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Amyotrophic lateral sclerosis (ALS) is a progressive and fatal neurodegenerative disease frequently 
accompanied by sleep disorders. Conventional insomnia interventions are often unsuitable for ALS 
patients due to cognitive and respiratory impairments. There is a lack of targeted studies addressing 
sleep-related issues using multifactorial analyses specific to this group. This cross-sectional study 
included 266 ALS patients at the Motor Neuron Disease Rehabilitation and Treatment Center 
of Hubei Provincial Hospital of Traditional Chinese Medicine. Participants were evaluated using 
tools like the Pittsburgh Sleep Quality Index (PSQI) and ALS Functional Rating Scale-Revised 
(ALSFRS-R). Regression models identified factors affecting sleep disorders and quality. Patients with 
sleep disorders were more likely to have non-motor symptoms like anxiety, depression, pain, and 
excessive daytime sleepiness compared to those without. Fatigue severity and anxiety levels were 
identified as independent influencing factors of sleep disorders. Additionally, fatigue, anxiety, pain 
intensity, and disease progression rate were significantly linked to sleep quality. This study is the first 
comprehensive analysis of sleep-related factors in Chinese ALS patients, highlighting the crucial roles 
of fatigue, anxiety, pain, and disease progression rate. It provides a basis for future personalized, non-
pharmacological interventions tailored to the specific needs of ALS patients.

Keywords  Sleep disorders, Amyotrophic lateral sclerosis, ALS, Influencing factors, Correlation

Amyotrophic lateral sclerosis (ALS) is a rare and fatal neurodegenerative disease primarily characterized 
by progressive muscle atrophy, motor dysfunction, and a variety of non-motor symptoms. The pathological 
hallmark of ALS is the selective degeneration of both upper and lower motor neurons, which ultimately leads 
to death, most commonly as a result of respiratory failure.1–3. Despite significant advances in understanding 
its pathogenesis in recent years, no curative treatment is currently available. Current therapeutic strategies are 
primarily supportive, focusing on symptom management to alleviate discomfort, slow disease progression, and 
improve patients’ quality of life2.

Sleep disorders represent some of the most prevalent non-motor symptoms associated with ALS, occurring 
at significantly higher rates than in the general population4. Research indicates that approximately 63% of 
individuals with ALS experience sleep disorders, in contrast to 37% of healthy controls5. These disturbances not 
only impair subjective well-being and quality of life but may also accelerate disease progression and complicate 
comprehensive disease management. A study by Li et al. found that patients with poor sleep quality exhibited 
more rapid respiratory decline at the time of diagnosis6. Consequently, the early identification and management 
of sleep disorders may contribute to decelerating ALS progression and enhancing patients’ quality of life.

In the general population, the primary treatments for insomnia include cognitive behavioral therapy for 
insomnia (CBT-I) and pharmacological interventions. CBT-I enhances sleep quality by modifying maladaptive 
sleep behaviors and alleviating anxiety. Common pharmacological options include benzodiazepines, non-
benzodiazepine hypnotics, and certain antidepressants7. However, in patients with amyotrophic lateral sclerosis 
(ALS), early sleep disturbances may aggravate cognitive impairment8,9. Nocturnal intermittent hypoxia can 
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induce oxidative stress, which impairs synaptic plasticity in the hippocampus and consequently disrupts memory 
consolidation, attention, and executive functioning. Moreover, sleep fragmentation and nocturnal hypercapnia 
further impair memory performance, accelerate cognitive decline, and contribute to excessive daytime 
sleepiness, reduced attention span, and slower information processing. These cognitive deficits significantly 
compromise daily functioning and present substantial challenges to the effective implementation of CBT-I10. In 
addition, progressive respiratory muscle atrophy in ALS leads to ventilatory insufficiency, which increases the 
risk of sedative-induced respiratory depression and may ultimately precipitate or exacerbate respiratory failure. 
Therefore, conventional insomnia treatments are often unsuitable for widespread application in this patient 
population.

Therefore, a comprehensive investigation of the factors contributing to sleep disorders in patients with ALS 
is crucial for informing the development of safe and feasible individualized intervention strategies. This study 
aimed to identify the key determinants of sleep quality in individuals with ALS, thereby providing a theoretical 
basis and strategic guidance for the future development of non-pharmacological interventions tailored to the 
context of respiratory and communication impairments.

