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Object: Excessive daytime sleepiness (EDS) is common in Parkinson disease (PD), but the neural basis of EDS in PD is unclear. We aim to analyze the neural activity changes in PD-related EDS.

Methods: In the present study, 38 PD patients and 19 healthy controls underwent clinical assessments and resting state functional magnetic resonance imaging (MRI) at 3T. Patients were further classified into PD patients with EDS (n = 17) and PD patients without EDS (n = 21), according to the Epworth Sleepiness Scale (ESS) cutoff score with greater than 10 or less than 3. We evaluated all patients using PD-related motor and non-motor clinical scales. An analysis of covariance and post hoc two-sample t-tests were performed to examine between-groups differences of the amplitude of low-frequency fluctuations (ALFF) and functional connectivity (FC).

Results: We found that, all PD-EDS subjects in our study were male. Compared with the control subjects, PD patients with EDS had decreased ALFF in the Pons and increased ALFF in the Frontal_Mid_Orb_L (p < 0.01, corrected). Moreover, PD patients with EDS showed decreased ALFF in the left posterior cingulate cortex (PCC) relative to PD without EDS, which was negatively correlated with the ESS score (p < 0.001). After that, the FC analysis with the left PCC region of interest showed reduced FC of the right PCC and right precuneus in PD with EDS compared with PD without EDS (p < 0.01, corrected).

Conclusion: We hypothesized the wake-promoting pathways and the default mode network dysfunction underlying the EDS in male PD patients.
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INTRODUCTION

Excessive daytime sleepiness (EDS) is a common feature of Parkinson disease (PD). It manifests as unintentional or inappropriate sleep, namely, inability to stay awake during the day. A large proportion of patients with PD develop EDS with longer disease duration (Zhu et al., 2016), which contributes to poor quality of patients’ life and increases the risk of harm, such as traffic accidents (Weerkamp et al., 2013). Previous studies found that EDS is a separate manifestation of PD (Hoglund et al., 2015) and supported the hypothesis of EDS representing a form of primary insomnia. During last few decades, focus was drawn to EDS and its correlated factors in PD (Goldman et al., 2013; Zhu et al., 2016); however, current treatment options for EDS in PD are very limited (Rodrigues et al., 2016) and its pathogenesis is poorly understood.

In fact, regarding EDS in PD, several neuroimaging methods have been used to preliminarily explore cerebral changes, including structural magnetic resonance imaging (MRI) (Gama et al., 2010; Kato et al., 2012), diffusion tensor MRI (Matsui et al., 2006b; Chondrogiorgi et al., 2016), single photon emission computed tomography (SPECT) (Matsui et al., 2006a; Happe et al., 2007), and resting state-functional MRI (rs-fMRI) (Wen et al., 2016). Nevertheless, conflicting results existed among those researches due to the lack of healthy controls or the limitations of topical brain analysis.

Rs-fMRI, examining whole-brain spontaneous fluctuations in the blood oxygen level dependent (BOLD) signal of functional MRI without any explicit input or output, indirectly shows a manifestation of spontaneous neuronal activity (Fox and Raichle, 2007). For example, the amplitude of low-frequency fluctuations (ALFF) measures the spontaneous amplitude of low-frequency (0.01–0.08 Hz) BOLD signal at the local level (Yang et al., 2007); whereas, functional connectivity (FC) indicates inter-regional temporal patterns of the BOLD signal at the network level (Fox and Raichle, 2007). In recent years, they have been applied widely to the study of neuropathologic mechanisms (Rosazza and Minati, 2011; Lee et al., 2013).

In the present study, to address the association of EDS in PD patients and neural activity changes, we focused on rs-fMRI combining the ALFF with FC approaches.



MATERIALS AND METHODS


Participants

In total, 64 patients enrolled in the study were required to meet the following criteria: (1) meeting the diagnostic criteria for idiopathic PD according to the United Kingdom Parkinson Disease Society Brain Bank criteria; (2) without medical history of traumatic brain injury stroke, brain tumor, dementia, or psychiatric disorders; (3) without contraindications for MRI scan; (4) a Mini Mental State Examination (MMSE) score greater than 24; (5) not taking sedative and hypnotic medications; and (6) excluding sleep disorders such as insomnia, restless leg syndrome, narcolepsy, and obstructive sleep apnea that may contribute to EDS. Patients were recruited consecutively from the outpatients at our hospital, and were at first clinically evaluated by a neurologist, who is a trained movement disorder specialist and sensitized to psychiatric disorders in PD. Patients were also evaluated about sleep symptoms in a face-to-face interview and by the specific questionnaire, the Epworth Sleepiness Scale (ESS).

