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1. Abstract 

Background: Amyloid  peptide-42 (A42) and phosphorylated Tau on Threonine 181 (Tau-

pT181) are the core biomarkers in Alzheimer’s disease. Accumulated evidence showed an 

aberrant elevation of these biomarkers due to sleep disturbance. However, it is not clear if 

improving sleep quality reduces A42 and Tau-pT181 in Alzheimer’s disease patients. 

Methods: A longitudinal study was conducted on 126 patients with mild-moderate dementia 

due to Alzheimer’s disease. Sleep quality was assessed using the Pittsburgh Sleep Quality 

Index (PSQI). Behavioral and neuropsychological assessment was conducted using multiple 

self-reporting questionnaire score systems. A42 and Tau-pT181 levels in blood specimens 

were measured using an ELISA assay kit. All patients received Donepezil treatment for 

Alzheimer’s disease. Sleep disorders were individually managed with either medication or 

physical therapy according to their symptom categories. 

Results: Of the 126 cases, 93 (73.8%) patients were diagnosed with sleep disorders. The 

PSQI scores significantly correlated with depression and anxiety scores, as well as A42 and 

Tau-pT181 levels. Also, a significant correlation was found among depression, anxiety, A42 

and Tau-pT181 in all patients. Sleep intervention drastically reduced PSQI score, as well as 

A42 and Tau-pT181 levels, in parallel with improved cognition, deterioration and anxiety 

scores. Dementia and depression scores were improved only in patients who completely 

recovered (PSQI < 7) after sleep treatment. There was a 35.9% reduction of A42 levels and a 

32.8% reduction of Tau-pT181 levels in this subgroup of patients (56 cases). Conversely, the 

reduction extent was only 6.9% for A42 and 12.2% for Tau-pT181 in patients who did not 

completely recover (PSQI ≥ 7 post treatment, 37 cases). Multiple logistic regression analysis 



 

revealed that A42 level is the strongest risk factor for sleep disorder incidence and 

incomplete recovery after sleep treatment. 

Conclusion: Sleep quality score is associated with patient depression and anxiety status, as 

well as blood A42 and Tau-pT181 levels. A complete recovery is critical for a full 

improvement of all behavioral and neuropsychological assessments, which is also associated 

with a deep reduction of A42 and Tau-pT181 levels. A42 level is a prognostic factor for a 

diagnosis of sleep disorder and treatment responsiveness. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 



 

2. Introduction 

Alzheimer's disease (AD) is a progressive neuronal degenerative disorder and nearly 50 

million people live with dementia worldwide - 75% are Alzheimer's disease patients1. In the 

US, AD is the sixth leading cause of death accounting for more than 122K deaths in 2018, 

more than breast cancer and prostate cancer combined2. It is estimated that 5.8 million 

Americans age 65 and older are suffering from Alzheimer's disease this year and the number 

is projected to be 13.8 million by 2050 according to the Alzheimer’s Association 

(www.alz.org). Therefore, there is a desperate need for medical breakthroughs to prevent, 

slow or cure Alzheimer’s disease. 

Alzheimer's disease has two pathophysiological hallmarks in the brain: interstitial 

deposition of insoluble amyloid- (A) peptides and intracellular aggregation of 

hyperphosphorylated Tau proteins3. A deposition and Tau protein aggregation is a long-term 

and slow process starting 20 years or more before any noticeable symptoms, a so-called 

prodromal phase4,5. A peptides are physiologically processed from its precursor protein 

mostly in neuronal cells after sequential proteolytic cleavage by -secretase and -

secretase5,6. There are four major isoforms of A peptides (38, 40, 42 and 43), which are 

detectable in brain interstitial fluid (ISF), cerebrospinal fluid (CSF) and blood plasma7. A40 

and A42 peptides are more abundant than others. The A42 peptide is less soluble due to two 

extra hydrophobic amino acid residues at the C-terminus, rendering it more prone to 

aggregation than A40
8. Currently, the levels of A40/A42 peptides in patient CSF and blood 

are implicated as disease biomarkers in the clinic7,9. Tau protein is a key component of 

microtubule assembly in axons and its function is regulated by phosphorylation on multiple 



 

residues including threonine 181 (Tau-pT181)10. Similar to A peptides, Tau protein and its 

pT181 form are also detectable in CSF and blood specimens; their levels are associated with 

disease progression11. 

In recent years, sleep disorders are linked to Alzheimer's disease progression in addition 

to the typical symptoms of progressive loss of memory, speech and cognition12,13. A high 

prevalence (25-66%) of Alzheimer's disease patients was reported to exhibit various types of 

sleep disorders, including excessive daytime sleepiness (EDS), sundowning, nocturnal 

wandering, sunset syndrome, sleep breathing disorder (SBD) and insomnia14. In comparison, 

the incidence of sleep disorders was only 18.3-27.6% in elderly adults without cognition 

impairment14. These sleep behavior changes began in the prodromal phase of Alzheimer's 

disease while patients only suffered from mild cognitive impairment, possibly due to 

amyloid/Tau pathology before cognition decline14. Recent studies showed that sleep 

deprivation or disturbances increased A peptides and Tau proteins in CSF solution compared 

to normal sleep controls9,15-17 due to elevated production of A peptides18, which was 

supported by studies from transgenic mouse models of Alzheimer's disease19. On the other 

hand, a healthy sleep cycle was shown to facilitate A clearance from the brain tissue20. 

These studies suggest a bidirectional relationship between sleep disorder and AD 

progression14,21. However, it is not clear if sleep quality improvement would reduce or slow 

cognition impairment in Alzheimer's disease patients. 