Method
The study protocol was reviewed and approved by the Ethics Committee of Hubei Provincial Hospital of 
Traditional Chinese Medicine (Ethics approval number: HBZY2024-C38-01). All methods were performed in 
accordance with relevant guidelines and regulations. Informed consent was obtained from all participants or 
their legal guardians. The study was conducted in full compliance with the principles outlined in the Declaration 
of Helsinki.

Study participants
Inclusion criteria
Between January 2022 and January 2025, a cohort of consecutive patients diagnosed with ALS and receiving 
treatment at the Motor Neuron Disease Rehabilitation and Treatment Center of Hubei Provincial Hospital of 
Traditional Chinese Medicine were enrolled in the study. The inclusion criteria were as follows: (1) a confirmed 
diagnosis of ALS in accordance with the 2020 International Gold Coast Criteria; (2) clinical staging between 
stages 1 and 3 as per the London criteria, with no prior history of gastrostomy, continuous 24-h non-invasive 
ventilation (NIV), or tracheostomy; (3) voluntary participation with the provision of signed informed consent.

Exclusion criteria
(1) A history of severe sleep disorders; (2) Coexisting severe chronic respiratory or cardiac diseases; (3) 
Use of psychoactive medications within the past six weeks; (4) Cognitive impairments preventing accurate 
comprehension of questionnaire items.

General data assessment
Demographic data included age, sex, smoking history, alcohol consumption, site of disease onset, disease 
duration, years of education (high school or below, junior college, university or above), marital status (married, 
divorced, or single), employment status (full-time employed or retired), and monthly household income (5000 
RMB or  ≥ 5000 RMB).

Clinical data assessment
All scale-based assessments were conducted by trained physicians from the Motor Neuron Disease Rehabilitation 
and Treatment Center at Hubei Provincial Hospital of Traditional Chinese Medicine. Disease progression rate 
was calculated as:[(48 − baseline ALSFRS-R score)/48 × 100%]11.

Sleep disorders assessment: Sleep disorders were assessed using the Pittsburgh Sleep Quality Index (PSQI), 
which provides a comprehensive evaluation of sleep quality in ALS patients. The PSQI is a self-reported 
questionnaire that evaluates sleep over the past month across seven domains: subjective sleep quality, sleep 
latency, sleep duration, sleep efficiency, sleep disorder, use of sleep medication, and daytime dysfunction . It 
consists of 19 self-rated items, each domain scored from 0 to 3, for a total score ranging from 0 to 21. This 
standardized tool has demonstrated adequate validity and reliability in various populations, including ALS 
patients, and can be used for longitudinal assessment of sleep quality12,13. A total score greater than 5 indicates 
poor sleep quality.

Disease severity assessment: Disease severity was assessed using the revised ALS Functional Rating Scale 
(ALSFRS-R), which evaluates physical function and disease progression in ALS patients14,15. This instrument 
includes 12 items covering bulbar function, limb mobility, respiratory function, and activities of daily living. 
Each item is scored based on functional performance, with total scores ranging from 0 to 48; higher scores 
indicate better physical function and daily living ability.

Daytime sleepiness assessment: Daytime sleepiness was assessed using the Epworth Sleepiness Scale (ESS), 
a widely used instrument to evaluate excessive daytime sleepiness in ALS patients16. The ESS consists of eight 
items, each scored from 0 to 3, with a total score ranging from 0 to 24. A total ESS score ≥ 10 suggests significant 
daytime sleepiness, while a score ≥ 15 indicates severe somnolence.

Fatigue condition assessment: Fatigue was evaluated using the Fatigue Severity Scale (FSS)17, which includes 
nine items rated on a 7-point Likert scale (1 = strongly disagree; 7 = strongly agree), with total scores ranging 
from 9 to 63. Scores ≥ 36 indicate clinically significant fatigue requiring intervention.

Anxiety and depression assessment: Anxiety and depression are critical factors affecting the quality of life 
in ALS patients18,19. Therefore, anxiety and depressive symptoms were evaluated using the Hamilton Anxiety 
Rating Scale (HARS) and the Hamilton Depression Rating Scale (HDRS)18,19. The HARS comprises 14 items, 
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each scored from 0 to 4; a total score > 7 indicates the presence of anxiety symptoms. The HDRS includes 17 
items, each scored from 0 to 4, with a total score > 7 suggesting depressive symptoms.

