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Background: Sleep is critical in health problems including Parkinson’s disease (PD). This study examined the association between
sleep characteristics and the likelihood of prodromal PD.

Methods: At baseline examination of the Heart and Brain Investigation in Taicang (HABIT) study, potential PD biomarkers were
obtained for 8777 participants aged over 50 years, and the probability of prodromal PD was assessed based on the Chinese expert
consensus and Movement Disorder Society (MDS) criteria. General and component sleep characteristics were evaluated by the
Pittsburgh Sleep Quality Index (PSQI). Median regression was applied to examine the association between sleep and the probability of
prodromal PD, adjusting for age, sex, education level, physical activity, obesity, fast plasma glucose, lipids, and hypertension.
Results: Based on China criteria, a higher level of PSQI score was significantly associated with a higher probability of prodromal PD
(B =10.02, 95% CI: 0.01-0.03) and a higher risk of having an increased probability of prodromal PD (OR = 1.04, 95% CI: 1.02—1.05).
Compared to participants with good quality sleep, those with poor quality sleep had a 0.07% increased probability of prodromal PD
(95% CI: 0.01-0.13) and a 19% increased risk of having a high prodromal PD probability (95% CI: 1.04-1.20). Similar associations
between sleep quality and the probability of prodromal PD were also observed using the MDS criteria. Subjective sleep quality, sleep
latency, habitual sleep efficiency, daytime dysfunction, and use of sleep medications were also associated with the probability of
prodromal PD.

Conclusion: Poor sleep quality was associated with a high probability of prodromal PD. Sleep may be helpful for understanding and
intervention of prodromal PD.
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Introduction

Accumulating evidence reveals a crosstalk between sleep disturbance and the progression of neurodegenerative diseases
including Alzheimer’s disease (AD), Huntington’s disease, and Parkinson’s disease (PD).' > Lack of sleep, including
shortened sleep duration and poor sleep quality, may promote the process of neurodegeneration,* which may in turn

deteriorate sleep disorders.®® Novel intervention aiming to restore sleep health is also promising for the therapeutic
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strategy of neurodegenerative diseases.” Previous studies suggested that dysregulated sleep, eg, a short or prolonged sleep

duration®™!! 1-13

and poor sleep quality, were associated with incident PD. However, whether these modifiable sleep
dysregulations were associated with the early stage of PD or the risk of PD remains unclear.

Prodromal PD, a stage where neurodegeneration has occurred but not fully met the classic clinical diagnosis, is
becoming progressively popular owing to its significance of early PD diagnosis and a potential target for disease-
preventing therapy.'* As proposed by the Movement Disorder Society (MDS), current sleep-related prodromal markers
contributing to the positive likelihood ratio for PD risk were rapid eye movement sleep behavior disorder (RBD) and
excessive daytime somnolence.'>'® However, subclinical sleep characteristics, eg sleep quality, sleep duration, and
daytime dysfunction, which are often easily accessed in the general population, were rarely investigated in association
with prodromal PD. Therefore, we used the Pittsburgh Sleep Quality Index (PSQI) to assess seven aspects of sleep
characteristics and examined their associations, individually and jointly, with the likelihood of prodromal PD in more

than five thousand community members.

Methods

Study Participants

The Heart And Brain Investigation in Taicang (HABIT) study is an ongoing prospective longitudinal study designed to
search for new risk factors for cardiovascular disorders, neurodegenerative diseases, and biomarkers underlying their
crosstaling effects. The protocol of the HABIT study complied with the Declaration of Helsinki and was approved by the
Ethics Committee of Soochow University (Approval No. ECSU-2019000119). All participants provided written informed
consent. The study design and data collection have been detailed elsewhere.'” In brief, 10357 community members aged
over 30 years were included in the HABIT from 24 randomly selected communities in Taicang City between 2019 and
2020. Considering that the neurodegenerative process is more common among middle-aged and elder individuals, we
only included participants over 50 years old (n = 8777) in the current analysis. All of the included participants have not
been diagnosed with PD or AD.

