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Abstract

Introduction: Autonomic dysfunction is common in a-synucleinopathies such as Lewy Body
dementias (LBD), Parkinson’s disease (PD), and isolated REM Sleep Behavior Disorder (iRBD).
We analyzed pulse-rate changes during sleep to index autonomic nervous system (ANS)
dysfunction in patients with a-synucleinopathies vs. non-synucleinopathy groups expected to have
normal ANS function.

Methods: Patients with LBD (n=16), PD (PD, n=14) or iRBD (n=12) were compared to

the non-synucleinopathy groups Alzheimers disease dementia (ADem, n=26), mild cognitive
impairment (MCI, n=34) or controls (CG, n=54). Sleep Profiler was used to derive a sleep
autonomic activation index (AAl), i.e., =6 beat-per-minute increase/decrease, pulse rate coefficient
of variation (PR-CV), and automated sleep staging with sleep-spindles and non-REM hypertonia
(NRH). Analysis included statistical group comparisons and receiver operating characteristics
curves to determine optimal classification of groups.

Results: AAl and PR-CV were moderately correlated across all recordings (r¢=0.58, P<0.0001),
except in the LBD and PD groups. AAI but not PR-CV differentiated the LBD, PD and iRBD
from non-Parkinsonian groups. AAI was decreased in LBD and PD patients compared to the CG
(p<0.003) and MCI (p<0.03). AAI decreased based on age and its receiver operating characteristic
area under the curve ranged from 0.63 to 0.75. AAI had a weak negative correlation to NRH
(r<-0.26) but not sleep-spindles.

Conclusion: Synucleinopathy-related ANS dysfunction can reasonably discriminate prodromal
and manifest PD/LBD diseased groups from non-synucleinopathies. Further studies incorporating
AAL into a multivariate classifier of neurodegenerative disorders based on sleep characteristics
acquired in the patient’s home are planned.

Keywords

Autonomic dysfunction; Parkinsonian disorders; Alzheimer’s disease dementia; sleep;
neurodegenerative disorder

Introduction:

The a-synucleinopathies including Parkinson’s disease (PD), Dementia with Lewy bodies
(DLB) and multiple system atrophy (MSA) are a group of neurodegenerative disorders

(NDD) characterized by abnormal accumulation of aggregates of alpha-synuclein, a synaptic

protein in neurons and glial cells. These disorders share features of parkinsonism, impaired
cognition, fluctuation, prominent sleep disorders and variable other neuropsychiatric
symptoms including visual hallucinations.
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An important feature of a-synucleinopathies is autonomic nervous system (ANS)
dysfunction caused by the functional or structural impairment of peripheral nerves of the
ANS, and/or the central autonomic network [1, 2]. Although ANS dysfunction can be
manifested in various a-synucleinopathies in any stage of the disease, ANS dysfunction can
precede or follow other characteristic motor or cognitive symptoms. For example, attenuated
heart rate variability (HRV) is an objective measurement of ANS dysfunction found in
a-synucleinopathies and may manifest in prodromal stages, especially in isolated rapid eye
movement (REM) sleep behavior disorder (iRBD) [3-5]. Specifically, abnormal sympathetic
nervous activity has been reported in both wakefulness and sleep in these conditions [4].
Sympathetic surge may be observed with any interruption of sleep, including spontaneous,
respiratory, or movement-related microarousals [6,7]. Pulse rate change occurring in sleep is
an indirect marker of sympathetic response. Thus, abnormal pulse rate change during sleep
could be another indicator of ANS dysfunction. We recently demonstrated that pulse rate
variability associated with sleep apnea events discriminated ANS dysfunction in patients
with multiple system atrophy from controls [8].

Previously, our consortium identified two sleep biomarkers, sleep spindle duration and non-
REM hypertonia (NRH), which distinguished patients with Parkinsonian spectrum disorders
from other non-synucleinopathy neurodegenerative disorders [9,10]. The objective of this
study was to examine ANS dysfunction across a spectrum of a-synucleinopathy phenotypes
in the prodromal and manifest stages, as compared to presumed neurodegenerative disorder
groups without suspected synucleinopathy expected to have normal ANS functioning [11].
We hypothesized that pulse rate changes are more attenuated in a-synucleinopathies than in
Alzheimer’s dementia (ADem) and controls.

Participants:

To participate in the study, participants provided informed consent in accordance with the
Declaration of Helsinki. Local institutional review boards approved the study protocol for
human subjects research at six participating centers.