The ESS contains eight items with a score ranging from 0 to 24 that measure the subject’s expectation of dozing in eight daily situations within the past 3 months. This questionnaire, with satisfactory clinimetric results (validity, reliability, and sensitivity), is recommended by Movement Disorder Society for rating daytime sleepiness to categorize and measure severity (Hogl et al., 2010). Thus, we classified PD patients into PD patients with EDS (PD-EDS) (n = 17) with a ESS score of 10 or greater, and PD patients without EDS (PD-non-EDS) (n = 21) with a ESS score 3 or less (Johns, 1991; Hogl et al., 2010; Kato et al., 2012); Meanwhile, patients with ESS scores from 3 to 10 were excluded (n = 26).

Subsequently, we evaluated all patients using clinical scales. Motor-related assessments included the unified Parkinson disease rating scale (UPDRS-III) score, the postural instability and gait disorder (PIGD) score, the tremor score, and the Hoehn-Yahr (H-Y) staging score. Cognition-related assessments included the MMSE and the Frontal Assessment Battery (FAB). Other sleep assessments included the Parkinson’s Disease Sleep Scale (PDSS) and the REM Sleep Behavior Disorder Screening Questionnaire (RBDSQ). The Hamilton Anxiety Scale (HAMA) and the Hamilton Depression Scale (HAMD) were used to detect the severity of anxiety and depression separately. In addition, we calculated total levodopa-equivalent daily dose (LEDD), LEDD of levodopa preparations, and LEDD of dopamine receptor agonists of each PD patient according to the previous description (Tomlinson et al., 2010). MRI scans and clinical examinations took place while all patients had been anti-Parkinson free for at least 12 h. In addition, age- and education- matched control subjects (HC) (n = 19) were recruited for this study. None of these controls had any history of neurological or psychological disorders. The present study was approved by the ethics committee of our institution. Informed consent was obtained from all individual participants included in the study.



MRI Acquisition

MRI scanning was performed with a 3.0 T Siemens MAGNETOM Verio whole-body MRI system (Siemens Medical Solutions, Germany) equipped with eight-channel, phase-array head coils. We used tight foam padding to minimize head movement and ear-plugs for reducing noise. Subjects were instructed to remain motionless, think nothing and avoid falling asleep with our reminders. Three-dimensional T1-weighted anatomical images were acquired using the following volumetric 3D magnetization-prepared rapid gradient-echo (MP-RAGE) sequence (repetition time (TR) = 1900 ms, echo time (TE) = 2.95 ms, flip angle (FA) = 9°, slice thickness = 1 mm, slices = 160, field of view (FOV) = 230 × 230 mm2, matrix size = 256 × 256 and voxel size = 1 × 1 × 1 mm3). Resting-state functional images were collected using an echo-planar imaging (EPI) sequence (TR = 2000 ms, TE = 21 ms, FA = 90°, FOV = 256 × 256 mm2, in-plane matrix = 64 × 64, slices = 35, slice thickness = 3 mm, no slice gap, voxel size = 3 × 3 × 3 mm3, total 4 volumes = 240).



Data Processing

The data were analyzed using the data processing assistant for resting-state fMRI (DPARSF1) (Chao-Gan and Yu-Feng, 2010) with Statistical Parametric Mapping (SPM82). Steps included: (1) removal of the first 10 time points; (2) slice timing correction; (3) head motion correction via six-parameter rigid body spatial transformation during data acquisition; (4) non-linear registration of the high-resolution T1 structural images to the Montreal Neurological Institute (MNI) template, in which T1 structural images were segmented as white matter, gray matter, and cerebrospinal fluid using a new segment algorithm with DARTEL (diffeomorphic anatomical registration through exponentiated lie algebra), followed by further structural analyses of the resulting segments; (5) nuisance signal removal (white matter, cerebrospinal fluid, global signal, 6-head motion parameters as covariates) via multiple regression; (6) spatial normalization to the MNI template; (7) resampling of images into a spatial resolution of 3 × 3 × 3 mm3; and (8) spatial smoothening with a Gaussian kernel (full-width at half-maximum = 4 × 4 × 4 mm3). We excluded subjects from further analysis if the translation or rotation of head movement was greater than 2 mm or 2° in any direction.



ALFF Analysis

The ALFF calculation procedure was as follows: (1) fast Fourier transform (FFT) was used to convert all voxels from the time domain to the frequency domain; (2) the ALFF of every voxel was calculated by averaging the square root of the power spectrum across 0.01 Hz to 0.08 Hz; and (3) the resulting ALFF was converted into z-scores by subtracting the mean and dividing by the global standard deviation for standardization purposes.