The purpose of this study was to examine the effect of sleep quality improvement on 

behavioral and neuropsychological symptoms, as well as blood levels of A peptides and Tau 

proteins in Alzheimer's disease patients with mild-moderate cognition impairments. We were 



 

also interested in identifying potential risk factors that provide prognostic feasibility for sleep 

quality improvement in Alzheimer's disease patients. With a longitudinal approach, we 

compared the sleep quality (PSQI) score, behavioral and neuropsychological parameters 

(MoCA, GDS, CDR, HRSD-24 and HAMA), blood A peptides and Tau proteins before and 

after a 6-month sleep treatment in 126 patients. Our results revealed that PSQI scores in 

Alzheimer's disease patients correlated with HRSD-24 and HAMA scores as well as A42 and 

Tau-pT181 levels, but not with MoCA, GDS or CDR scores. After sleep treatment, a 

significant improvement was achieved for PSQI, MoCA, GDS, HAMA scores and A42 and 

Tau-pT181 levels. Most interestingly, a complete recovery from sleep disorder was 

accompanied by improved GDS and HRSD-24 scores, as well as a deep reduction of A42 

and Tau-pT181 levels. Multiple logistic regression analysis identified A peptide level as 

the sole predictor for poor sleep quality (OR = 1.013, 95% CI = 1.004-1.023, p = 0.006) and 

the strongest predicting factor for an incomplete recovery of sleep disorder after treatment 

(OR = 1.124, 95% CI = 1.065-1.186, p = 0.000) when considering all biometric parameters, 

neuropsychological assessments and blood biomarkers. Our study demonstrated for the first 

time, as the authors are aware, that sleep quality improvement is capable of slowing disease 

progression in patients with mild-moderate cognition impairment due to Alzheimer's disease. 

 

3. Methods 

3.1 Study design and patients 

    A prospective longitudinal study was designed to investigate the effect of sleep 

improvement on neuropsychological behaviors and the changes of blood biomarkers in 



 

patients with mild and moderate cognition impairment due to Alzheimer's disease. A total of 

146 patients were recruited at the Memory & Sleep Clinic at the Jianghan Oilfield General 

Hospital from February 2017 to December 2019. The diagnosis was made based on the core 

diagnostic criteria for AD dementia developed by the National Institute on Aging-Alzheimer's 

Association in 201122. The diagnostic criteria for sleep disorders in AD patients were based 

on the definition of “Dementia-related sleep disorders” in the International Classification of 

Sleep Disorders (ICSD-3) guidelines23 and the clinical diagnostic criteria for Alzheimer's 

disease-related sleep disorders24. Other inclusion criteria include no serious dysfunctions or 

lesions of the heart, lung, liver, kidney and other important organs and the ability to complete 

relevant neuropsychological assessment and auxiliary examination. Exclusion criteria 

included: (1) severe dementia; (2) other types of cognitive impairment, such as vascular 

dementia, Parkinson's disease, frontotemporal dementia, lewy body dementia, etc; (3) a 

history of severe mental illness; (4) association with severe debilitating disease, infectious 

disease, painful condition or other diseases that may affect the quality of sleep, such as 

chronic obstructive pulmonary disease, stroke, heart failure, kidney failure, severe 

cerebrovascular disease, epilepsy; (5) severe physical movement disorder.  

3.2 Ethical Approval and Consent to participate 

   The study protocol was reviewed and approved by the Ethics Committee of the Jiangshan 

Oilfield General Hospital. All the participated patients and their immediate family members 

were informed with a written consent form, and the patient’s signatures were obtained prior 

to enrollment. This study was conducted according to the principles stated in the Declaration 

of Helsinki25. 



 

After diagnosis and recruitment, all patients were managed by dedicated research nurses, 

who were responsible for collecting demographic data, medical history, physical 

examination, behavioral and neuropsychological assessment, biochemical specimen harvest 

and regular follow-up26. Patient medical history, gender, age, onset age of the disease, course 

of the disease, years of education, marital status, living situation at home and patient support 

level were assessed by structured questionnaires on the enrollment day. Patients were 

requested to spend one night at the hospital where peripheral blood specimens were harvested 

in the morning before daytime activity.  

3.3 Sleep quality evaluation 

    A Chinese version of the Pittsburgh Sleep Quality Index (PSQI) questionnaire was used 

to evaluate the overall sleep status of the patients27,28. There were 18 items in the scale that 

were divided into 7 sub-items: the subjective sleep quality, time to sleep, sleep time, sleep 

efficiency, night sleep disturbance, sleep drug use and daytime dysfunction. The score of each 

item is 0-3 points, and the total score is 0-21 points. According to the Chinese Classification 

and the Diagnose Criterion of Mental Disorder (3rd edition in 2011, developed by the 

Psychiatry Branch of Chinese Medical Association), a PSQI score at or above 7 was set as the 

cutoff value for AD-associated sleep disorder (AD-SD), while patients with a PSQI score less 

than 7 were considered as AD without sleep disorder (AD-NonSD). This PSQI cutoff value of 

7 had a sensitivity of 98.3% and a specificity of 90.2% for predicting sleep disorder in the 

Chinese population28. 

3.4 Assessment of behavioral and neuropsychological status 

    The Montreal Cognitive Assessment Scale (MoCA) was used to assess patient cognitive 



 

function29. There were 7 cognitive domains: visuospatial and executive function, naming, 

delayed recall, attention, language, abstraction and orientation. A total score less than 26 was 

considered as cognitive impairment. 

    The Clinical Dementia Assessment Scale (CDR) was used to provide a global evaluation 

of the severity of dementia30. A CDR score of 1 was classified as mild, 2 as moderate and 3 as 

severe. 

The Global Deterioration Scale (GDS) was used to assess the extent and progress of 

dementia31, which provides an overview of patient suffering from a degenerative dementia. 

The GDS scale was divided into seven levels and was completed by interviewing the patients 

and their caregivers. A GDS score of 1 indicated no cognitive impairment, 2 indicated a very 

mild cognitive impairment, 3 as mild, 4 as moderate, 5 as severe, 6 as very severe and 7 as 

worst impairment.  

    The 24-item Hamilton Rating Scale for Depression (HRSD-24) was utilized to assess 

patient depressive symptoms32. In the HRSD-24 version, a total score of 8 or less was 

classified as no depression, 8-20 as suspicious depression, 21-35 as moderate or mild 

depression, and above 35 as severe depression. 

    Hamilton Anxiety Scale (HAMA) was used to evaluate patient anxiety and there were 

14 items in this scale33. The scale adopts a 5-point scoring method ranging from 0 to 4 points. 

A total score less than 7 indicated no anxiety, 7-13 were classified as likely to have anxiety, 

14-20 was definitely anxious, 21-28 was classified as significantly anxious, above 29 was 

classified as severe anxiety. 

 



 

3.5 Measurement of blood/plasma levels of amyloid peptides and Tau-pT181 proteins 

Aβ42, Aβ40 and Tau-pT181 levels in blood specimens were measured using the enzyme-

linked immunosorbent assay (ELISA) methods. Preassembled ELISA kits for human A42 

and A40 peptides (catalog #27711/27713) were purchased from IBL (Gunma, Japan). The 

ELISA kits for Tau-pT181 proteins (Catalog #KHO0631) were obtained from Invitrogen 

(Carlsbad, CA). All blood specimens were collected between 6:00 and 9:00 a.m. in a fasted 

state. Heparin anticoagulant blood was collected by a vacuum tube, centrifuged at 3000 rpm 

for 10 min for plasma separation. The samples were then aliquoted and stored at -80C. 