Assessment of Sleep Characteristics

We used the Chinese version of the PSQI to evaluate nighttime sleep quality in the last month. The PSQI questionnaire
was also recommended for the assessment of overall sleep problems in individuals with PD. PSQI includes seven
component scores including subjective quality of sleep, sleep duration, sleep latency, habitual sleep efficiency, sleep
disturbance, use of sleep medication, and daytime dysfunction.'® Each item is scored from 0 to 3 points and then finally
summed to provide the global PSQI score (range: 0-21 points). A higher score indicates poorer sleep quality and the cut-
off score of 5 was regarded as screening for sleep disturbance.'® In the current study, a global PSQI score >5 was defined
as poor and otherwise good sleep quality.

Collection of Risk Markers and Estimation of Prodromal PD

Prodromal PD was estimated according to the recommendations from the 2019 Chinese expert consensus'’ and the 2016
MDS research criteria,'® respectively. The risk markers used included male gender, regular pesticide exposure, cigarette
smoking, alcohol consumption, use of tea, RBD, constipation, depression, family history of PD, olfactory loss, and
substantial nigra hyperechogenicity. The methods of collection of these markers have been detailed elsewhere'” and in
the Supplementary data. Their corresponding likelihood ratios (LRs) are shown in Supplementary Table S1. The

probability of prodromal PD was calculated for all participants using the following formula:

prior probability /(1 — prior probability) X pooled LR

1009
1 + [prior probability /(1 — prior probability) x pooled LR] % %

Probability of prodromal PD =

The prior probability estimated according to 5-year age intervals was 0.4% from ages 50 to 54, 0.75% from ages 55 to
59, 1.25% from ages 60 to 64, 2.0% from ages 65 to 69, 2.5% from ages 70 to 74, 3.5% from ages 75 to 79, and 4.0% age
80 and over. Based on the relevant information of the risk markers and corresponding LRs listed in Supplementary Table
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S1, the pooled LR is generated by multiplying all available LRs by one another. The probability of prodromal PD for an
individual can be finally calculated from the pooled LR combined with the age-specific prior probability.

Measurement of Covariates
As detailed in the Supplementary data, education level, physical activity, body mass index (BMI), blood pressure (BP),

fasting plasma glucose, total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-C), and low-density
lipoprotein cholesterol (LDL-C) were obtained for all participants.

Statistical Analysis

There were very few participants who were likely to have prodromal PD, as indicated by the prevalence of 0.79% and 0.76%
according to the criteria recommended by China and MDS, respectively. We, therefore, defined participants with a probability
over the 75" percentile as an increased probability of prodromal PD. The clinical characteristics of the study participants were
presented in participants with and without an increased probability of prodromal PD, respectively. To examine the association
between sleep quality and prodromal PD, we first constructed a median regression model in which the probability of
prodromal PD was the dependent variable, sleep quality (continuous PSQI score or categorical as poor sleep quality) was the
independent variable, adjusting for age, sex, education level, physical activity, BMI, fast plasma glucose, HDL-C, LDL-C,
and hypertension. Then, a logistic regression model was similarly constructed to examine the association between sleep
quality and the risk of an increased probability of prodromal PD. The associations of sleep characteristics assessed by the 7
components of PSQI with prodromal PD were similarly examined. All statistical analyses were performed using SAS
software version 9.4 (SAS Institute, Cary, NC). A two-tailed P value of less than 0.05 was considered statistically significant.

Sensitivity Analysis

To further examine whether social-demographic characteristics affect our results, the association between sleep quality
and prodromal PD was also analyzed in subgroups by age (<55 or higher), sex, and education level. To eliminate the
potential influence of sleep medications on the association between sleep quality and prodromal PD, participants who
reported the use of sleep medications were excluded.

Results

Clinical Characteristics of Study Participants

A total of 8777 participants (median aged 59 years; 41.2% males) were included in the current analysis. Of them, 1905
individuals (21.7%) complained of poor quality sleep as defined by PSQI score >5 points. Their clinical characteristics
are shown in Table 1. Compared to participants without, those with an increased probability of prodromal PD were more
likely to be males, older, less educated, and have a lower level of BMI and blood pressure (All P < 0.05). There were no
statistically significant differences in other listed variables (All P > 0.05). Notably, poor sleep quality was more common
in participants with an increased probability of prodromal PD than those without (P = 0.003).