Patients broadly characterized as presumed Parkinsonian spectrum disorders including Lewy
body dementia (LBD, i.e., DLB or PD dementia, n=20), Parkinson disease (PD, n=14), and
isolated REM sleep behavior disorder (iRBD, n=15) were compared with non-Parkinsonian
groups that included ADem (n=27), mild cognitive impairment (MCI, n=37), and a control
group (CG, n=58). Selection criteria for the LBD, PD, ADem, MCI and CG groups was
described previously [10]. The iRBD group includes patients with a history of dream
enactment behavior with REM sleep without atonia confirmed by polysomnography. Further
inclusion criteria required at least one night with pulse quality = 70% of recording time
and/or not receiving beta blockers or non-dihydropyridine calcium channel blockers. As a
result, 15 available records were rejected (PD=2, ADem=2, MCI=4, iRBD=4, CG=3).
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Recordings:

Sleep Profiler (SP) recordings were acquired from EEG sensor sites AF7-AF8, AF7-Fpz
and AF8-Fpz (Advanced Brain Monitoring, Carlsbad, CA, USA) with self-application

in all participants, except those with RBD, who were studied simultaneously during
in-laboratory PSG. The SP records were auto-staged using within-epoch temporal power
spectral characterization with combined detection of individual slow waves, sleep spindles
and cortical arousals, followed by technical review for final sleep stage assignments [7].

SP measured the pulse rate from the forehead using a reflectance emitter and detector,
sampled at 100 Hz, low and high pass filtered prior to extraction of the beat-to-beat
intervals, which were four-beat weight averaged, and interpolated to 1 Hz values [7].

Autonomic activation was based on the detection of > 6 beat per minute (BPM) increase
and/or decrease compared to the previous and/or subsequent 10t second. AAI The
autonomic activation index (AAl) reflected the number of events detected per hour of sleep.
The AAI was described, and an abnormal threshold selected (i.e., 11.4 events/h) based on 48
healthy controls with ages ranging from 24 — 89 years [7]. For this proof-of-concept study,
characterization of blunted AAI was empirically set to <10 events per hour of sleep.

The pulse rate coefficient of variation (PR-CV) was computed by dividing the standard
deviation of the pulse rate by the mean pulse rate across epochs staged as sleep. The blunted
PR-CV threshold (< 0.055) was empirically selected to optimize the area under the curve
(AUC).

Sleep spindles were auto-detected based on temporal excursions in the absolute and relative
sigma power in combination with simultaneous bursts of alpha power of at least 250
milliseconds. During the sigma and alpha power bursts, the beta and EMG power were
tested to ensure relative suppression. Spindle lengths were restricted to 0.5-to 3.0-sec in
length and spindle duration reflected the sum of all spindle lengths [9].

NRH was auto-detected based on previously described patterns of persistently elevated
electromyographic (EMG) power relative to delta, theta, and sigma bands [10]. Variability
thresholds were applied across a minimum of four consecutive 30-sec epochs to ensure
EMG bursts attributed to sleep-disordered breathing arousals were not mischaracterized as
NRH. The percent-time NRH was based solely on auto-detected blocks. No edits were made
to add or remove NRH.

Data Analysis:

The sleep and heart rate measures were averaged across nights with weighting based

on the total sleep time per night. When applicable, LBD, PD and iRBD patients were
combined into the Parkinsonian spectrum disorders (PSD) group, while the ADem, MCI
and CG were included in the non-Parkinsonian group (non-PSD). One-way Analysis of
Variance (ANOVA) and multiple logistic regressions were used to test the capability for
group differentiation. Pairwise group differences in demographic, sleep, and autonomic
regulation measures were assessed using Mann-Whitney U tests. Between group differences
in the distributions in blunted autonomic regulation were measured with Chi-square and

Parkinsonism Relat Disord. Author manuscript; available in PMC 2024 December 01.
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Fisher exact probability tests. Spearman ranked correlations were used to assess across-
group associations between AAI and PR-CV, and to evaluate the association between the
AAI values vs. spindle duration and NRH. For individual variable pairwise comparisons,
statistical significance was set at A<0.03 using a Bonferroni correction. The areas under the
curve (AUC) derived from receiver operating characteristic curve plots were used to evaluate
the capability of blunted AAI to characterize group differences.

The demographic, sleep and heart rate metrics are presented in Table 1. Based on one-way
ANOVA differences were observed between PSD and non-PSD groups for AAI, PR-CV,
REM time and NRH (all p<0.01) and for age, REM time, and NRH (p<0.0001) across the
Six groups.