ELISA assays were conducted within one week at three repeats for each specimen. 

3.6 Intervention of sleep disorders 

All patients enrolled in this study received a standard anti-dementia medicine Donepezil 

(5-10 mg, QN). Patients with sleep disorders were managed individually based on their 

symptoms of sleep disorders. Detailed intervention information was summarized in Tab 2. 

3.7 Data collection and statistical analysis 

Data of biometrics, behavioral and neuropsychological assessment, and biochemical 

tests were conducted at the enrollment prior to treatment and at the end of the 6-month 

treatment. Statistical analysis was performed using SPSS software (version 28.0, Chicago, 

IL) and GraphPad Prism. Statistical comparison among multiple groups were conducted 

using two-tail ANOVA analysis. The longitudinal comparison of the parameters between pre- 

and post-treatment was analyzed using paired t-test. Spearman correlation analysis was used 

to determine the association among all analyzed parameters. Multiple logistic regression 

analysis was conducted to identify potential risk factors that significantly affected sleep 



 

quality or the efficacy of sleep recovery after intervention. 

3.8 Availability of data and materials 

   All clinical data and questionnaire data will be available upon request and there was no 

specific materials generated from this study. 

4. Results 

4.1 Patients Population and Clinical Parameters 

  A total of 146 patients were initially enrolled in this study and 20 patients (13.7%) were 

excluded before the final assessment due to unrelated death (2 cases), stroke (3 cases), acute 

heart attack (1 case), acute pancreatitis (1 case), femoral neck fracture (2 cases), lost contact 

(2 cases) and incomplete clinical data (9 cases). All biometric, behavioral and 

neuropsychological assessments and biochemical parameters for the final 126 patients were 

summarized in Tab 1. A schematic illustration for the entire study was shown in Fig S1. 

Sleep quality is associated with depression, anxiety, A42 and Tau-pT181. 

  In this study, all cases had a CDR score of 1-2 (mild-moderate dementia), GDS score of 2-

4 (mild-moderate cognition impairment) and MoCA score of 12-26 (cognition impairment). 

The majority of cases had a HRSD-24 score 7-12 (88.9%, suspicious depression) and HAMA 

score 8-15 (89.7%, likely anxiety), as shown in Fig S2. Spearman correlation analysis 

revealed that PQSI score was significantly associated with HRSD-24 and HAMA scores, but 

not with MoCA, GDS, CDR (Tab 3), as well as clinical parameters including age, sex, 

education, course (disease length), BMI and onset age of the disease (Supplemental data Tab 

S1). These data indicate that sleep disorder is associated with depression and anxiety in 

Alzheimer’s disease patients. 



 

  Blood levels of A42 peptides and Tau-pT181 protein have been considered as reliable 

biomarkers for Alzheimer's disease11. In this study, two amyloid peptides (A42 and A40) and 

Tau-pT181 protein were assessed in all patients to evaluate their correlation with sleep 

quality status. Our results showed a significant correlation of A42 and Tau-pT181 but not 

A40 levels with PSQI, HRSD-24 and HAMA scores (Tab 3). Similarly, a strong correlation 

was noticed either between A42 and Tau-pT181 levels or between A40 levels and GDS 

scores. Interestingly, a negative correlation was observed between A40 levels and MoCA 

scores. These data strongly suggest that blood levels of A42 and Tau-pT181 are associated 

with patient sleep quality, depression and anxiety and that A40 levels are associated with 

cognition impairment (MoCA and GDS scores).  

4.2 Sleep treatment improves cognition and reliefs anxiety.  

  Based on PSQI scores, 93 cases (73.8%) were enrolled in the sleep disorder (AD-SD) 

group (PSQI ≥ 7)28 to receive sleep treatment in addition to Donepezil. Other 33 cases (PSQI 

< 7, AD-NonSD group) were treated with Donepezil only. Between these two groups, 

significant differences were noticed in HRSD-24 and HAMA scores, as well as Tau-pT181 

and A42 levels (Tab 1). Significant correlations (Spearman analysis) were also observed 

among PSQI, HRSD-24, HAMA, A42 and Tau-pT181, as well as A40 with MoCA or GDS 

(Supplemental Tab S2), consistent with the correlation data for the entire group (Tab 3).  

  The symptoms for sleep disorders included insomnia, daytime sleepiness, sleep rhythm 

disturbance, sleep disordered breathing and sunset syndrome (Tab 2). Patients with sleep 

disorders were treated with medical or physical therapy for 6 months in addition to the 

standard anti-Alzheimer’s disease medicine Donepezil34. At the end of sleep treatment, 



 

patients were re-assessed for MoCA, GDS, CDR, HRSD-24 and HAMA scores.  

  After sleep treatment, 89 out of 93 (95.7%) patients achieved a significant reduction of 

PSQI scores compared to their initial scores and only 4 cases remained unchanged (Fig 1A). 

Meanwhile, a significant improvement of MoCA, GDS and HAMA score was observed after 

sleep treatment (Fig 3B-3F). The improved incidence for MoCA, GDS and HAMA were 

90.3% (84 cases), 94.6% (88 cases) and 86% (80 cases), respectively. However, the changes 

for CDR and HRSD-24 scores were not significantly different when assessed as a whole 

group.  

  We divided the cases into two subgroups based on their post-treatment PSQI scores: PSQI 

< 7 as the complete recovery group and PSQI ≥ 7 as the incomplete recovery group. There 

were 56 (60.2%) cases completely recovered from sleep disorders and 37 (39.8%) cases 

whose PSQI scores were still ≥ 7. As shown in Tab 4, all the parameters were significantly 

improved in the complete recovery subgroup. Conversely, the changes for CDR and HRSD-

24 scores were not significantly different between pre- and post-treatment scores in the 

incomplete recovery subgroups. These data clearly suggest that sleep treatment improves 

cognition and reliefs anxiety and that a complete recovery of sleep disorder (PQI < 7) is 

critical for improving dementia and depression status.  