Pain assessment: Pain intensity over the past 30 days was evaluated using the Visual Analog Scale (VAS)20. 
The VAS is a self-reported tool in which respondents are presented with a numeric rating scale and asked to 
indicate their pain level on a continuum from 0 to 10, where 0 represents no pain and 10 represents the worst 
imaginable pain. A VAS score of ≥ 4 was considered indicative of moderate to severe pain, while a score < 4 
indicated mild pain.

Data analysis
All statistical analyses were performed using R software (version 4.3.3). The Kolmogorov–Smirnov test was 
employed to assess the normality of baseline characteristics and clinical variables. Continuous variables that 
followed a normal distribution were described using the mean and standard deviation (SD). Non-normally 
distributed continuous variables were reported as medians and interquartile ranges (IQRs). Categorical variables 
were presented as frequencies and percentages. The independent samples t-test was used to compare continuous 
variables with normal distribution between two groups; the Mann–Whitney U test was used for non-normally 
distributed continuous variables; the chi-square test was used to analyze differences between categorical variables 
in the two groups.

To investigate factors associated with sleep disorders, the presence of sleep disorders was treated as a 
binary outcome variable. Univariate logistic regression was performed to estimate odds ratios (ORs) and 
corresponding 95% confidence intervals (CIs). Variables with a P-value < 0.05 in univariate analysis were entered 
into a multivariate logistic regression model to identify independent risk factors. Model fit was assessed, and 
multicollinearity was examined using the variance inflation factor (VIF).

Subsequently, to further investigate factors influencing sleep quality, the total score of the Pittsburgh 
Sleep Quality Index (PSQI) was used as a continuous outcome variable. Univariate linear regression was first 
conducted, and variables with a P-value< 0.05 were included in a multivariable stepwise linear regression model. 
The model was tested for assumptions including linearity, independence of residuals, homoscedasticity, and 
normality to ensure analytical rigor. A two-tailed P-value< 0.05 was considered statistically significant.

Result
Baseline data characteristics
A total of 266 patients with ALS were enrolled in this study, of whom 163 were male and 103 were female, with a 
mean age of 54 years and a mean disease duration of 17.44 months. Among them, 176 patients (66.16%) reported 
sleep disorders, including 103 males (58.52%) and 73 females (41.48%). No significant differences were observed 
between ALS patients with and without sleep disorders in terms of ALSFRS-R Bulbar (ALSFRS-RB), ESS, FVC, 
disease duration, education level, caregiver status, working status, region of onset, smoking history, drinking 
history, or sex (P > 0.05) (refer to Table 1).

However, compared to ALS patients without sleep disorders, those with sleep disorders demonstrated 
lower scores on the on the ALSFRS-R Limb (ALSFRS-RL), ALSFRS-R Respiratory (ALSFRS-RR), and overall 
ALSFRS-R, while exhibiting higher scores on the FSS, VAS, HARS, and HDRS scores. Additionally, patients with 
sleep disorders exhibited more rapid disease progression and were of an older age (refer to Table 2).

Logistic regression analysis of sleep disorders in patients with ALS
Using the presence of sleep disorders (PSQI> 5) as the dependent variable, this study included variables such as 
the FSS, VAS, HARS, HDRS, ALSFRS-RL, ALSFRS-RR, Age and disease progression rate in univariate binary 
logistic regression analyses, with univariate binary logistic regression results detailed in Supplementary Table 1. 
Variables that achieved a significance level of P < 0.05 in the univariate analyses were subsequently included in a 
multivariate logistic regression model. Predictor variables were selected using a bidirectional stepwise regression 
method. The findings revealed that anxiety levels (as measured by the HARS score) and fatigue severity (as 
measured by the FSS score) were independent risk factors for sleep disorders in patients with ALS (refer to 
Table 3).

Linear regression analysis of sleep quality
Utilizing the total PSQI score as a continuous dependent variable, further univariate linear regression analyses 
were conducted to explore potential clinical correlates of sleep quality. The variables included ALSFRS-RB, ESS 
score, disease duration and FVC in addition to the previously described factors. Detailed results of the univariate 
regression are presented in Supplementary Table 2. Variables with P-values < 0.05 in the univariate analysis were 
entered into a multivariate stepwise linear regression model. The results indicated that FSS score, VAS score, 
HARS score and disease progression rate were the primary factors influencing sleep quality in patients with ALS, 
as presented in Table 4. Collinearity analysis indicated that all VIFs were below 10, as shown in Supplementary 
Table 3.