Association Between Sleep Quality and Probability of Prodromal PD

According to the China criteria, a higher level of PSQI score was significantly associated with a higher probability of

prodromal PD (B = 0.02, 95% CI: 0.01-0.03) and a higher risk of having an increased probability of prodromal PD (OR =

1.04, 95% CI: 1.02—-1.05). Compared to participants with good quality sleep, those with poor quality sleep had a 0.07% increa
sed probability of prodromal PD (95% CI: 0.01-0.13) and a 19% increased risk of having an increased probability of

prodromal PD (95% CI: 1.04—1.20). Similar associations between sleep quality and probability of prodromal PD were

also observed using the MDS criteria (Table 2).

Association Between PSQI Components and Probability of Prodromal PD
In addition to sleep quality assessed by the PSQI score, the individual components of the PSQI were also associated with
the probability of prodromal PD. As shown in Figure 1, subjective sleep quality, sleep latency, habitual sleep efficiency,
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Table | Clinical characteristics of study participants according to probability of prodromal PD

Characteristics Probability based on China criteria Probability based on MDS criteria
Low High P value Low High P value

No. of participants 6579 2198 6583 2194 -
Sex, males (%) 2960 (45.0) 709 (32.3) <0.001 2919 (44.3) 750 (34.2) <0.001
Age, years 59 (54-64) 65 (62-67) <0.001 59 (54-64) 65 (62-67) <0.001
Education level, years 9 (6-9) 5(2-7) <0.001 9 (6-9) 5(2-7) <0.001
Cigarette smoking, n (%)

Current smoking 1720 (26.1) 245 (11.2) <0.001 1745 (26.5) 220 (10.0) <0.001

Former smoking 377 (5.7) 170 (7.7) 392 (6.0) 155 (7.1)

Never smoking 4482 (68.1) 1783 (81.1) 4446 (67.5) 1819 (82.9)
Alcohol consumption, n (%)

Current drinking 171 (17.8) 218 (9.9) <0.001 1134 (17.2) 255 (11.6) <0.001

Former drinking 189 (17.8) 59 (2.7) 194 (3.0) 54 (2.5)

Never drinking 5219(79.3) 1921 (87.4) 5255 (79.8) 1885 (85.9)
Physical activity, MET-min/week | 960 (0-4200) 960 (0-4480) 0.203 960 (0-4320) 720 (0-4320) 0.702
Body mass index, kg/m? 239 (21.9-26.2) | 23.7 (21.7-25.8) | 0.005 23.9 (21.9-26.2) 23.8 (21.8,25.8) | 0.037
Systolic BR, mmHg 129 (118-140) 130 (120-141) 0.137 129 (119-141) 130 (120-141) 0.208
Diastolic BP, mmHg 73 (67-79) 70 (65-76) <0.001 73 (67-79) 71 (65-76) <0.001
FPG, mmol/L 5.3 (5.0-5.9) 5.4 (5.0-5.9) 0.209 5.3 (5.0-5.8) 5.4 (5.0-5.9) 0.137
Triglycerides, mmol/L 4 (1.0-2.0) 1.4 (1.0-1.9) 0.146 4 (1.0-2.0) 3 (1.0-1.9) 0.243
Total cholesterol, mmol/L 5.3 (4.6-5.9) 5.2 (4.6-5.9) 0.456 5.3 (4.6-5.9) 5.2 (4.6-5.9) 0514
LDL-cholesterol, mmol/L 33 (2.8-3.9) 33 (27-3.9) 0.225 3.3 (2.8-3.9) 33 (27-3.9) 0.330
HDL-cholesterol, mmol/L 4 (1.2-1.6) 1.4 (1.2-1.7) <0.001 4 (1.2-1.6) 4 (1.2-1.7) <0.001
PSQI Score, points 3 (2-5) 3 (2-6) <0.001 3 (2-5) 3 (2-6) <0.001
Poor quality sleep, n (%) 1415 (21.5) 560 (25.5) <0.001 1417 (21.5) 558 (25.4) 0.001

Notes: Results were presented with n (%) or median (interquartile range) as appropriate.
Abbreviations: BP: blood pressure; FPG: Fasting blood glucose; LDL: low-density lipoprotein; HDL: high-density lipoprotein; MET-min:
metabolic equivalents minutes; PSQI, Pittsburgh Sleep Quality Index; MDS: Movement Disorder Society; PD: Parkinson disease.