4.3 Sleep treatment reduces blood levels of amyloid peptides and Tau proteins. 

  We assessed if sleep treatment resulted in significant changes of blood biomarkers, A 

peptides and Tau-pT181 proteins. Our results showed that A42, A40 and Tau-pT181 levels 

were significantly reduced after sleep treatment (Fig 1G-1I), of which Tau-pT181 showed the 

most dramatical changes. Individually, there were 82 (88.2%) cases that showed A42 



 

reduction: 76 (81.7%) cases for A40 and 88 (94.6%) cases for Tau-pT181 levels (Fig 1J). We 

calculated the reduction in net change (ng/L) and percentage (net change/pre-treatment level 

x %) per individual cases between pre- and post-treatment levels and the results showed a 

reduction of 51.6 ± 5.46 ng/L (24%) for A42, 14.6 ± 3.61 ng/L (4%) for A40 and 18.1 ± 1.76 

ng/L (25%) for Tau-pT181 (Supplemental Fig S3). These data demonstrated a clear reduction 

of blood amyloid peptides and phosphorylated Tau protein after sleep treatment. 

  We compared the changes of blood biochemical markers between the complete recovery 

and incomplete recovery subgroups. As shown in Tab 4, both A42 and Tau-pT181 were 

significantly reduced after sleep treatment in both subgroups, while A40 reduction was not 

statistically significant (p = 0.089) in the incomplete recovery subgroup. Further analysis 

revealed that post-treatment levels of A42 and Tau-pT181 in the incomplete recovery 

subgroup were significantly higher than that in the complete recovery subgroups while their 

pre-treatment levels were compatible (Fig 2). These data indicate that the reducing effect on 

A42 and Tau-pT181 levels are due to sleep intervention.  

   After an in-depth analysis, of the complete recovery subgroup, A42 levels were reduced 

in 55 (98.2%) cases with an average of 35.9% reduction, Tau-pT181 proteins were reduced in 

50 (89.3%) cases with an average of 32.9% reduction, and A40 peptides were reduced in 48 

(85.7%) cases with only 5.1% reduction in average. In contrast, the incomplete recovery 

group after sleep treatment showed an increased level of A42, A40 and Tau-pT181 in 11 

(29.7%), 10 (27%) and 4 (10.8%) cases, respectively. There was only about a 6.9%, 2.5% and 

13.2% reduction in average levels for A42, A40 and Tau-pT181, respectively, after sleep 

treatment. The reduction extent, either in net changes or percentage, for A42 and Tau-pT181 



 

levels was significantly greater in the complete recovery group compared to that in the 

incomplete recovery group after sleep treatment (Fig 3). However, A40 reduction had no 

significant difference between these two subgroups. These data further demonstrated that 

A42 and Tau-pT181 reduction are tightly associated with sleep quality improvement. 

4.4 A42 level is the strongest predicting factor for sleep disorder development and complete 

recovery 

  Finally, we determined any of behavioral and neuropsychological scores or blood 

biomarkers as the risk factor for sleep disorder or sleep treatment responsiveness using 

multiple logistic regression analysis. The first analysis included the pre-treatment values from 

all 126 patients and sleep disorder (pre-treatment PSQI ≥ 7 vs < 7) was set as the dependent 

variate. After controlling for biometrics, behavioral and neuropsychological assessments, and 

blood biomarkers as the independent covariates, A42 was identified as the sole risk factor 

(odd ratio = 1.013, 95% CI = 1.004-1.023, p = 0.006). A receiver operating characteristic 

(ROC) curve analysis revealed that blood A42 level was a moderate prognose factor (ROC 

area curve = 0.667 ± 0.064, p = 0.009) compared to Tau-pT181 level (Fig 4A), HRSD-24 and 

HAMA scores (FIG 4B) for sleep disorder diagnosis. The second analysis only considered 

patients with sleep disorders (93 cases) and an incomplete recovery (post-treatment PSQI 

score < 7 vs ≥ 7) was set as the dependent variate. A42 was identified as the strongest risk 

factor for incomplete recovery after sleep treatment and the odd ratio was 1.124 (95% CI = 

1.065-1.186, p = 0.000). ROC curve analysis indicated that A42 levels has the highest 

specificity (ROC curve area = 0.919 ± 0.034, p = 0.000) for treatment recovery compared to 

Tau-pT181 and A40 (Fig 4C), as well as HRSD-24, HAMA and MoCA scores (Fig 4D). 



 

These data indicate that A42 level is the strongest risk factor for sleep disorder development 

and its complete recovery after treatment. 

 

5. DISCUSSION 

In this study, our main findings are listed below: (1) sleep quality (PSQI score) 

correlates with depression (HRSD-24 score), anxiety (HAMA score), blood A42 and Tau-

pT181 levels; (2) A42 and Tau-pT181 levels also correlate with HRSD-24 and HAMA 

individually; (3) sleep treatment improves cognition (MoCA and GDS scores), reliefs anxiety 

(HAMA scores), and reduces blood A42 and Tau-pT181 levels; (4) a complete recovery after 

sleep treatment is critical for an improved dementia (CDR score) and depression (HRSD-24 

score); (5) blood A42 level is the sole risk factor among the biometrics and 

neuropsychological parameters for sleep disorder development and a complete recovery after 

sleep treatment. As the authors are aware, this is the first clinical study showing a significant 

improvement of neuropsychological symptoms and a drastic reduction of amyloid peptides 

and Tau protein levels after sleep intervention in mild-moderate Alzheimer’s disease. 

There are many types of sleep quality assessments with different degrees of sensitivity 

and specificity35. In this study, patient sleep quality was assessed utilizing the PSQI 

questionnaire method27. The Chinese version of the PSQI questionnaire was established in 

199636 and has been adopted as the standard procedure by the Psychiatry Branch of Chinese 

Medical Association. Based on this Chinese version of the PSQI score system, 73.9% 

(93/126) of cases were diagnosed with sleep disorders in our cohort of AD patients, which 

was supported by previous reports showing a significantly higher incidence of sleep 



 

disturbance in Alzheimer’s disease patients compared to control population12,37.  

    Accumulating evidence has demonstrated sleep disorder as a clinical contributing factor 

in patients with mild-moderate Alzheimer's disease at both disease development and 

progression12. However, very few studies were reported about the correlation of sleep quality 

(PSQI score) with behavioral and neuropsychological symptoms that occur at any stage in 

Alzheimer's disease38. In this study, we assessed patient sleep quality with the PSQI score 

system in parallel with behavioral and neuropsychological symptoms using MoCA 

(cognition), CDR (dementia), GDS (global deterioration scale), HRSD-24 (depression) and 

HAMA (anxiety) scoring systems. Our results revealed that PSQI scores correlated 

significantly with HRSD-24 and HAMA scores but not with MoCA, GDS and CDR scores. 