Discussion
This study aimed to investigate factors associated with sleep disorders in patients with ALS. The results revealed 
that, compared with patients without sleep disorders, those with such issues were more likely to exhibit non-
motor symptoms such as anxiety, depression, pain, and excessive daytime sleepiness. Multivariate logistic and 
linear regression analyses identified fatigue severity and anxiety levels as independent predictors of both the 
presence of sleep disorders and overall sleep quality in patients with ALS. Additionally, linear regression analysis 
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demonstrated that pain intensity and disease progression rate were significantly associated with the severity of 
sleep disturbances.

Anxiety may influence sleep in ALS patients through multiple biological and psychological mechanisms. 
First, the progressive and incurable nature of ALS may induce persistent anxiety, which in turn activates the 
brain’s fear and salience networks21, leading to hyperarousal, difficulty relaxing, and impaired sleep initiation22. 
Second, anxiety may alter the levels of several neurotransmitters involved in sleep regulation, including 
adenosine, gamma-aminobutyric acid, dopamine, and serotonin, thereby disrupting sleep architecture23. 
Furthermore, anxiety may elevate cortisol levels and activate the hypothalamic–pituitary–adrenal axis, which 
disturbs circadian rhythm and impairs the initiation and maintenance of deep sleep24,25.

Fatigue is a prevalent symptom among patients with ALS and is significantly associated with sleep disorders. 
In ALS, fatigue can be categorized into physical and mental components. Physically, fatigue primarily results 
from muscle weakness and increased energy expenditure due to the degeneration of motor neurons, manifesting 
as progressive muscular decline that severely restricts daily functioning.. Impaired motor abilities often hinder 
patients from adjusting their posture or finding a comfortable sleeping position, leading to persistent physical 
discomfort that markedly compromises sleep quality.26. Mentally, fatigue arises from increased cognitive load 
and emotional stress, which may disrupt central nervous system function, diminish the occurrence of deep sleep 
stages, and further exacerbate sleep impairment27,28.

Variables Total (n = 266) ALS patients without sleep disorder (n = 90)
ALS patients with sleep disorder
(n = 176) Statistic P

Age, M (Q₁, Q₃) 54.00 (47.00, 60.00) 50.00 (43.25, 57.75) 55.00 (49.00, 61.00) Z = -2.95 0.003

Education level, n (%) χ2 = 0.40 0.818

 High school and below 146 (54.89) 47 (52.22) 99 (56.25)

 Junior college 51 (19.17) 18 (20.00) 33 (18.75)

 University and above 69 (25.94) 25 (27.78) 44 (25.00)

Working status, n (%) χ2 = 3.73 0.155

 Full-time work 107 (40.23) 42 (46.67) 65 (36.93)

 Jobless 98 (36.84) 33 (36.67) 65 (36.93)

 Retire 61 (22.93) 15 (16.67) 46 (26.14)

Marital status, n (%) – 1.000

 Divorce 3 (1.13) 1 (1.11) 2 (1.14)

 Married 260 (97.74) 88 (97.78) 172 (97.73)

 Single 3 (1.13) 1 (1.11) 2 (1.14)

Income, n (%) χ2 = 2.40 0.493

  <3000 39 (14.66) 9 (10.00) 30 (17.05)

  > 10,000 99 (37.22) 35 (38.89) 64 (36.36)

 3000–4999 43 (16.17) 15 (16.67) 28 (15.91)

 5000–10,000 85 (31.95) 31 (34.44) 54 (30.68)

Caregiver, n (%) χ2 = 0.70 0.404

 Self-care 46 (17.29) 18 (20.00) 28 (15.91)

 Taking care of others 220 (82.71) 72 (80.00) 148 (84.09)

Region of onset, n (%) χ2 = 0.00 0.963

 Bulbar 41 (15.41) 14 (15.56) 27 (15.34)

 Limb 225 (84.59) 76 (84.44) 149 (84.66)

Smoking history, n (%) χ2 = 0.19 0.660

 0 182 (68.42) 60 (66.67) 122 (69.32)

 1 84 (31.58) 30 (33.33) 54 (30.68)

Drinking history, n (%) χ2 = 0.27 0.604

 0 177 (66.54) 58 (64.44) 119 (67.61)

 1 89 (33.46) 32 (35.56) 57 (32.39)

Sexuality, n (%) χ2 = 1.66 0.197

 Female 103 (38.72) 30 (33.33) 73 (41.48)