FC Analysis

Before FC analysis, band-pass filtering (0.01 < f < 0.08 Hz) was performed and the linear trend was removed for weakening the linear drift of rs-fMRI signal time series. Then FC analysis was performed using the Resting-State fMRI Data Analysis Toolkit3. Based on the ALFF result, the region that showed significant difference between the PD-EDS and PD-non-EDS subject groups and correlation with ESS score was defined as the region of interest (ROI). After that, we performed a voxel-wise FC analysis by computing the temporal correlation between the mean time series of the ROI and the time series of each voxel within the brain. Pearson correlation coefficient maps were created for each individual subject and were converted to a z-value using the Fisher z transformation (Wang et al., 2018).



Statistical Analysis

The clinical data were analyzed using IBM SPSS statistics v20.0.0 software (SPSS, Chicago, IL, United States). We employed Fisher exact test for gender, as well as one-way analysis of variance (ANOVA) for age and gender and two-sample t tests for the remaining variables.

An analysis of covariance (ANCOVA) was performed to examine brain areas with significant differences among the three groups with age, gender, education, and gray matter volume as nuisance variables (voxel-level p < 0.01, cluster size >22 voxels, corresponding to a corrected p < 0.01 as determined by AlphaSim correction)4. These areas were then extracted as a mask. Next, we performed two-sample post hoc t tests within this mask to further detect significant differences between groups, controlling for the same covariates mentioned previously (voxel-level p < 0.01, cluster size >5 voxels, corresponding to a corrected p < 0.01 as determined by AlphaSim correction). Subsequently, we extracted the cluster showing significant ALFF difference between PD-EDS and PD-non-EDS groups and calculated the average ALFF value of which to explore the correlation with ESS score and PDSS score using the Pearson correlation, respectively (p < 0.01).

After that, we also conducted ANCOVA among three groups (voxel-level p < 0.01, cluster size >19 voxels, corresponding to a corrected p < 0.05 as determined by AlphaSim correction) and followed with a two-sample post hoc t test to explore the altered FC of the defined ROI between PD-EDS and PD-non-EDS subject groups (voxel-level p < 0.01, cluster size >3 voxels, corresponding to a corrected p < 0.01 as determined by AlphaSim correction). Besides, two sample t test was used to compare PD groups with healthy controls (the voxel-level p < 0.01, cluster size >18 voxels, corresponding to a corrected p < 0.01 as determined by AlphaSim correction). Age, gender, education, and gray matter volume were put into covariates as well.



RESULTS


Demographic and Clinical Characteristics

Table 1 presents the clinical characteristics of all subjects. We found no significant differences in age and education level among the PD-EDS, PD-non-EDS, and HC groups. However, all PD-EDS subjects in our study were male, and did not match with the other two groups. The PD-EDS and PD-non-EDS had similar disease duration, H-Y staging, UPDRS-III scores, PIGD scores, tremor scores and medication. In addition, there were no significant differences in non-motor symptoms such as RBDSQ scores, MMSE scores, FAB scores, HAMD scores and HAMA scores (p > 0.05). As we expected, the PD-EDS patients showed higher ESS scores and PDSS scores relative to the PD-non-EDS patients (p < 0.05).


TABLE 1. Demographic and clinical characteristics of all subjects.
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ALFF Data

Among the three study groups, significant ALFF differences were found in Cingulum_Post_L, Pons, and Frontal_Mid_Orb_L. Next, the PD-EDS group showed decreased ALFF in Cingulum_Post_L compared with the PD-non-EDS group. Interestingly, compared with HC, both PD-EDS and PD-non-EDS study groups showed decreased ALFF in pons and increased ALFF in Frontal_Mid_Orb_L, and PD-non-EDS subjects were overall lower (Table 2 and Figure 1a).


TABLE 2. ALFF and FC analysis via between-groups comparisons.
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FIGURE 1. Analysis of ALFF and FC data (a): Regions that showed significant ALFF differences via between-group comparisons (P < 0.01, AlphaSim corrected). (b) Correlation analysis between ESS scores and ALFF values of Cingulum_Post_L (P < 0.001). (c) Regions with which Cingulum_Post_L FC showed significant differences between PD-EDS and PD-non-EDS (P < 0.01, AlphaSim corrected). ALFF: The amplitude of low-frequency fluctuations; FC, Functional connectivity; PD-EDS, Parkinson disease with excessive daytime sleepiness; PD-non-EDS, Parkinson disease without excessive daytime sleepiness; HC, Healthy control subjects.


Figure 1b showed significantly negative correlation between ALFF values of Cingulum_Post_L and ESS scores in PD patients (r = −0.618, p < 0.001), but not with PDSS scores.