These results were supported by a cross-section study showing an inverse correlation between 

sleep length and anxiety symptoms in Alzheimer’s disease patients39 and by a recent study 

from a Chinese cohort showing a close correlation between PSQI scores and depression in 

Alzheimer’s disease patients37. So far there is a paucity of literature about the correlation of 

sleep quality (PSQI scores) with MoCA, GDS and CDR scores, although a weak linear 

correlation (coefficient of multiple correlation at 0.307-0.34) between sleep quality and GDS 

score was reported in Alzheimer’s disease patients with moderate to severe dementia (CDR 

2-3)40, indicating a possible connection of sleep disturbance with global deterioration scale at 

a late stage of AD patients. In addition, lower MoCA scores were found in patients with 

obstructive sleep apnea hypopnea syndrome (OSAHS) compared to non-insomnia 

patients41,42, indicating a potential effect of sleep disturbance on cognition impairment in 

patients without Alzheimer’s disease. Therefore, further investigation is warranted to 



 

determine the clinical significance of sleep disorder on behavioral and neuropsychological 

symptoms during different phases of Alzheimer’s disease. 

Aberrant accumulation of amyloid peptides and aggregation of phosphorylated Tau 

protein are the major pathogenic factors in the development and progression of Alzheimer's 

disease3,8. Studies in mouse models of Alzheimer’s disease and in humans have convincingly 

demonstrated a tight association between sleep disorder and Alzheimer's disease in terms of 

amyloid peptides and Tau proteins14,15,43-46. Increased cerebrospinal fluid and blood levels of 

amyloid peptides and phosphorylated Tau protein were reported in patients with sleep 

disturbances9,16,17,47-49 and have been considered as biomarkers for disease progression11. In 

this study, our data also showed a strong correlation between PSQI scores and blood levels of 

A42 and Tau-pT181, either before or after sleep intervention. Interestingly, we also found 

that both A42 and Tau-pT181 correlated with HRSD-24 and HAMA scores while A40 

correlated with GDS and MoCA scores. Although it is hard to postulate their causative 

relationship among these correlated factors based on these preliminary data, they are the first 

clue for a further investigation to determine the effect of different amyloid peptides or Tau 

protein on cognition/dementia or depression/anxiety during Alzheimer’s disease progression. 

In the clinic for Alzheimer’s disease, a fundamental challenge is to determine if sleep 

intervention improves behavioral and neuropsychological status and reduces amyloid 

peptides or Tau proteins burden in patients21. Our data demonstrated for the first time that 

sleep intervention resulted in a 24-25% reduction of blood A42 and Tau-pT181 levels. More 

specifically, for those patients who completely recover (PSQI < 7 post treatment), the 

reduction increased to 35% for A42 and 32% for Tau-pT181. In contrast, for patients who did 



 

not completely recover (PSQI ≥ 7 post treatment), the reduction was only 6.9% for A42 and 

13.2% for Tau-pT181. In parallel to these reductions of A42 and Tau-pT181, MoCA, GDS 

and HAMA scores were also greatly improved after sleep treatment in most complete and 

incomplete recovery cases while CDR and HRSD-24 scores were improved in the complete 

recover group. Our data are supported by other clinical studies showing a 30% increase of 

A peptides in human cerebrospinal fluid18 and a 50% increase of phosphorylated Tau 

proteins in human blood16. These results clearly indicate a potential causative relationship 

between sleep disturbance and accumulation of A42 and Tau-pT181 in Alzheimer’s disease. 

Aberrant accumulation of amyloid peptide and Tau protein occurs due to an imbalanced 

process of production and clearance as reported recently14,21,45. A high quality sleep-wake 

cycle is the key for a successful clearance of these pathogenic molecules19,20,50,51. Therefore, 

it is plausible that sleep intervention at the preclinical stage of Alzheimer’s disease has a 

strong potential to prevent or slowdown disease progression52. 

  Current clinical treatments for Alzheimer’s disease are symptomatic but not disease 

intervention. Thus, it is important to identify individuals who are at high risk for developing 

dementia due to Alzheimer’s disease for preventive intervention. For this purpose, we 

performed multiple logistic regressive analysis and identified blood A42 level as the sole risk 

factor that significantly associates with sleep disorder after controlling for all other 

covariates. In addition, A42 is also identified as the strongest risk factor associated with a 

complete recovery after sleep treatment. These results suggest that a higher A42 level in 

patients with mild-moderate dementia due to Alzheimer’s disease is a critical risk factor in 

developing sleep disorder and in achieving a complete recovery from sleep disorder, although 



 

further clinical validation is needed in a large-scale clinical study. 

  There were four major limitations in our study. First, we utilized the most reliable and 

economic biomarkers, A42, A40 and Tau-pT18111, although more precise and accurate 

methods are available in the field, such as HPLC measurement of these biomarkers in CSF or 

blood specimens53 and florbetapir (18F)-positron emission tomography (PET) for amyloid 

peptide burden in brain tissue54. With advanced imaging technologies like functional MRI 

and 18F (or 11C-PIB)-PET, more precise changes in the brain tissue after sleep treatment will 

be clearly understood for mechanistic analysis. Second, we used the subjective assessment of 

sleep quality with PSQI score system, as well as MoCA, GDS, CDR, HRSD-24, HAMA 

score systems for cognition and neuropsychological evaluation because they have been 

widely used in the field and also as common tools in our clinical practice55. Although the 

objective self-assessment system by older subjects might not reflect their actual sleep 

structure and quality compared to a subjective measurement like polysomnography (PSG)56, 

the changes of PSQI scores (sleep quality) between pre- and post-treatment were analyzed 

using a paired t-test (longitudinal self-comparison) so that the derivations among individuals 

were minimized. It is plausible that objective measurements with advanced technology for 

sleep quality monitoring will greatly strengthen our conclusion. Third, we noticed a few 

outliers of blood A42, A40 and Tau-pT181 values and excluded any possibility of technical 

error. Recent studies reported that a genetic variant of the APOE 4 allele is linked to 

increased risk of Alzheimer’s disease14. A separate project is ongoing by our team to conduct 

genetic profiling to determine this genetic variant in our cohort. Lastly, there 37 cases who 

did not recover completely after a 6-month treatment. We are still monitoring these cases for 



 

another 6-month continuous sleep intervention or a longer follow-up till a possible complete 

recovery within 2 years. 