 Male 163 (61.28) 60 (66.67) 103 (58.52)

Table 1.  Comparison of general data between the two groups of ALS patients. t: t-test, Z: Mann–Whitney 
test, χ2: Chi-square test, –: Fisher exact. SD: standard deviation, M: Median, Q₁: 1st Quartile, Q₃: 3st Quartile. 
The Student’s t-test (with Mann–Whitney U test when necessary) was used to compare continuous variables 
and the chi-squared test was used to analyze categorical variables. The meaning of the bold values represented 
statistically significant values in the statistical analysis. The meaning of the bold values represented statistically 
significant values in the statistical analysis.
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Higher VAS scores indicate poorer sleep quality in ALS patients. ALS patients often experience muscle spasms, 
positional discomfort, and chronic pain, primarily arising from muscle cramps or prolonged static posture, 
especially in skeletal and joint regions. As the disease progresses, muscle atrophy renders these areas more 
susceptible to compression, thereby inducing persistent pain29, Muscle cramps in amyotrophic lateral sclerosis 
(ALS) are primarily attributed to the involvement of upper motor neurons (UMNs), which represents a hallmark 
pathological feature of the disease30. Dysfunction of UMNs results in heightened tendon reflexes and increased 

Variables β S.E Z P OR (95%CI)

FSS 0.03 0.01 2.27 0.023 1.03 (1.01 ~ 1.05)

VAS

HARS 0.12 0.03 4.81  < 0.001 1.13 (1.08 ~ 1.19)

HDRS

ALSFRS-RL

ALSFRS-RR − 0.15 0.09 − 1.76 0.078 0.86 (0.72 ~ 1.02)

Age 0.02 0.01 1.56 0.119 1.02 (0.99 ~ 1.05)

Progression rate 0.18 0.12 1.53 0.126 1.20 (0.95 ~ 1.52)

Table3.  Multivariate binary logistic regression analysis of factors associated with sleep disorders. FSS, Fatigue 
Severity Scale;VAS,Visual Analog Scale;Amyotrophic Lateral Sclerosis Functional Rating Scale-revised 
Respiratory Function; HARS, Hamilton Anxiety Rating Scale; HDRS, Hamilton Depression Rating Scale; 
ALSFRS-RL, Amyotrophic Lateral Sclerosis Functional Rating Scale-revised limbs; ALSFRS-RR,Amyotrophic 
Lateral Sclerosis Functional Rating Scale-revised Respiratory Function; OR, odds ratio. The binary logistic 
stepwise regression analysis (Two-way stepwise method) was used. The meaning of the bold values represented 
statistically significant values in the statistical analysis.

 

Variables Total (n = 266) ALS patients without sleep disorder (n = 90) ALS patients with sleep disorder (n = 176) Statistic P

FSS, mean ± SD 33.36 ± 14.12 27.80 ± 13.72 36.21 ± 13.49 t = − 4.78  < .001

VAS, mean ± SD 1.95 ± 1.54 1.66 ± 1.30 2.10 ± 1.63 t = − 2.43 0.016

HARS, mean ± SD 11.96 ± 7.86 7.51 ± 4.83 14.24 ± 8.15 t = − 8.43  < .001

HDRS, mean ± SD 11.83 ± 7.27 8.91 ± 4.67 13.33 ± 7.89 t = − 5.72  < .001

ESS, mean ± SD 3.22 ± 1.73 3.07 ± 1.73 3.30 ± 1.73 t = − 1.05 0.297

ALSFRS-RB, mean ± SD 10.06 ± 2.39 10.46 ± 2.25 9.85 ± 2.45 t = 1.96 0.052

ALSFRS-RL, mean ± SD 14.74 ± 5.88 16.02 ± 5.34 14.09 ± 6.04 t = 2.57 0.011

ALSFRS-RR, mean ± SD 10.86 ± 2.11 11.43 ± 1.51 10.57 ± 2.31 t = 3.64  < .001

ALSFRS-R, mean ± SD 35.66 ± 8.50 37.91 ± 7.26 34.51 ± 8.87 t = 3.35  < .001

Disease progression rate, Mean ± SD 1.71 ± 1.83 1.34 ± 1.27 1.90 ± 2.03 t = − 2.40 0.017

Disease duration, mean ± SD 17.44 ± 8.34 17.58 ± 7.92 17.37 ± 8.57 t = 0.20 0.842