FC Data

Likewise, in performing the ANCOVA and two-sample post hoc t tests, the PD-EDS group showed decreased Cingulum_Post_L FC with Cingulum_Post_R and Precuneus_R as compared with the PD-non-EDS group (Table 2 and Figure 1c). Compared with healthy controls, PD subjects showed decreased FC between Cingulum_Post_L and Cerebelum_Crus1_L (Table 2).



DISCUSSION

In this study, we observed the association between EDS in PD and altered neural activity at two levels, with ALFF at the local level and FC at the network level. At first, the abnormal ALFF of PD-EDS compared to HC in the Pons and Frontal_Mid_Orb_L supported the hypothesis that the wake-promoting pathway deficits were associated with EDS in PD. Furthermore, reduced ALFF of the left posterior cingulate cortex (PCC) and its reduced FC with right PCC and right precuneus in PD-EDS relative to PD-non-EDS hinted at the abnormal default mode network (DMN, e.g., PCC, precuneus, inferior parietal lobe, medial prefrontal cortex) in PD-related EDS. It is worth noting that the PD-EDS groups in this study were all males, which were not matched with other groups. To minimize gender bias, gender was analyzed as a covariate in this study. Nevertheless, we should be cautious when interpreting neural activity changes of PD-EDS. The PD-EDS related neural activity changes in this study might only be applicable to male patients.

The Pons contain the wake-promoting neuronal populations, including the serotonergic neurons of dorsal raphe nucleus, the noradrenergic neurons of locus coeruleus, the cholinergic neurons of the pedunculopontine nucleus (PPN) (Koval’zon, 2011) and parafacial GABAergic/glycinergic neurons (Alam et al., 2018). In this regard, ascending projections from these main pontine wake-promoting neurons activate the thalamus, which in turn arouses the neurons in the cerebral cortex. In addition, the ascending reticular activating system exists in the reticular formation of the Pons. All these wake-promoting pathways contribute to the maintenance of wakefulness. Hence, reduced ALFF in the Pons in this study might result in sleep-wake state instability owing to disruption of wake-promoting pathways, eventually associated with manifestation of EDS in PD. Previously, Braak et al. (2003) proposed the hypothesis of ascending brain stem degeneration in early PD, involving some aforementioned non-dopaminergic brain stem nuclei, which could also propel our understanding of sleep dysfunction in PD.

Applying structural MRI with morphometry, local brain stem atrophy was found in connection with EDS in PD (Gama et al., 2010); however, another structural MRI using voxel-based morphometry showed extensive cortical and subcortical brain atrophy in PD-EDS (Kato et al., 2012). Moreover, an early SPECT study reported decreased regional cerebral blood flow of the cerebral cortex, but no significant differences in brain stem perfusion between PD-EDS and PD-non-EDS (Matsui et al., 2006a). The discrepancy in these results could be attributed to different neuroimaging approaches, analysis methods, or whether to control the confounding factors. Nevertheless, an analogous rs-fMRI study (Wen et al., 2016) applied regional homogeneity and FC analysis methods and the results were completely different from ours. It is attractive that they enrolled early drug naïve PD patients, but they did not use control subjects. We made the adjustment by recruiting healthy control subjects. Moreover, despite that our PD subjects were not drug naïve, the PD-EDS group and PD-non-EDS groups were well matched in drug usage and other possible EDS-related factors in our study. Thus, according to our results, we still speculated that EDS was associated with the impaired wake-promoting pathways in PD.

Notably, PD-EDS patients had worse nocturnal sleep problems as assessed by PDSS in our study, which was consistent with previous work (Zhu et al., 2016). However, PDSS scores in PD patients were not statistically correlated with left PCC ALFF values, which were significantly negatively correlated with ESS scores. Thus, the decreased left PCC ALFF was specific for PD-related EDS. Further, we found reduced left PCC FC with right PCC and adjacent right precuneus when PD-EDS were compared to PD-non-EDS. Interestingly, the precuneus/PCC is the key node in the DMN (Fransson and Marrelec, 2008); in other words, there is a strong interaction between the precuneus/PCC and the rest regions of the DMN. Therefore, neural activity reductions of the precuneus/PCC might lead to functional impairments of the DMN. Indeed, the DMN is responsible for a conscious awareness and introspective state in which people are awake and alert (Mak et al., 2017), and functional decoupling of the anterior and posterior DMN nodes could indicate the loss of conscious awareness during deep sleep (Tagliazucchi and Van Someren, 2017), which added support to the reduced FC of posterior DMN nodes occurring in ESD in the present study. This could be bolstered by a recent rs-fMRI study, which showed that daytime sleepiness in healthy subjects was associated with impaired FC in the DMN independent of age and brain structure (Ward et al., 2013). In addition, the PCC is considered to be responsible for arousal and attention and its interactions with other networks may be linked to conscious awareness (Leech and Sharp, 2014), supporting the association we found with EDS. However, converging evidence suggests that there are structural and functional abnormalities of the PCC and DMN in other neurological and psychiatric diseases, for instance, Alzheimer disease, attention deficit hyperactivity disorder, and mood disorders (Leech and Sharp, 2014; Mohan et al., 2016). Herein, the role of the DMN in PD-related EDS still requires further investigation in future work.