   In conclusion, this is a longitudinal study with 126 cases of Mild-moderate Alzheimer’s 

disease and 93 cases were accompanied with sleep disorders. Their sleep quality scores 

significantly correlated with depression and anxiety scores, as well blood A42 and Tau-

pT181 levels. Sleep treatment largely improved their sleep quality, enhanced cognition and 

relieved anxiety, as well as a drastically decreased blood A42 and Tau-pT181 levels. A 

complete recovery of sleep quality is critical to achieve a reduced dementia and depression 

status. Among all biometrics, neuropsychological parameters and blood biomarkers, blood 

A42 level was identified as the strongest risk factor for sleep disorder incidence and 

treatment responsiveness. Our data for the first time provided a clear clue that sleep treatment 

is feasible to reduce neuropsychological symptoms and might be able to slow disease 

progression when implicated in the early phase of Alzheimer’s disease. 

 

6. Authors’ Contributors 

   HH designed the study and acquired funding as the principal investigator of the project. 

HH, ML, MZ, HC, XM, QC and JP were involved in patient recruitment, clinical 

examination, the eligibility evaluation, the consent form and the questionnaire assessment. 

JQ, JP and MZ collected blood specimens and conducted ELISA analyses. HH and BL 

performed statistical analysis and data interpretation. TL and BL drafted the manuscript 

including data tables and graphs.  

 



 

7. Consent for publication 

   All authors agreed with the decision of this submission at current formation.  

8. Competing interests 

    The funder of this project had no role in the study design, data collection and analysis, 

result interpretation and report preparation. All authors had full access to the data obtained 

from the study and the corresponding authors had the final responsibility for the decision of 

submission and publication. 

9. Funding 

   This research project was supported by a grant from Hubei Provincial Health Commission 

(Grant number WJ2018H182). 

10. Acknowledgments 

We are very grateful for the technical support from the Hubei Clinical Research Center 

for Dementia & Cognitive Impairment. The staff members at the Department of Geriatrics in 

Jianghan Oilfield General Hospital provided technical assistance in the process of blood 

sample collection and patient care. Drs Jianghua He and Jinxiang Hu from the Department of 

Biostatistics & Data Science at the University of Kansas Medical Center provided valuable 

consultation on statistical analysis of the clinical data. 

11. Authors' information 

No specific 

 

 

 



 

12. References 

1. Kivipelto M, Mangialasche F, Snyder HM, et al. World-Wide FINGERS Network: A global approach to 

risk reduction and prevention of dementia. Alzheimers Dement 2020; 16(7): 1078-94. 

2. 2020 Alzheimer's disease facts and figures. Alzheimers Dement 2020. 

3. Polanco JC, Li C, Bodea LG, Martinez-Marmol R, Meunier FA, Gotz J. Amyloid-beta and tau complexity - 

towards improved biomarkers and targeted therapies. Nat Rev Neurol 2018; 14(1): 22-39. 

4. Gordon BA, Blazey TM, Su Y, et al. Spatial patterns of neuroimaging biomarker change in individuals 

from families with autosomal dominant Alzheimer's disease: a longitudinal study. Lancet Neurol 2018; 17(3): 

241-50. 

5. De Strooper B, Karran E. The Cellular Phase of Alzheimer's Disease. Cell 2016; 164(4): 603-15. 

6. Selkoe DJ, Hardy J. The amyloid hypothesis of Alzheimer's disease at 25 years. EMBO Mol Med 2016; 

8(6): 595-608. 

7. d'Abramo C, D'Adamio L, Giliberto L. Significance of Blood and Cerebrospinal Fluid Biomarkers for 

Alzheimer's Disease: Sensitivity, Specificity and Potential for Clinical Use. J Pers Med 2020; 10(3). 

8. Gallardo G, Holtzman DM. Amyloid-beta and Tau at the Crossroads of Alzheimer's Disease. Adv Exp Med 

Biol 2019; 1184: 187-203. 

9. Diaz-Roman M, Pulopulos MM, Baquero M, et al. Obstructive sleep apnea and Alzheimer's disease-related 

cerebrospinal fluid biomarkers in mild cognitive impairment. Sleep 2020. 

10. Hefti MM, Kim S, Bell AJ, et al. Tau Phosphorylation and Aggregation in the Developing Human Brain. J 

Neuropathol Exp Neurol 2019; 78(10): 930-8. 

11. Olsson B, Lautner R, Andreasson U, et al. CSF and blood biomarkers for the diagnosis of Alzheimer's 

disease: a systematic review and meta-analysis. Lancet Neurol 2016; 15(7): 673-84. 



 

12. Bubu OM, Brannick M, Mortimer J, et al. Sleep, Cognitive impairment, and Alzheimer's disease: A 

Systematic Review and Meta-Analysis. Sleep 2017; 40(1). 

13. Semyachkina-Glushkovskaya O, Postnov D, Penzel T, Kurths J. Sleep as a Novel Biomarker and a 

Promising Therapeutic Target for Cerebral Small Vessel Disease: A Review Focusing on Alzheimer's Disease 

and the Blood-Brain Barrier. Int J Mol Sci 2020; 21(17). 

14. Wang C, Holtzman DM. Bidirectional relationship between sleep and Alzheimer's disease: role of amyloid, 

tau, and other factors. Neuropsychopharmacology 2020; 45(1): 104-20. 

15. Bubu OM, Umasabor-Bubu OQ, Turner AD, et al. Self-reported obstructive sleep apnea, amyloid and tau 

burden, and Alzheimer's disease time-dependent progression. Alzheimers Dement 2020. 

16. Barthelemy NR, Liu H, Lu W, Kotzbauer PT, Bateman RJ, Lucey BP. Sleep Deprivation Affects Tau 

Phosphorylation in Human Cerebrospinal Fluid. Ann Neurol 2020; 87(5): 700-9. 

17. Blattner MS, Panigrahi SK, Toedebusch CD, et al. Increased Cerebrospinal Fluid Amyloid-beta During 

Sleep Deprivation in Healthy Middle-Aged Adults Is Not Due to Stress or Circadian Disruption. J Alzheimers 

Dis 2020; 75(2): 471-82. 

