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Abstract Objectives To evaluate the associations between sleep quality and serum levels of
neurofilament light (NfL) protein in individuals with premanifest Huntington disease
(HD).

Materials and Methods We recruited 28 individuals with premanifest HD from a pre-
existing database (of the Huntington’s Environmental Research Optimisation Scheme,
HEROs). The participants filled out the Pittsburgh Sleep Quality Index (PSQI), a
subjective measure of sleep quality, and blood was collected via routine venepuncture
to measure peripheral NfL levels.

Results The PSQI scores (median: 5.0; interquartile range: 4.0-7.5) indicated poor
sleep quality. General linear modelling revealed no significant (p = 0.242) association
between PSQI scores and NfL levels. No significant differences were found between
individuals with good and poor sleep quality for any demographic variable collected.
Discussion Contrary to studies on other neurological conditions, there was no
association between sleep quality and NfL levels in individuals with premanifest HD.
This was unexpected, given the influence of environmental factors (such as social
network size) on neurodegeneration in individuals with premanifest HD.
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Introduction
experience poor sleep. Evidence suggests that sleep difficul-

Poor sleep quality is a common and debilitating aspect of
Huntington disease (HD). A survey of the HD community in
the United Kingdom' revealed that up to 90% of individuals
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ties arise prior to a formal diagnosis and persist over the
course of the disease,””® which may exacerbate cognitive,
motor, and mood disturbances. The extent to which poor
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sleep impacts neurodegeneration in HD has been poorly
explored to date.’”

Poor sleep quality has been linked to worse neurological
outcomes in individuals presenting with sleep disorders and
other neurodegenerative conditions.®'® Neurofilament
light (NfL) proteins are one of three neurofilament chains
that contribute to the structure of neurons in the central
nervous system.'? Therefore, NfL is released into the cere-
brospinal fluid and eventually the blood when neurons are
damaged or die.'? Elevated levels of serum NfL have been
detected in individuals with chronic insomnia disorder.' In
addition, higher NfL levels in the cerebrospinal fluid have
been observed in individuals with mild to moderate Alz-
heimer disease with reduced sleep depth.® Poor sleep quality
has also been associated with higher plasma NfL levels in
individuals with mild traumatic brain injury.” Given these
findings, there is a need to explore the associations between
sleep quality outcomes and markers of neurodegeneration in
individuals with HD.

To date, one study has explored associations between
sleep and neuropathology in HD: Baker et al.” noted greater
thalamic atrophy in individuals with poor sleep, indicating
that poor sleep may hasten neurodegeneration in HD. While
an important finding, this study’ did not use a validated
questionnaire to examine sleep, rather a sleep item from the
Becks Depression Inventory, limiting the validity of the
findings and emphasizing the need for additional studies.

The purpose of the present study was to evaluate the
associations between sleep quality and serum NfL levels in
individuals with HD. We hypothesized that poor sleep quali-
ty would be associated with elevated NfL levels in individuals
with premanifest HD.

Materials and Methods

Study Approval, Registration, and Patient Consent
All research procedures were undertaken according to the
Declaration of Helsinki. Approval was granted by the Human
Research Ethics Committee at Edith Cowan University
(13145). All participants provided written and informed
consent prior to undertaking any assessment procedures.

Participants

In the present study, 28 individuals with premanifest HD
were recruited from preexisting study databases. The inclu-
sion criteria were cytosine-adenine-guanine (CAG) repeat
length > 39 and a diagnostic confidence score < 2. Individu-
als were excluded from the study if they had a clinically-
diagnosed concomitant neurological, neuromuscular, respi-
ratory, cardiovascular, and/or sleep disorder, and if they
could not provide written and informed consent.

Sleep Quality

Sleep quality was assessed through the Pittsburgh Sleep
Quality Index (PSQI), which is a widely used measure with
proven validity in HD populations.’'? It comprises 19 items
with 7 component scores: sleep quality, sleep efficiency, use
of sleep medication, daytime dysfunction, sleep latency,
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sleep duration, and sleep disturbance. The component scores
range from O to 3 and are summed to generate a global score
which ranges from 0 to 21. Scores > 5 indicate poor sleep
quality.

NfL Measurement

Consistent with previous work,'> blood was collected via
routine venepuncture into 8-mL serum separator tubes
(SSTs; Greiner Bio-one, Frickenhausen, Germany). The SSTs
were centrifuged at 1,600 x g for 10 minutes, with serum
collected and stored as 500-uL aliquots within a —80°C
freezer. The samples were shipped to Quanterix (Billerica,
MA,United States) for an analysis of NfL concentrations
(pg/mL) using the single molecule array (Simoa, Quanterix)
HD-1 Accelerator program; they were analyzed in duplicate,
and the intra-assay coefficient of variations was < 10%.

Statistical Analysis

The influence of sleep quality on NfL was assessed using
general linear modelling. All models included age and sex as
covariates. False discovery rate corrections were applied to
account for multiple comparisons and mitigate false-positive
results. Chi-Squared tests, independent t-tests and Mann-
Whitney U tests were conducted to identify differences in
demographic variables between good (PSQI<5) and poor
(PSQI > 5) sleep quality groups. The analysis was conducted
using the R Studio software package, version 1.1 (R Founda-
tion for Statistical Computing, Vienna, Austria, 2020).

Results

The demographic data of the 28 individuals with premanifest
HD, separated into those with good and poor sleep quality,
are presented in =Table 1. Overall, the median and inter-
quartile range of the PSQI scores were of 5.0 (4.0-7.5). Very
few participants consumed alcohol or took medication in
either group. No significant differences were observed be-
tween the two groups for any of the demographic variables;
no significant (p=0.242) relationship was found between
PSQI scores and NfL levels (=Fig. 1). Additionally, sex
(p=0.331)and age (p = 0.130) did not significantly influence
NfL levels of individuals with premanifest HD. There was no
significant (p=0.981) difference in the NfL levels of the
patients in the two study groups (=Fig. 2).