It is well known that the DMN is strongly related to internal cognitive modes (Buckner et al., 2008). Since decreased DMN connectivity is observed in amnestic mild cognitive impairment (Petrella et al., 2011) and Alzheimer disease dementia. DMN connectivity is also significantly decreased in subjects who are deeply asleep (Tagliazucchi and Van Someren, 2017), lightly sedated (Greicius et al., 2008), descending into sleep (Samann et al., 2011), as well as EDS (Ward et al., 2013). These results suggest that decreased DMN connectivity during the daytime may reflect a more “sleep-like” state in the brain. This may also indicate a neural mechanism by which EDS can result in cognitive impairment. In our study, although there was no statistically significant difference between PD-EDS group and PD-non-EDS group, the score of MMSE of PD-EDS group was lower than that of PD-non-EDS group. This implies an interesting relationship between cognitive impairment and EDS, thus further research is needed.

Several limitations are existed. First, the ESS is a subjective self-reported questionnaire. To promote the sensitivity of discriminating subjects with similar levels of sleepiness, we defined an ESS score of 10 or greater as PD-EDS and the ESS score of 3 or less as PD-non-EDS. Even so, the objective instruments such as the Multiple Sleep Latency Test and polysomnography should be applied in future work. Second, our study had a relatively small sample size and the gender was not well matched among the three subject groups. The reason why no female was found in the PD-EDS patients could be due to the inadequate sample size, but it could also be due to that male gender is indeed associated with higher ESS score (Zhu et al., 2016). We think that the female PD-EDS will be enrolled if the sample size was further enlarged. It is necessary to enlarge the sample size to prove the universality of the results in all genders, or to further analyze neural activity differences between male and female PD-EDS. Besides, to minimize bias, gender was analyzed as a covariate. Third, we interpreted the results cautiously owing to the rs-fMRI methodology per se, and the hypothesis that we proposed about the probable neural mechanism in PD related EDS should be verified by animal experiments.



CONCLUSION

In conclusion, our rs-fMRI study hypothesized the probable mechanism of the wake-promoting pathways and the DMN dysfunction underlying the EDS in male PD patients. It improved the understanding of this issue.



DATA AVAILABILITY STATEMENT

The datasets generated for this article are available on request to the corresponding author, or directly at w15895820585@163.com.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of The First Affiliated Hospital of Nanjing Medical University. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

MW was responsible for imaging data acquisition. XW, JL, and YS were responsible for clinical data collection and assessing scales. XW conducted the data analysis and wrote the manuscript. KZ and YY were responsible for experiment guidance, supervision, and article modification.



FUNDING

This study was funded by the National Natural Science Foundation of China (Nos. 81671258 and 81901297); the Science and Technology Project of Jiangsu Provincial Commission of Health and Family Planning (No. H201602); the Project Funded by the Priority Academic Program Development of Jiangsu Higher Education Institutions (PAPD); and the Science and Technology Project of Jiangsu Bureau of Traditional Chinese Medicine (No. YB2015163).


FOOTNOTES

1
http://www.restfmri.net/forum/dparsf

2
http://www.fil.ion.ucl.ac.uk

3
http://restfmri.net/forum/REST

4
http://afni.nimh.nih.gov/pub/dist/doc/manual/AlphaSim.pdf

REFERENCES

Alam, M. A., Kostin, A., Siegel, J., Mcginty, D., Szymusiak, R., and Alam, M. N. (2018). Characteristics of sleep-active neurons in the medullary parafacial zone in rats. Sleep 41:130. doi: 10.1093/sleep/zsy130

Braak, H., Del Tredici, K., Rub, U., De Vos, R. A., Jansen Steur, E. N., and Braak, E. (2003). Staging of brain pathology related to sporadic Parkinson’s disease. Neurobiol. Aging 24, 197–211. doi: 10.1016/s0197-4580(02)00065-9

Buckner, R. L., Andrews-Hanna, J. R., and Schacter, D. L. (2008). The brain’s default network: anatomy, function, and relevance to disease. Ann. N. Y. Acad. Sci. 1124, 1–38. doi: 10.1196/annals.1440.011