FVC, M (Q₁, Q₃) 76.76 (63.80, 90.50) 74.81 (62.31, 89.70) 79.08 (69.56, 92.31) Z = − 1.64 0.100

Age at onset, M (Q₁, Q₃) 52.36 (44.99, 59.01) 48.57 (42.48, 56.27) 53.54 (47.06, 59.42) Z = − 2.91 0.004

Site of onset, n(%) χ2 = 0.00 0.963

 Bulbar 41 (15.41) 14 (15.56) 27 (15.34)

 Limb 225 (84.59) 76 (84.44) 149 (84.66)

EI escorial classification n(%) – 0.102

 1 4 (1.50) 2 (2.22) 2 (1.14)

 2 31 (11.65) 15 (16.67) 16 (9.09)

 3 231 (86.84) 73 (81.11) 158 (89.77)

Table 2.  Comparison of baseline clinical characteristics between the two groups of ALS patients. t: t-test, Z: 
Mann–Whitney test, χ2: Chi-square test, –: Fisher exact. SD: standard deviation, M: Median, Q₁: 1st Quartile, 
Q₃: 3st Quartile. FSS,Fatigue Severity Scale; VAS,Visual Analog Scale; HARS, Hamilton Anxiety Rating 
Scale; HDRS, Hamilton Depression Rating Scale; ESS,Epworth Sleepiness Scale;ALSFRS-RB,Amyotrophic 
Lateral Sclerosis Functional Rating Scale-revised Bulbar Function;ALSFRS-RL, Amyotrophic Lateral Sclerosis 
Functional Rating Scale-revised limbs; ALSFRS-RR,Amyotrophic Lateral Sclerosis Functional Rating 
Scale-revised Respiratory Function; ALSFRS-R, Amyotrophic Lateral Sclerosis Functional Rating Scale-
revised;FVC,Forced Lung Function; The Student’s t-test (with Mann–Whitney U test when necessary) was 
used to compare continuous variables and the chi-squared test was used to analyze categorical variables. The 
meaning of the bold values represented statistically significant values in the statistical analysis.The meaning of 
the bold values represented statistically significant values in the statistical analysis.
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muscle tone, making patients more susceptible to nocturnal cramps. These sustained or intermittent muscle 
contractions intensify local tissue ischemia and metabolic stress, which in turn sensitize nociceptors and elicit 
spastic pain31,32. Such pain is often accompanied by soft tissue traction discomfort and severely disrupts sleep 
continuity. Clinically, this is manifested by prolonged sleep latency, frequent nighttime awakenings, decreased 
sleep efficiency, and fragmented sleep architecture. These nocturnal disturbances greatly impair daytime 
alertness and contribute to excessive daytime sleepiness, reduced attention, and executive dysfunction33–36. A 
deeper understanding of the multifaceted nature of pain and its impact on sleep can inform more effective 
intervention strategies, thereby improving the quality of life for ALS patients.

Disease progression rate in ALS is negatively correlated with sleep quality. Patients experiencing more rapid 
disease progression are more susceptible to severe sleep disturbances.. Accelerated progression leads to greater 
diaphragmatic and intercostal muscle weakness, which increases both the incidence and severity of nocturnal 
hypoventilation and sleep-related breathing disorders, thereby substantially reducing overall sleep efficiency 
and quality34,35. In addition, faster disease progression has been associated with more severe hypothalamic 
dysfunction., The hypothalamus, a critical regulator of the sleep–wake cycle, has been shown to undergo both 
atrophy and pathological alterations in ALS36,37. During periods of rapid disease progression, neurotoxic protein 
accumulation may accelerate structural and functional damage in the hypothalamus, further impairing its 
regulatory role in sleep and contributing to continued deterioration in sleep quality38.

In addition to the factors identified in this study, emerging evidence indicates that dysfunction of the 
autonomic nervous system and dysregulation of the endocannabinoid system (ECS) may constitute key 
mechanisms underlying sleep disturbances in patients with ALS39. Although ALS has traditionally been regarded 
as a disease that primarily affects motor neurons, growing evidence now supports the significant involvement 
of sensory and autonomic pathways40. In particular, an imbalance between sympathetic and parasympathetic 
activity has been frequently observed. Studies have shown that even during the early stages of ALS, patients 
may exhibit impaired cardiovascular autonomic regulation, including elevated resting heart rate, reduced heart 
rate variability (HRV), and attenuated baroreceptor reflexes. Such autonomic dysfunction can directly disrupt 
the sleep–wake cycle. Compared with healthy individuals, ALS patients demonstrate markedly lower nocturnal 
HRV and significant disruptions in sleep architecture, including reduced total sleep time, decreased sleep 
efficiency, increased frequency of nighttime awakenings, a lower proportion of deep sleep, and shortened REM 
sleep duration41,42. These findings underscore a strong link between autonomic dysregulation and impaired 
sleep quality in ALS43.