Discussion

Emerging evidence indicates that sleep disturbances exacer-
bate neuropathological changes in individuals living with
neurological conditions, including HD.” However, the extent
to which reduced sleep quality is associated with biological
markers of neurological damage, particularly serum NfL, has
not been investigated to date.” In the present study, we have
explored, for the first time, associations between sleep
quality and serum NfL levels in people living with premani-
fest HD. In contrast to previous findings in other neurological
conditions and our expectations, we found no associations
between sleep quality and NfL levels.
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Table 1 Demographics of the participants
Variable Category Good sleep quality Poor sleep quality p-value
Sex: n (%) Female 7 (58.3) 11 (68.8) 0.836°
Male 5(41.7) 5(31.2)
Alcohol consumption: n (%) No 9 (75) 11 (68.8) 0.160°
Yes 1(8.3) 1(6.2)
Use ofedication: n (%) No 8 (66.7) 10 (62.5) 0.843°
Yes 2 (16.7) 3(18.8)
Age: mean +SD 47.3(£12.4) 43.2(£11.4) 0.373°
CAG: median (IQR) 42.5 (40-44) 43 (40.8-44) 0.524°¢
Age at onset: mean +SD 57.9(£12.2) 55.0(£11.5) 0.526°
Years to onset: median (IQR) 10.3 (8.7-11.5) 9.5 (5.9-16.3) 0.963¢
CAG repeats: median (IQR) 42.5 (40-44) 43 (40.8-44) 0.524°¢
DCL: median (IQR) 0 (0-1) 0 (0-0.2) 0.661°
UHDRS-TMS: median (IQR) 1(0-7.5) 0 (0-3) 0.568¢
CAPs: mean +SD 0.9(+0.2) 0.9(+0.2) 0.870°
NfL: median (IQR) 12.4 (9.6- 22.9) 13.6 (7.9- 18.9) 0.981¢

Abbreviations: CAG, cytosine, adenine, and guanine; CAPs, CAG age product score; DCL, disease confidence levels; IQR, interquartile range
(Q1-Q3); NfL, neurofilament light protein; SD, standard deviation; UHDRS-TMS, Unified Huntington’s Disease Rating Scale - Total Motor Score.

Notes: Chi-squared test; ®independent t-test; “Mann-Whitney U test.

As previously stated, in the present study, no significant
difference in NfL levels was observed between individuals
with good and poor sleep quality, as indicated by established
PSQI cutoff values.” We expected associations between sleep
quality and NfL levels, since previous findings have shown
that lifestyle factors, such as cognitive reserve, and social
network size and diversity, are associated with NfL levels in
individuals with premanifest HD. These results differ from
findings in other neurological disorders, such as Alzheimer
disease and traumatic brain injury, which have shown that
NfL levels are negatively influenced by poor sleep.®? The
discrepancy in findings may be attributed to the varied
methods of collecting NfL (such as in the cerebrospinal fluid,
plasma, or serum). However, this is unlikely, particularly

given that Werner et al.’ used the same method to collect NfL
as the present study.

Similar to previous investigations, in the present
study, the median PSQI values obtained from the premanifest
HD group indicated poor sleep quality. However, it is note-
worthy that only 16 out of the 28 (57%) individuals assessed
had poor sleep quality according to the PSQI (score > 5). This
is markedly lower than what has been previously reported by
Goodman et al.,' who found that up to 90% of people living
with HD experience sleep issues. The discrepancy in findings
may be attributed to the fact that Goodman et al.! sampled
individuals at all stages of the disease, with sleep disturban-
ces more prominent in manifest HD. It is also noteworthy
that Goodman et al." used an unvalidated sleep survey,
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Fig.1 Outcome of general linear modelling between PSQI scores and
NfL levels (pg/mL); the slope estimate, standard error, and p-value are
reported.
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Fig. 2 Boxplots showing the distribution of NfL levels between
individuals with good and poor sleep quality.
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which may have overestimated sleep issues in the cohort,
compared with the PSQI, which was used in the present
study.

The conflicting findings between our study and previous
articles in the literature may result from the fact that
subjective sleep quality is not as influential in premanifest
HD as CAG repeats.’ Future studies should investigate objec-
tive sleep measures, such as polysomnography (PSG), in
relation to central NfL measures. Moreover, future studies
should include larger samples of individuals with premani-
fest HD, as neurodegeneration in this population can be
influenced by several variables other than sleep, such as
medication use and alcohol consumption.' Larger sample
sizes would also enable moderation analyses on the role of
the CAG expansion on associations between NfL and sleep
quality.

It is important to acknowledge the limitations of the
present study when analyzing the results. One significant
limitation is the absence of a control group, which makes it
difficult to determine whether the relationship between
sleep quality and NfL levels is unique to premanifest HD. It
is important to note that the present study was designed as
cross-sectional and did not collect longitudinal data. There-
fore, the findings only reflect the correlation between sleep
quality and NfL levels at the time of testing, and it is essential
to acknowledge that this relationship may vary over time.

Conclusion

While sleep quality has been explored in premanifest HD, the
present is the first study to explore the association between
sleep quality and neurodegeneration. Contrary to the litera-
ture on other neurological disorders, in the present study, we
found no association between sleep quality and NfL levels.
However, despite using different measures of sleep and
neurodegeneration, the findings agree with those made by
Baker et al.,” who reported no association between sleep
problems and overall brain volume in individuals with
premanifest HD. Future studies with objective sleep meas-
ures are required to determine the influence of sleep on
neurodegeneration in premanifest HD.
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