The ADem group was older than the PD, CG, iRBD (all p<0.01), LBD and MCI (both
p<0.025). The CG was younger than the LBD and MCI groups (p<0.01). The iRBD group
exhibited less NREM sleep time compared to LBD, ADem, and MCI (all p<0.025) patients.
LBD patients exhibited less REM time vs. the PD, iRBD, ADem, MCI and CG groups (all
P<0.025). ADem had less REM time compared to the CG (p<0.01) and MCI (p<0.025).

The AAI values for the LBD and PD patients were decreased compared to the CG (p<0.003)
and MCI (p<0.03) while the PR-CVs were lower in the PD patients compared to CG and
ADem (both p<0.02).

A moderate correlation was observed between the AAI and PR-CV across all groups
(r~0.58, p<0.0001), with group associations ranging from LBD (7,=0.69, p<0.005), MCI
(r=0.68, p<0.0001), ADem (rs=0.58, p=0.01), iRBD (r&=0.53, p=0.077), CG (rs=0.49,
p=0.0005), and PD (rs=0.28, p=0.33).

Using multiple logistic regression, sex (p=0.02) and AAI (p<0.025) but not age (p=0.08)
or CV-PR (p=0.24) distinguished those with a Parkinsonian spectrum disorder from non-
Parkinsonian groups. A second regression model determined age (p=0.039) rather than sex
(p=0.68) predicted blunted AAI using the <10 events/h threshold.

With blunted AAI, the ROC-AUC values achieved specificity of 0.87 with (AUC,
sensitivity) for each group contrast: CG vs. LBD (0.75, 0.63), CG vs. LBD+PD (0.72,
0.57), and CG vs. LBD+PD+iRBD (0.70, 0.52). A slightly less robust specificity of 0.73
with (AUC, sensitivity) was observed for contrasts between AD vs. LBD (0.68, 0.63), CG
vs. LBD+PD (0.65, 0.57), and CG vs. LBD+PD+iRBD (0.63, 0.52).

Figure 1 presents the proportions of cases with blunted AAI values for each group. The
proportion of the blunted AAI was greatest in LBD patients (63%), and greater than ADem
(27%) and MCI (29%)(p<0.05) and CG (13%, p<0.0002), while AAI in CG was less than
the PD (50%, p<0.006) and iRBD (42%, p<0.05).

A weak negative association was observed between AAI and percent time NRH (r,=-0.26,
p<0.002) but not between AAI and spindle duration (75=0.14, p<0.072).
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Discussion:

Our study demonstrated that synucleinopathy-related ANS dysfunction can be indexed

by high resolution forehead-based reflectance pulse rate signals. As expected, the

AAI characterized ANS dysfunction in the Parkinsonian spectrum disorder groups and
distinguished LBD and PD from MCI and CG. AAI appeared to be relatively independent of
spindle duration and non-REM hypertonia sleep, two previously identified biomarkers that
appear capable of differentiating PSD from non-PSD groups and/or patients with dementia.

The decrease in AAI sensitivity in detection of ANS dysfunction when PD and then
iRBD cases were included with the LBD was likely due to variability in the expression
of compromised ANS dysfunction in patients between the prodromal iRBD and manifest
PD stages of disease. Further characterization of the severity and temporal emergence

of autonomic insufficiency through the Lewy body disease spectrum by prospective
longitudinal cohort studies is needed.

The night-to-night stability of AAI, differences during REM and NREM consistent

with low- to high-frequency heart rate variability, and the influence of antihypertensive
medications in a cohort of insomnia patients with a range of comorbidities and medications
were previously described [7]. The previously suggested threshold for blunted AAI (i.e.,
11.4 events/h) was reduced to <10 in this proof-of-concept study to adjust for a CG that

was older with no controls for comorbidities and non-hypertensive medications. Our finding
that age was associated with suppressed cardiovascular responses to microarousals during
sleep was consistent with what Goff et al. reported in healthy subjects [12]. Disproportionate
distributions of males and females in the CG and LBD groups limited our ability to draw
conclusions related to a potential interaction between sex, group and ANS dysfunction.

Lower REM sleep in the LBD patients limited our ability to apply conventional heart rate
variability frequency windows and evaluate group parasympathetic and sympathetic nervous
system activity differences between non-REM and REM sleep [7]. Our study was also
limited by lack of assessment for obstructive sleep apnea (OSA) which could contribute to
pulse rate variability. Group-wise differences between LBD and PD vs. CG remained after
six CG cases (10%) with AAI values =60 events/h were excluded. Additionally, AAI outliers
would not have impacted the AUC measures associated with lower values. Further research
is needed to fully characterize potential covariates and confounding influences on AAI in
OSA and periodic limb movements of sleep.