18. Lucey BP, Hicks TJ, McLeland JS, et al. Effect of sleep on overnight cerebrospinal fluid amyloid beta 

kinetics. Ann Neurol 2018; 83(1): 197-204. 

19. Holth JK, Fritschi SK, Wang C, et al. The sleep-wake cycle regulates brain interstitial fluid tau in mice and 

CSF tau in humans. Science 2019; 363(6429): 880-4. 

20. Xie L, Kang H, Xu Q, et al. Sleep drives metabolite clearance from the adult brain. Science 2013; 

342(6156): 373-7. 

21. Lucey BP. It's complicated: The relationship between sleep and Alzheimer's disease in humans. Neurobiol 

Dis 2020; 144: 105031. 



 

22. McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis of dementia due to Alzheimer's disease: 

recommendations from the National Institute on Aging-Alzheimer's Association workgroups on diagnostic 

guidelines for Alzheimer's disease. Alzheimers Dement 2011; 7(3): 263-9. 

23. Sateia MJ. International classification of sleep disorders-third edition: highlights and modifications. Chest 

2014; 146(5): 1387-94. 

24. Yesavage JA, Friedman L, Ancoli-Israel S, et al. Development of diagnostic criteria for defining sleep 

disturbance in Alzheimer's disease. J Geriatr Psychiatry Neurol 2003; 16(3): 131-9. 

25. General Assembly of the World Medical A. World Medical Association Declaration of Helsinki: ethical 

principles for medical research involving human subjects. J Am Coll Dent 2014; 81(3): 14-8. 

26. Jia JP, Wang YH, Yang X. [Chinese guidelines for diagnosis and management of cognitive impairment and 

dementia (VI): dementia nursing]. Zhonghua Yi Xue Za Zhi 2011; 91(15): 1013-5. 

27. Buysse DJ, Reynolds CF, 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a 

new instrument for psychiatric practice and research. Psychiatry Res 1989; 28(2): 193-213. 

28. Liu XC, Tang MQ, Hu L. Reliability and validity of the Pittsburgh sleep quality index. Chinese J 

Psychiatry 1996; 2: 103-7. 

29. Chen X, Zhang R, Xiao Y, Dong J, Niu X, Kong W. Reliability and Validity of the Beijing Version of the 

Montreal Cognitive Assessment in the Evaluation of Cognitive Function of Adult Patients with OSAHS. PLoS 

One 2015; 10(7): e0132361. 

30. Morris JC. The Clinical Dementia Rating (CDR): current version and scoring rules. Neurology 1993; 

43(11): 2412-4. 

31. Reisberg B, Ferris SH, de Leon MJ, Crook T. The Global Deterioration Scale for assessment of primary 

degenerative dementia. Am J Psychiatry 1982; 139(9): 1136-9. 



 

32. Hamilton M. Rating depressive patients. J Clin Psychiatry 1980; 41(12 Pt 2): 21-4. 

33. Hamilton M. Development of a rating scale for primary depressive illness. Br J Soc Clin Psychol 1967; 

6(4): 278-96. 

34. Jia JP, Wang YH, Wei CB. [Chinese guidelines for diagnosis and management of cognitive impairment and 

dementia (V): dementia therapy]. Zhonghua Yi Xue Za Zhi 2011; 91(14): 940-5. 

35. Ibanez V, Silva J, Cauli O. A survey on sleep assessment methods. PeerJ 2018; 6: e4849. 

36. Liu X, Uchiyama M, Okawa M, Kurita H. Prevalence and correlates of self-reported sleep problems among 

Chinese adolescents. Sleep 2000; 23(1): 27-34. 

37. Zhou G, Liu S, Yu X, Zhao X, Ma L, Shan P. High prevalence of sleep disorders and behavioral and 

psychological symptoms of dementia in late-onset Alzheimer disease: A study in Eastern China. Medicine 

(Baltimore) 2019; 98(50): e18405. 

38. Magierski R, Sobow T, Schwertner E, Religa D. Pharmacotherapy of Behavioral and Psychological 

Symptoms of Dementia: State of the Art and Future Progress. Front Pharmacol 2020; 11: 1168. 

39. de Oliveira FF, Bertolucci PH, Chen ES, Smith Mde A. Assessment of sleep satisfaction in patients with 

dementia due to Alzheimer's disease. J Clin Neurosci 2014; 21(12): 2112-7. 

40. Stella F, Laks J, Govone JS, de Medeiros K, Forlenza OV. Association of neuropsychiatric syndromes with 

global clinical deterioration in Alzheimer's disease patients. Int Psychogeriatr 2016; 28(5): 779-86. 

41. Guo KD, Wang J, Wang QJ, Shen JC, Chen R. [Relationship between insomnia phenotype and mild 

cognitive impairment in young and middle-aged patients with obstructive sleep apnea hypopnea syndrome]. 

Zhonghua Yi Xue Za Zhi 2020; 100(34): 2675-81. 

42. Guo H, Wei M, Ding W. Changes in Cognitive Function in Patients with Primary Insomnia. Shanghai Arch 

Psychiatry 2017; 29(3): 137-45. 



 

43. Mullins AE, Kam K, Parekh A, Bubu OM, Osorio RS, Varga AW. Obstructive Sleep Apnea and Its 

Treatment in Aging: Effects on Alzheimer's disease Biomarkers, Cognition, Brain Structure and 

Neurophysiology. Neurobiol Dis 2020; 145: 105054. 

44. Branger P, Arenaza-Urquijo EM, Tomadesso C, et al. Relationships between sleep quality and brain 

volume, metabolism, and amyloid deposition in late adulthood. Neurobiol Aging 2016; 41: 107-14. 

45. Ning S, Jorfi M. Beyond the sleep-amyloid interactions in Alzheimer's disease pathogenesis. J 

Neurophysiol 2019; 122(1): 1-4. 

46. Kang JE, Lim MM, Bateman RJ, et al. Amyloid-beta dynamics are regulated by orexin and the sleep-wake 

cycle. Science 2009; 326(5955): 1005-7. 

47. Bu XL, Liu YH, Wang QH, et al. Serum amyloid-beta levels are increased in patients with obstructive 

sleep apnea syndrome. Sci Rep 2015; 5: 13917. 

48. Chen DW, Wang J, Zhang LL, Wang YJ, Gao CY. Cerebrospinal Fluid Amyloid-beta Levels are Increased 

in Patients with Insomnia. J Alzheimers Dis 2018; 61(2): 645-51. 