Moreover, the ECS plays a critical role in regulating sleep–wake homeostasis. Through its endogenous ligands, 
the ECS modulates the balance between sleep and arousal within the central nervous system. Several studies 
suggest that the ECS is essential for maintaining a stable circadian rhythm and normal sleep structure44,45. For 
example, deletion of cannabinoid receptor type 1 (CB1) leads to significant reductions in slow-wave sleep and 
prolonged periods of wakefulness, emphasizing its functional relevance. Additionally, the ECS interacts with 
the hypothalamic–melatonin axis and circadian clock genes to coordinate physiological sleep rhythms46. Under 
pathological conditions, ECS dysfunction may exacerbate sleep fragmentation and insomnia. Furthermore, by 
promoting neuroinflammation and metabolic dysregulation, impaired ECS signaling may aggravate the overall 
clinical burden in patients with ALS39.

This study has several notable strengths. First, a total of 266 patients with ALS treated at the Motor Neuron 
Disease Center of Hubei Provincial Hospital of Traditional Chinese Medicine were recruited. Given the rarity 

Variables β S.E t P β (95%CI)

FSS 0.06 0.02 3.44  < 0.001 0.06 (0.02 ~ 0.09)

VAS 0.38 0.14 2.67 0.008 0.38 (0.10 ~ 0.66)

HARS 0.21 0.03 6.95  < 0.001 0.21 (0.15 ~ 0.26)

HDRS

ESS

ALSFRS-RB

ALSFRS-RL

ALSFRS-RR

Age 0.03 0.02 1.53 0.128 0.03 (-0.01 ~ 0.08)

Progression rate 0.31 0.12 2.63 0.009 0.31 (0.08 ~ 0.55)

Disease duration

FVC

Table 4.  Factors related to sleep quality in multiple linear regression analysis. FSS, Fatigue Severity 
Scale;VAS,Visual Analog Scale;Amyotrophic Lateral Sclerosis Functional Rating Scale-revised Respiratory 
Function; HARS, Hamilton Anxiety Rating Scale; HDRS, Hamilton Depression Rating Scale; ESS,Epworth 
Sleepiness Scale;ALSFRS-RB,Amyotrophic Lateral Sclerosis Functional Rating Scale-revised Bulbar 
Function;ALSFRS-RL,Amyotrophic Lateral Sclerosis Functional Rating Scale-revised limbs; ALSFRS-
RR,Amyotrophic Lateral Sclerosis Functional Rating Scale-revised Respiratory Function;FVC,Forced Lung 
Function;A multiple linear stepwise regression model was used. The meaning of the bold values represented 
statistically significant values in the statistical analysis.
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of ALS, this sample size provides adequate representativeness. All assessments were conducted by trained 
professionals using standardized instruments, ensuring data reliability and consistency. Second, this is the first 
systematic study in China to investigate factors associated with sleep disorders in ALS patients. In addition to 
traditional variables (pain, respiratory function, disease severity), we included psychological and behavioral 
factors (anxiety, depression, fatigue, daytime sleepiness) to provide a comprehensive, multidimensional 
understanding of potential mechanisms underlying sleep disturbances.