Chao-Gan, Y., and Yu-Feng, Z. (2010). DPARSF: a MATLAB toolbox for “Pipeline” data analysis of resting-state fMRI. Front. Syst. Neurosci. 4:13. doi: 10.3389/fnsys.2010.00013

Chondrogiorgi, M., Tzarouchi, L. C., Zikou, A. K., Astrakas, L. G., Kosta, P., Argyropoulou, M. I., et al. (2016). Multimodal imaging evaluation of excessive daytime sleepiness in Parkinson’s disease. Int. J. Neurosci. 126, 422–428. doi: 10.3109/00207454.2015.1023437

Fox, M. D., and Raichle, M. E. (2007). Spontaneous fluctuations in brain activity observed with functional magnetic resonance imaging. Nat. Rev. Neurosci. 8, 700–711. doi: 10.1038/nrn2201

Fransson, P., and Marrelec, G. (2008). The precuneus/posterior cingulate cortex plays a pivotal role in the default mode network: evidence from a partial correlation network analysis. Neuroimage 42, 1178–1184. doi: 10.1016/j.neuroimage.2008.05.059

Gama, R. L., Tavora, D. G., Bomfim, R. C., Silva, C. E., De Bruin, V. M., and De Bruin, P. F. (2010). Sleep disturbances and brain MRI morphometry in Parkinson’s disease, multiple system atrophy and progressive supranuclear palsy - a comparative study. Parkinsonism. Relat. Disord. 16, 275–279. doi: 10.1016/j.parkreldis.2010.01.002

Goldman, J. G., Ghode, R. A., Ouyang, B., Bernard, B., Goetz, C. G., and Stebbins, G. T. (2013). Dissociations among daytime sleepiness, nighttime sleep, and cognitive status in Parkinson’s disease. Parkinsonism. Relat. Disord. 19, 806–811. doi: 10.1016/j.parkreldis.2013.05.006

Greicius, M. D., Kiviniemi, V., Tervonen, O., Vainionpaa, V., Alahuhta, S., Reiss, A. L., et al. (2008). Persistent default-mode network connectivity during light sedation. Hum. Brain Mapp. 29, 839–847. doi: 10.1002/hbm.20537

Happe, S., Baier, P. C., Helmschmied, K., Meller, J., Tatsch, K., and Paulus, W. (2007). Association of daytime sleepiness with nigrostriatal dopaminergic degeneration in early Parkinson’s disease. J. Neurol. 254, 1037–1043. doi: 10.1007/s00415-006-0483-486

Hogl, B., Arnulf, I., Comella, C., Ferreira, J., Iranzo, A., Tilley, B., et al. (2010). Scales to assess sleep impairment in Parkinson’s disease: critique and recommendations. Mov. Disord. 25, 2704–2716. doi: 10.1002/mds.23190

Hoglund, A., Broman, J. E., Palhagen, S., Fredrikson, S., and Hagell, P. (2015). Is excessive daytime sleepiness a separate manifestation in Parkinson’s disease? Acta Neurol. Scand. 132, 97–104. doi: 10.1111/ane.12378

Johns, M. W. (1991). A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep 14, 540–545. doi: 10.1093/sleep/14.6.540

Kato, S., Watanabe, H., Senda, J., Hirayama, M., Ito, M., Atsuta, N., et al. (2012). Widespread cortical and subcortical brain atrophy in Parkinson’s disease with excessive daytime sleepiness. J. Neurol. 259, 318–326. doi: 10.1007/s00415-011-6187-6186

Koval’zon, V. M. (2011). Central mechanisms of the sleep-wakefulness cycle control. Hum. Physiol. 37, 500–508. doi: 10.1134/s0362119711040116

Lee, M. H., Smyser, C. D., and Shimony, J. S. (2013). Resting-state fMRI: a review of methods and clinical applications. AJNR Am. J. Neuroradiol. 34, 1866–1872. doi: 10.3174/ajnr.A3263

Leech, R., and Sharp, D. J. (2014). The role of the posterior cingulate cortex in cognition and disease. Brain 137, 12–32. doi: 10.1093/brain/awt162

Mak, L. E., Minuzzi, L., Macqueen, G., Hall, G., Kennedy, S. H., and Milev, R. (2017). The default mode network in healthy individuals: a systematic review and meta-analysis. Brain Connect 7, 25–33. doi: 10.1089/brain.2016.0438

Matsui, H., Nishinaka, K., Oda, M., Hara, N., Komatsu, K., Kubori, T., et al. (2006a). Excessive daytime sleepiness in Parkinson disease: a SPECT study. Sleep 29, 917–920. doi: 10.1093/sleep/29.7.917

Matsui, H., Nishinaka, K., Oda, M., Niikawa, H., Komatsu, K., Kubori, T., et al. (2006b). Disruptions of the fornix fiber in Parkinsonian patients with excessive daytime sleepiness. Parkinsonism. Relat. Disord. 12, 319–322. doi: 10.1016/j.parkreldis.2006.01.007

Mohan, A., Roberto, A. J., Mohan, A., Lorenzo, A., Jones, K., Carney, M. J., et al. (2016). The significance of the default mode network (DMN) in neurological and neuropsychiatric disorders: a review. Yale J. Biol. Med. 89, 49–57.