Table 2 Association Between Sleep Quality and Probability of Prodromal PD

Sleep Quality Recommended by China Recommended by MDS

Probability,
% (B (95% Cl))*

Increased probability
(OR (95% ClI)) *

Probability,
% (B (95% CI)) *

Increased probability
(OR (95% Cl)) *

PSQI score 0.02 (0.01-0.03) 1.04 (1.02-1.05) 0.02 (0.01-0.03) 1.04 (1.02-1.06)
Good quality 0.00 (reference) 1.00 (reference) 0.00 (reference) 1.00 (reference)
Poor quality 0.07 (0.01-0.13) 1.19 (1.04-1.20) 0.07 (0.02-0.13) 1.21 (1.07-1.38)

Notes: *adjusting for age, sex, education level, physical activity, body mass index, fast plasma glucose, high- and low-density lipoprotein
cholesterol, and hypertension.
Abbreviations: PSQI, Pittsburgh Sleep Quality Index; MDS, Movement Disorder Society; PD, Parkinson’s disease.

use of sleeping medications, and daytime dysfunction were significantly associated with a higher probability of
prodromal PD calculated according to recommendations from either China or MDS (all P < 0.05). These components
were also significantly associated with an increased risk of having a high probability of prodromal PD (all P < 0.05,
Figure 2). Amongst these components, daytime dysfunction seemed to show a stronger association with prodromal PD
probability, as suggested by the largest R? (Supplementary Table S2).

Results of Sensitivity Analysis
The subgroup analysis by sex, age, and education levels did not reveal a statistically significant group difference in the
magnitude of the association between sleep quality and the probability of prodromal PD (Supplementary Table S3),

suggesting that social-demographic characteristics may not affect our results. After excluding participants who reported
the use of sleep medications, the association between the PSQI score and the probability of prodromal PD persisted
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Figure | A forest plot presenting the associations between individual PSQI components and the probability of prodromal PD.
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Beta(95%Cl)

0.062(0.030, 0.094)
0.047(0.002, 0.093)
0.087(0.004, 0.171)
0.486(0.009, 0.963)

0.026(0.002, 0.049)
0.024(-0.022, 0.070)
0.046(-0.031, 0.123)
0.093(-0.034, 0.219)

-0.007(-0.034, 0.020)
0.045(0.001, 0.089)
0.040(-0.022, 0.102)
0.030(-0.247, 0.307)

0.004(-0.027, 0.036)
-0.044(-0.108, 0.019)
-0.073(-0.147, 0.001)
0.275(0.060, 0.490)

0.019(-0.021, 0.060)
-0.009(-0.068, 0.050)
0.011(-0.037, 0.257)

0.204(0.043, 0.365)
1.243(0.344, 2.142)
0.241(-0.253, 0.960)
0.583(-0.060, 1.227)

0.107(0.065, 0.149)
0.146(0.076, 0.216)
0.107(-0.025, 0.238)
0.427(0.151, 0.703)

0.059(0.029,0.089)
0.044(0.002,0.085)
0.106(0.023,0.189)
0.308(-0.023,0.639)

0.023(-0.001,0.046)
0.016(-0.026,0.058)
0.036(-0.033,0.105)
0.089(-0.026,0.205)
-0.011(-0.037,0.140)
0.044(0.002, 0.086)
0.039(-0.018, 0.096)
0.063(-0.262, 0.388)
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-0.031(-0.094,0.032)
-0.05(-0.114,0.015)
0.201(-0.017,0.417)

0.018(-0.021,0.056)
-0.012(-0.062,0.038)
0.080(-0.048,0.208)

0.184(0.051,0.317)
1.118(0.199,2.036)
0.280(-0.287,0.848)

- 0.484(-0.118,1.085)
L] 0.097(0.061,0.133)
- 0.134(0.082,0.186)
- 0.101(-0.007,0.209)
| ——— | 0.34(0.089,0.591)
-1.2 0 1.5 25