However, this study also has limitations. First, the cross-sectional design reveals only associations; future 
longitudinal cohort studies are needed to verify the impact of risk factors such as fatigue and anxiety on ALS 
prognosis and sleep disorder progression, thereby providing more robust evidence. Second, only patients in 
clinical stages 1 to 3 were included, excluding those in advanced stages (stages 4–5). This may limit the applicability 
of findings to late-stage patients and may not fully reflect sleep disorder characteristics across all disease stages. 
Future studies should broaden inclusion criteria to enhance representativeness across all disease stages. Finally, 
this study primarily relied on patient-reported measures to evaluate sleep quality, anxiety, and fatigue, which 
are inherently vulnerable to recall bias, common method variance, and self-reporting tendencies. Moreover, 
individual disease burden and current emotional status may systematically influence subjective responses, 
thereby introducing measurement error and residual confounding. These factors may compromise the validity 
of variable associations and limit both the objectivity and generalizability of the findings.In addition, respiratory 
impairment in ALS often begins during the early nocturnal period, typically manifesting as REM sleep-related 
hypoventilation, intermittent nocturnal hypoxemia, and nocturnal hypercapnia. These subtle ventilatory 
abnormalities often precede detectable changes in conventional daytime pulmonary function tests. However, 
standard self-report instruments lack the sensitivity to capture such physiological disruptions, increasing the risk 
of underdetection.To improve the accuracy and reliability of future research findings, objective sleep-monitoring 
tools should be integrated alongside existing subjective questionnaires. This multimodal approach would enable 
earlier and more comprehensive identification of disrupted sleep architecture and respiratory dysfunction in 
ALS, thereby providing a more robust foundation for developing precision-targeted interventions.

This study identified several key factors associated with sleep disturbances in patients with ALS, including 
anxiety, fatigue, chronic pain, and disease progression rate. Future intervention strategies should be tailored 
to the unique functional limitations of ALS patients, with particular attention to those experiencing speech 
impairments and restricted motor abilities. Locally adaptable, feasible, and high-adherence interventions are 
needed.

To address anxiety, simplified emotional regulation interventions should be developed to accommodate 
limitations in communication and cognitive function. Potential approaches include adapted CBT, emotional 
support groups, and mindfulness-based techniques, complemented by digital tools to enhance accessibility and 
adherence. For fatigue, standardized objective assessment criteria should be established. Interventions should 
integrate circadian rhythm optimization, energy management, and daily living modifications to mitigate its 
disruptive effects on sleep architecture. Chronic pain management should employ a comprehensive strategy, 
including positional adjustments, rehabilitation therapy, and non-pharmacological analgesia, focusing on 
optimizing nocturnal posture and individualized care. For patients with rapid disease progression, dynamic 
monitoring of respiratory function and the establishment of early-warning mechanisms should be prioritized. 
Attention should also be given to potential degeneration of central regulatory systems, such as hypothalamic 
function. Due to the absence of specific curative therapies for autonomic dysfunction, clinical management in 
ALS primarily focuses on multidisciplinary care and symptomatic relief, with the overarching aim of improving 
patients’ quality of life47,48. In clinical settings, a systematic evaluation of both autonomic and sensory symptoms 
should be incorporated into routine ALS care, and tailored intervention strategies should be applied accordingly. 
For symptoms arising from autonomic imbalance, anticholinergic agents may offer symptomatic benefits. For 
sensory disturbances such as muscle cramps, chronic pain, and paresthesia, a combination of muscle relaxants, 
analgesics, physical therapy, and assistive devices can be employed to alleviate the overall symptom burden35. 
Importantly, patients with ALS may present with increased sympathetic activity during the early stages of the 
disease, which tends to shift toward reduced sympathetic tone in the later stages. This pattern suggests that 
autonomic dysfunction may persist throughout the disease course and could potentially interact bidirectionally 
with motor neuron degeneration. Therefore, future research should aim to elucidate the role of autonomic 
imbalance in the pathogenesis of ALS, with particular emphasis on the disrupted regulation of sympathetic and 
parasympathetic pathways.

The identification of novel biomarkers also represents a key priority for future studies. Recent evidence 
indicates that lipidomic profiling of the endocannabinoidome (eCBome) in blood samples can categorize 
patients into distinct molecular subtypes39. These subtypes have been found to correlate with disease activity and 
survival outcomes, offering opportunities for prognostic stratification. Building on this framework, combining 
molecular subtypes with sleep phenotypes may allow for early identification of ALS patients who are at high risk 
of sleep disturbances, thus providing a window for early intervention.Furthermore, integrating biomarkers and 
objective sleep parameters into unified predictive models could help quantify the prognostic impact of sleep 
disruptions and contribute to the development of individualized risk prediction strategies. Future studies should 
adopt an integrative approach that merges clinical practice with laboratory-based research. This would enable 
the simultaneous collection of blood-based multi-omics data and objective sleep monitoring indicators, thereby 
enhancing the understanding of the biological heterogeneity of sleep disturbances in ALS and providing a more 
solid foundation for precision medicine and personalized disease management.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author on rea-
sonable request.
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