Petrella, J. R., Sheldon, F. C., Prince, S. E., Calhoun, V. D., and Doraiswamy, P. M. (2011). Default mode network connectivity in stable vs progressive mild cognitive impairment. Neurology 76, 511–517. doi: 10.1212/WNL.0b013e31820af94e

Rodrigues, T. M., Castro Caldas, A., and Ferreira, J. J. (2016). Pharmacological interventions for daytime sleepiness and sleep disorders in Parkinson’s disease: systematic review and meta-analysis. Parkinsonism. Relat. Disord. 27, 25–34. doi: 10.1016/j.parkreldis.2016.03.002

Rosazza, C., and Minati, L. (2011). Resting-state brain networks: literature review and clinical applications. Neurol. Sci. 32, 773–785. doi: 10.1007/s10072-011-0636-y

Samann, P. G., Wehrle, R., Hoehn, D., Spoormaker, V. I., Peters, H., Tully, C., et al. (2011). Development of the brain’s default mode network from wakefulness to slow wave sleep. Cereb. Cortex 21, 2082–2093. doi: 10.1093/cercor/bhq295

Tagliazucchi, E., and Van Someren, E. J. W. (2017). The large-scale functional connectivity correlates of consciousness and arousal during the healthy and pathological human sleep cycle. Neuroimage 160, 55–72. doi: 10.1016/j.neuroimage.2017.06.026

Tomlinson, C. L., Stowe, R., Patel, S., Rick, C., Gray, R., and Clarke, C. E. (2010). Systematic review of levodopa dose equivalency reporting in Parkinson’s disease. Mov. Disord. 25, 2649–2653. doi: 10.1002/mds.23429

Wang, X., Li, J., Wang, M., Yuan, Y., Zhu, L., Shen, Y., et al. (2018). Alterations of the amplitude of low-frequency fluctuations in anxiety in Parkinson’s disease. Neurosci. Lett. 668, 19–23. doi: 10.1016/j.neulet.2018.01.010

Ward, A. M., Mclaren, D. G., Schultz, A. P., Chhatwal, J., Boot, B. P., Hedden, T., et al. (2013). Daytime sleepiness is associated with decreased default mode network connectivity in both young and cognitively intact elderly subjects. Sleep 36, 1609–1615. doi: 10.5665/sleep.3108

Weerkamp, N. J., Tissingh, G., Poels, P. J., Zuidema, S. U., Munneke, M., Koopmans, R. T., et al. (2013). Nonmotor symptoms in nursing home residents with Parkinson’s disease: prevalence and effect on quality of life. J. Am. Geriatr. Soc. 61, 1714–1721. doi: 10.1111/jgs.12458

Wen, M. C., Ng, S. Y., Heng, H. S., Chao, Y. X., Chan, L. L., Tan, E. K., et al. (2016). Neural substrates of excessive daytime sleepiness in early drug naive Parkinson’s disease: a resting state functional MRI study. Parkinsonism. Relat. Disord. 24, 63–68. doi: 10.1016/j.parkreldis.2016.01.012

Yang, H., Long, X. Y., Yang, Y., Yan, H., Zhu, C. Z., Zhou, X. P., et al. (2007). Amplitude of low frequency fluctuation within visual areas revealed by resting-state functional MRI. Neuroimage 36, 144–152. doi: 10.1016/j.neuroimage.2007.01.054

Zhu, K., Van Hilten, J. J., and Marinus, J. (2016). Course and risk factors for excessive daytime sleepiness in Parkinson’s disease. Parkinsonism. Relat. Disord. 24, 34–40. doi: 10.1016/j.parkreldis.2016.01.020


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Wang, Wang, Yuan, Li, Shen and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fnins-14-00029-t002.jpg
Brain areas (AAL) Cluster MINI V4
size coordinate value

ALFF analysis

PD-EDS VS. PD-non-EDS

Cingulum_Post_L 22 -3 —51 27 —4.141*
PD-EDS VS. HC

Pons 14 3 —15 —27  -3.768*
Frontal_Mid_Orb_L 66 -30 45 -12 5.761*
PD-non-EDS VS. HC