Beta's estimates

Notes: s and 95% Cls were generated by the median regression model after adjusting for age, sex, education level, physical activity, body mass index, fast plasma glucose,

high- and low-density lipoprotein cholesterol, and hypertension. PSQI, Pittsburgh Sleep Quality Index; MDS: Movement Disorder Society; PD: Parkinson’s disease.
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1.025(0.773, 1.360)

per one point increased 1.241(1.107, 1.391)
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Less than once a week vs Never 1.414(1.225, 1.633)
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1.030(0.859, 1.235)
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>7 vs >6~6.9 hours — 1.026(0.906,1.162)
5~6 vs >6~6.9 hours 1 1.076(0.914, 1.266)
<5 vs >6~6.9 hours — 1.204(0.788, 1.840)

Habitual Sleep Efficiency
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1.049(0.97, 1.133)

75~84% vs >85% - = 0.968(0.804, 1.166)
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per one point increased —_— 1.236(1.150, 1.328)
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0.5

OR's estimates
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Figure 2 A forest plot presenting the associations between individual PSQI components and an increased probability of prodromal PD.
Notes: ORs and 95% Cls were generated by a logistic regression model after adjusting for age, sex, education level, physical activity, body mass index, fast plasma glucose,
high- and low-density lipoprotein cholesterol, and hypertension. PSQI, Pittsburgh Sleep Quality Index; MDS: Movement Disorder Society; PD: Parkinson’s disease.
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(Supplementary Table S4). The association between sleep quality and prodromal PD observed in our study was unlikely

to be driven by sleep medications. We additionally examined but failed to observe a significant association between sleep
apnea and the probability of prodromal PD (all P > 0.05).

Discussion

In this community-based cohort study including more than 8000 Chinese adults aged over 50 years, we systemically
examined the associations between sleep characteristics and probability of prodromal PD. We found that poor nighttime
sleep quality was significantly associated with an increased probability of prodromal PD. Among the complicated aspects
of sleep quality, subjective sleep quality, sleep latency, habitual sleep efficiency, daytime dysfunction, and use of sleep
medications were also associated with the probability of prodromal PD. These associations were independent of age, sex,
lifestyle, and metabolic factors. Sleep may participate in the development and progress of PD through mechanisms
beyond these factors.

In line with our study, the association between sleep quality and probability of prodromal PD have also been observed
by prior studies. For example, two cross-sectional studies reported a similar magnitude of the association between sleep
quality and prodromal PD,'"'* using the same assessment of sleep quality with us. Another cross-sectional study
including 269 elderly adults used actigraphy as a measurement of sleep quality and found that greater sleep fragmentation
was associated with 1.43 times higher odds of substantial nigra neuron loss and 2.04 times higher odds of pathological
PD diagnosis.'? In addition to prodromal or clinical PD, a recent study including 536 Chinese adults free of PD reported
significant linear associations of the PSQI score and its components with total CSF a-syn levels,'® suggesting that sleep
quality was biologically linked to synucleinopathy. However, these studies were limited in sample size (n < 600) and did
not consider environmental and lifestyle confounders of PD risk such as smoking, pesticide exposure, and exercise. In
addition, the application of single biomarkers might not be able to capture the whole picture of prodromal PD diagnosis
in its early stage.?’ In the Rotterdam Study including over 7,000 individuals with a mean follow-up of 8.4 years, Lysen
et al found that individuals with baseline poor sleep quality, as was evaluated by PSQI in our study, were significantly
associated with increased risk of parkinsonism and PD only in the first 2 years but not subsequent 6 years in the follow-
up,'! indicating the impaired sleep quality could be a prodromal characteristic of PD instead of its etiology. Considering
that the outcome of our study was set for the early stage of disease progression, their findings were well in line with our
results indicating that poor sleep quality was associated with higher odds of prodromal PD.

Concerning specific components of PSQI, we found consistent results showing that the use of sleeping medications
and daytime dysfunction was related to 1.3-2.3 times higher odds of prodromal PD using two versions of criteria for
prodromal PD. Chronic use of sleeping medication was suggestive of insomnia, which added a 1.37-fold risk of future
PD regardless of common diseases and conditions.'® As for daytime dysfunction in PD, it is not restricted to daytime
sleepiness but also involves factors including daytime fatigability, anxiety, and depression.”’ Pal et al showed that
daytime dysfunction was somehow more explained by reduced enthusiasm rather than EDS in the PD population and the
component of the former score was more related to symptoms of depression.?' In line with the literature, depression is
a known predictor of prodromal PD'® and is used to assess the probability of prodromal PD. These findings suggested
a biological association between sleep quality and prodromal PD.