This study was limited in that the number of subjects in each of the NDD groups were
relatively small and without control for non-antihypertensive medications and comorbidities.
Acquisition of independent data sets with a longitudinal component is currently underway to
provide cross validation of these findings.

Conclusions:

Our findings demonstrate that the AAI may be useful to characterize autonomic dysfunction
and differentiate Parkinsonian spectrum disorders from other neurodegenerative phenotypic
groups. The association between the AAI values and previously validated SP biomarkers

Parkinsonism Relat Disord. Author manuscript; available in PMC 2024 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Choetal.

Page 7

non-REM hypertonia and sleep spindles was limited, suggesting that each of these three
sleep biomarkers may independently differentiate LBD, PD and iRBD from ADem and CG.
These findings support development of machine learning algorithms using these and other
sleep biomarkers that could more fully characterize neurodegenerative disorder groups and
shed light on disease trajectory longitudinally.
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Highlights:
. The autonomic activation index (AAI) detects sharp changes in pulse rate
. The AAI is generally blunted in patients with Parkinsonian spectrum
disorders
. The proportion with blunted AALI is consistent with disease progression
. AAI during sleep is unrelated to sleep spindles

. AAL is weakly negatively correlated with non-REM hypertonia (NRH)
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Distributions of blunted AAI values by group: LBD=Lewy body dementia, PD=Parkinson
disease, iRBD=isolated REM sleep behavior disorder, ADem=Alzheimers disease dementia,
MCI=mild cognitive impairment, CG=control group.

Parkinsonism Relat Disord. Author manuscript; available in PMC 2024 December 01.



Page 10

Choetal.

(1T00°0>) €'TT €GFTE 8y ¥8¢ TYF0€ €ETF.LVT TOTF80T VETFLVYT (T00°0>) €5 6YFEE  TITFVET awn daals 9% ‘HIN
(2100 92T rII1¥88 66FT9 99F/.€ 0EFLT §9F2§ S6FO0Y (ooT'0) €L TOTF69 TLF0F  ulw ‘uonelnp sjpuids
(€200) 692 80F0§ TTFES ZTFVS IV 60F2G 9TFG§ (91%°0) 99°0 0TF2CS vTF0G oy ‘WIAN

(1T00°0>) ST'9 YOFET GOFET 70F0T 60F2T 90F0T 90F90 (T00°0) L0°'TT G0FCT L'0F60 noy ‘W3

81N19911Yd4y das|S
(6TT°0) 82T 68FTV9 ¥.F¥ST9 G9F985 GLFGC9 TL¥809 LBFETY (£89°0) 9T°0 T8FTC9 LLFSTY INdQ ‘a1el 8s|nd
(8YT°0) 99T 0CZFTL 0Z¥F69 8T¥69 9TFG9 0T¥8'S 0ZF09 (800°0) 622 6TF0L 9TFT9 % ‘AO-4d
(1900) 9T'Z G6T¥8GC 08TF6TZ V6IF9TZ 9ETF08T 8YIFSZT LETF8CT (v00°0) €28 06TFL€C 6ETFTVI oy ‘Ivv
SaAnses|N a1ey 14eaH

(100°0>) €29 98FCY9 98F869 O0LFL¥. 8OTF6'€9 98FE€L9 LGF869 (L¥5°0) 9€°0 Z6FE€89 S8FELI sieak ‘aby
L'€S 7'8¢ T'€C gee L'S€E Gzt Ty 92 % ‘alewad

S ve 9z 4 vT 9T vTT % 8z1s dnoio

olydeabowaq
(d)4 20 1O wagvy agydt ad agan (d) 4 asd-uoN asd as + uesy
VAONY $dnoJs ssodoy VAONY dSd-UON SA dSd
sdnod9 aQsd-uoN sdnouo asd

Author Manuscript

sdnoib gsSd-uou pue (dSd) J9pJosIp wna2ads UueluoSUIJed 10} Sainseaw a)el Leay pue ‘ainjosiiyase desjs ‘solydeibowaq

‘T algeL

Author Manuscript

Author Manuscript

Author Manuscript

Parkinsonism Relat Disord. Author manuscript; available in PMC 2024 December 01.



	Abstract
	Introduction:
	Methods:
	Participants:
	Recordings:
	Data Analysis:

	Results:
	Discussion:
	Conclusions:
	References
	Figure 1.
	Table 1:



