative mechanisms.

1) Well-designed studies—incorporating objective evaluation methods, appropriate selection of injection sites and appropriate dosage—are
needed to directly compare the clinical effects of BoNT treatment observed in patients with primary sleep disorders;

2) Discovering the mechanisms of action: Delving into the diverse mechanisms by which BoNT therapy affects the regulation of sleep can lead to
a more profound understanding of its overall efficacy. A systematic examination of the interactions between these various pathways will help

and sleep architecture in primary sleep disorders such as RLS, SB, and
insomnia. The mechanisms underlying these effects may involve the
regulation of vasomotion, hormone secretion, neurological function,
mood, and pain inhibition. Despite the limitations in our current
knowledge regarding the therapeutic mechanisms of BoNT for sleep
disorders, BoNT treatments offer a potential avenue for improving sleep
quality in patients with various conditions. It promises a therapeutic
option that not only addresses the primary symptoms of these diseases
but also mitigates concomitant symptoms, such as anxiety, depression,
and sleep disorders. Continued research and larger-scale clinical studies
are necessary to further validate the efficacy and safety of BoNT treat-
ment for sleep disorders, which would ultimately provide new oppor-
tunities for the management of these conditions.
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