Pons 65 3 -156 =27  —-5.065*
Frontal_Mid_Orb_L 7 —24 33 -15 3.499*
FC analysis

Cingulum_Post_L as the ROI
PD-EDS VS. PD-non-EDS

Cingulum_Post_R, extending to 14 3 —42 15 —4.231*
Precuneus_R

PD VS. HC

Cerebelum_Crus1_L 43 —-21 —81 —21 —3.622

*ANCOVA and post hoc two-sample t-tests with age, gender, education and
gray matter volume as covariates were performed to examine between-groups
differences of the ALFF and FC. ALFF, The amplitude of low-frequency fluctua-
tions; FC, Functional connectivity; MNI, Montreal Neurological Institute; PD-EDS,
Parkinson’s disease with excessive daytime sleepiness; PD-non-EDS, Parkinson’s
disease without excessive daytime sleepiness; HC, Healthy controls. The ALFF
results are displayed at p < 0.01 corrected by AlphaSim, cluster size >5 voxels; the
FC results are displayed at p < 0.01 corrected by AlphaSim, cluster size >3 voxels.





OPS/images/fnins-14-00029-t001.jpg
PD-EDS PD-non-EDS HC P

(n=17) (n =21) (n=19) value
Gender (M/F) 17/0 12/9 8/11 <0.001*
Age (y) 70.18 + 6.66 66.05 + 7.28 65.37 £ 4.67 0.058
Education 12.06 + 4.58 11.38 £3.20 11.68 £4.16 0.872
duration (y)
Disease 5.26 + 3.33 4.03+3.25 0.256
duration (y)
H&Y staging 1.88 +£ 0.49 1.90 +£ 0.44 0.882
UPDRS-III 26.35 +7.94 20.52 + 11.06 0.076
score
PIGD score 6.76 £ 4.72 6.00 & 4.54 0.615
Tremor score 453 +£2.72 3.57 £2.80 0,295
Total LEDD 491.59 £ 247.04  359.00 £ 269.41 0.126
(mg/d)
LEDD of DA 54.94 + 46.40 42.33 +48.00 0.419
(mg/d)
LEDD of LP 366.18 + 198.42 240.48 £ 211.91 0.070
(mg/d)
ESS score 11.63 £ 1.38 1.62 £ 1.07 <0.001*
PDSS score 25.41 £14.79 14.86 £ 8.73 0.016*
RBDSQ score 3.00 +3.18 2.90 +2.88 0.923
MMSE score 27.53 +1.33 28.38 + 1.36 0.060
FAB score 16.71 £1.657 15.67 £ 1.96 0.947
HAMD score 7.71 £6.78 5.57 + 4.69 0.260
HAMA score 10.41 £6.76 8.57 + 6.39 0.395

Data are presented as mean + SD. PD-EDS, Parkinson’s disease with excessive
daytime sleepiness; PD-non-EDS, Parkinson’s disease without excessive daytime
sleepiness; HC, Healthy controls; M, Male; F, Female; y, Year; H&Y, Hoehn and
Yahr; UPDRS, Unified Parkinson’s Disease Rating Scale; PIGD, Posterior instabil-
ity and gait disturbance; LEDD, Levodopa equivalent daily dose; DA, Dopamine
receptor agonists; LR Levodopa preparations; ESS, Epworth Sleepiness Scale;
PDSS, Parkinson’s disease sleep scale; RBDSQ, REM sleep behavior disorder
screening questionnaire; MMSE, Mini Mental State Examination;, FAB, Frontal
Assessment Battery; HAMD, 17-item Hamilton Depression Rating Scale; HAMA,
Hamilton Anxiety Rating Scale. *P < 0.05 was considered significant.





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Altered Amplitude of Low-Frequency Fluctuations and Functional Connectivity in Excessive Daytime Sleepiness in Parkinson Disease



		INTRODUCTION



		MATERIALS AND METHODS



		Participants



		MRI Acquisition



		Data Processing



		ALFF Analysis



		FC Analysis



		Statistical Analysis







		RESULTS



		Demographic and Clinical Characteristics



		ALFF Data



		FC Data







		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		FOOTNOTES



		REFERENCES

















OPS/images/fnins-14-00029-g001.jpg
a. ALFF analysis

PD-EDS VS HC

PD--nonEDS VS HC

PD-EDS vs PD-nonEDS

c. FC analysis

PD-EDS vs PD-nonEDS

-6

o
=
(]
>
w
w
4
<

ESS score

10






OPS/images/cover.jpg
, frontiers
In Neuroscience

Altered Amplitude
of Low-Frequency Fluctuations
and Functional Connectivity
in Excessive Daytime Sleepiness
in Parkinson Disease









OPS/images/logo.jpg
' frontiers

in Neuroscience