We also explored the sleep duration—PD relationship in our study. Previous studies on this topic generated inconsistent

87111322 with some showing that prolonged sleep duration was related to higher PD risk,*® while others reported that

findings,
shorter sleep duration contributed to the development of PD.'®'" However, these studies varied in study design (cross-
sectional*?? or prospective® '), enrolled participants (general population or female cohort®), or PD ascertainment (clinical
diagnosis,”!'** ICD code'® or PD biomarker'?). Moreover, none of these studies used prodromal PD as the outcome of interest.
In an early study by Gao et al, a U-shaped association was first noted between nighttime sleep duration and established PD cases
that were diagnosed before the sleep survey.?” Interestingly, the association disappeared for PD cases that were diagnosed >3
years after the survey (defined as prediagnostic PD). Their results, to some extent, indicated that excessive or insufficient
nighttime sleep duration could be symptoms after PD diagnosis but not an early feature in its prediagnostic stage. However, in
the Rotterdam study, Lysen et al showed that baseline and worsening shorter sleep duration were significantly related to

increased risk of parkinsonism and PD in the short run of their follow-up duration.'" Similar to their results, our findings, though
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not statistically significant, indeed showed that individuals with shorter sleep duration tend to have an 18%—26% higher odds of
prodromal PD, in comparison to those with 6—6.9/h of sleep per night. This might be interpreted that insufficient sleep may
potentially disturb the clearance of accumulated a-synuclein,” a vital component in PD pathology. Moreover, fragmentation
and deprivation of sleep might accelerate brain oxidative stress involved in models of PD pathogenesis.”* Because of
measurement errors and recall bias for self-reported duration, subjective and quantitative tools with adjustments for other
cofounders can be used in future research to confirm the relationship between sleep duration and PD development.

The strengths of our study include a comprehensive collection of known predictive markers, including lifestyle factors,
probable RBD, sniff test for olfactory loss, transcranial sonography for SN hyperintensity, etc, to calculate the probability of
prodromal PD on an individual level in a large-scale cohort. We applied two versions of criteria for prodromal PD to confirm the
robustness and generalizability of our findings.'>'” To understand the influence of different aspects of sleep, we also evaluated
both overall and separate PSQI components in association with prodromal PD probability and risk. Several limitations should be
noticed. First, we were not able to investigate the temporal association between sleep and prodromal PD because the current study
was cross-sectional. Second, misclassification may occur as the questionnaires for assessment of sleep and some other
confounding variables were self-reported. Residual confounding may also exist as other sleep habits such as napping or
sleepwalking, which were reported to increase PD risk, were not included in our study.?>*® Although tools such as polysomno-
graphy can provide more accurate results, these examinations may not be suitable for a large population-based epidemiological
study. The association between sleep quality and prodromal PD is warranted to be validated by objective sleep measures in future
studies. Third, the generalizability to other populations remains unclear as the current cohort was set in 24 communities in
southern China. Fourth, although it is unclear about the mechanisms underlying the association between sleep quality and PD,
proteostasis of some neurotoxic proteins may link sleep to prodromal PD. Impaired proteostasis and the resulting accumulation of
misfolded and aggregation-prone neurotoxic proteins,”’ including o-syn in PD, are common pathomechanisms of PD and this
protein has been associated with sleep quality.'* Whether sleep quality was associated with o-syn protein in our study population is
unclear. Fifth, the findings of the existing studies to date suggest a bidirectional association between sleep quality and PD.
Prospective longitudinal data are critical for deciphering the temporality and causality underneath the observed association
between them. However, we do not have such data currently, but the HABIT study is designed as a prospective longitudinal study.
Sixth, our study did not obtain some sleep habits such as napping and sleepwalking. Their potential contribution to prodromal PD
or influence on the association between sleep quality and prodromal PD is not clear.

In conclusion, presence of poor sleep quality was associated with a high probability of prodromal PD. Given the
commonality and significance of sleep disturbances in PD progression, attention to modifiable sleep habits may be
helpful for understanding and intervention in prodromal PD. Strategies for improving sleep quality may be applicable to
individuals at risk of PD. Prospective and trial studies are warranted to further test the role of sleep quality in the
prevention and treatment of PD.
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