49. Chen L, Huang J, Yang L, et al. Sleep deprivation accelerates the progression of alzheimer's disease by 

influencing Abeta-related metabolism. Neurosci Lett 2017; 650: 146-52. 

50. Lucey BP, McCullough A, Landsness EC, et al. Reduced non-rapid eye movement sleep is associated with 

tau pathology in early Alzheimer's disease. Sci Transl Med 2019; 11(474). 

51. Shokri-Kojori E, Wang GJ, Wiers CE, et al. beta-Amyloid accumulation in the human brain after one night 

of sleep deprivation. Proc Natl Acad Sci U S A 2018; 115(17): 4483-8. 

52. Ju YE, McLeland JS, Toedebusch CD, et al. Sleep quality and preclinical Alzheimer disease. JAMA Neurol 

2013; 70(5): 587-93. 

53. Nakamura A, Kaneko N, Villemagne VL, et al. High performance plasma amyloid-beta biomarkers for 



 

Alzheimer's disease. Nature 2018; 554(7691): 249-54. 

54. Clark CM, Schneider JA, Bedell BJ, et al. Use of florbetapir-PET for imaging beta-amyloid pathology. 

JAMA 2011; 305(3): 275-83. 

55. Li M, Huang H, Jiang G, Mou X, Chen Q. [Change patterns, influencing factors and predictors of quality 

of life in patients with Alzheimer's disease]. Zhonghua Yi Xue Za Zhi 2015; 95(15): 1131-4. 

56. O'Donnell D, Silva EJ, Munch M, Ronda JM, Wang W, Duffy JF. Comparison of subjective and objective 

assessments of sleep in healthy older subjects without sleep complaints. J Sleep Res 2009; 18(2): 254-63. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

13. Figure legends 

Fig 1. Sleep treatment reduces behavioral and neuropsychological scores, as well as A42 

and Tau-pT181 levels. A total of 93 cases with sleep disorders were subjected to 

various sleep intervention according to their symptoms of sleep disorder, as listed in 

Tab 2. All data were plotted as pairs of pre- and post-treatment scores or values (panel 

A-I). P values were derived from a paired two-tail t-test. Panel J is a bar graph for the 

net changes of blood levels of A42, A40 and Tau-pT181 between pre- and post-

treatment (pre-treatment level minus post-treatment level individually). 

 

Fig 2. An incomplete recovery after sleep treatment is associated with higher levels of 

A42 and Tau-pT181. All data were scatter-plotted in different groups and the error 

bars indicate the MEAN and 95% CI (confidence interval). P values were derived from 

a two-tail Student t-test. 

 

Fig 3. Complete recovery after sleep treatment is associated with a drastic reduction of 

A42 and Tau-pT181 levels. (A) The percentage of reduction was calculated as 

follow: (pre-treatment minus post-treatment)/pre-treatment x 100%. (B) Net reduction 

was calculated as follow: pre-treatment minus post-treatment. A positive value 

indicates a decrease while a negative value indicates an increased post-treatment level 

compared to pre-treatment level. P values were derived from a two-tail Student t-test. 

 

Fig 4. Blood A42 level is a strong risk factor for sleep disorder incidence and 



 

intervention responsiveness. (A & B) Pre-treatment values for all listed parameters 

from all 126 cases were utilized for ROC curve analysis. Pre-treatment PSQI score < 7 

or ≥ 7 was set as the dependent variate. (C & D) Pre-treatment values for all listed 

parameters from all 93 cases who received sleep intervention were entered for ROC 

curve analysis. Post-treatment PSQI score < 7 or ≥ 7 was set as the dependent variate. 

14. Supplemental data: 

Fig S1. A schematic illustration of the study design and protocol. A total of 146 patients 

were enrolled initially and 20 cases were excluded. Of the 126 cases, 93 patients were 

diagnosed with sleep disorders and were subjected to various sleep intervention in 

addition to Donepezil treatment. Other 33 cases received Donepezil only. After a 6- 

month treatment, patients were re-assessed and divided into different groups based on 

PSQI scores.  

Fig S2. Percentage distribution of the scores for behavioral and neuropsychological 

assessments. 

Fig S3. Sleep treatment reduces blood levels of A42, A40 and Tau-pT181. (A) Net 

changes were calculated individually as follows: pre-treatment minus post-treatment. 

(B) Percentage changes were calculated individually as follow: (pre-treatment minus 

post-treatment)/pre-treatment x 100%. All data were scatter-plotted, and the error bars 

indicate the MEAN and 95% CI (confidence interval).  

Tab S1. The results of Spearman correlation analysis for all 126 cases. 

Tab S2. The results of Spearman correlation analysis for 93 cases who received sleep 

treatment. 



Figures

Figure 1

Sleep treatment reduces behavioral and neuropsychological scores, as well as Aβ42 and Tau-pT181
levels. A total of 93 cases with sleep disorders were subjected to various sleep intervention according to
their symptoms of sleep disorder, as listed in Tab 2. All data were plotted as pairs of pre- and post-



treatment scores or values (panel A-I). P values were derived from a paired two-tail t-test. Panel J is a bar
graph for the net changes of blood levels of Aβ42, Aβ40 and Tau-pT181 between pre- and post-treatment
(pre-treatment level minus post-treatment level individually).

Figure 2

An incomplete recovery after sleep treatment is associated with higher levels of Aβ42 and Tau-pT181. All
data were scatter-plotted in different groups and the error bars indicate the MEAN and 95% CI (con�dence
interval). P values were derived from a two-tail Student t-test.

Figure 3



Complete recovery after sleep treatment is associated with a drastic reduction of Aβ42 and Tau-pT181
levels. (A) The percentage of reduction was calculated as follow: (pre-treatment minus post-
treatment)/pre-treatment x 100%. (B) Net reduction was calculated as follow: pre-treatment minus post-
treatment. A positive value indicates a decrease while a negative value indicates an increased post-
treatment level compared to pre-treatment level. P values were derived from a two-tail Student t-test.

Figure 4



Blood Aβ42 level is a strong risk factor for sleep disorder incidence and intervention responsiveness. (A &
B) Pre-treatment values for all listed parameters from all 126 cases were utilized for ROC curve analysis.
Pre-treatment PSQI score < 7 or ≥ 7 was set as the dependent variate. (C & D) Pre-treatment values for all
listed parameters from all 93 cases who received sleep intervention were entered for ROC curve analysis.
Post-treatment PSQI score < 7 or ≥ 7 was set as the dependent variate.
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