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Abstract

Study Objectives: Disturbed overnight sleep is a prominent feature of advanced stage Huntington’s disease (HD). Several
polysomnography (PSG) studies have reported significant changes of sleep in HD patients, but the findings are not
unequivocal. To date, no meta-analysis has investigated the PSG changes in HD patients. The present study meta-analyzed
results from studies examining the PSG changes in HD patients compared with controls.

Methods: A literature search performed in MEDLINE, EMBASE, All EBM databases, PsycINFO, and CINAHL databases
identified seven studies involving 152 HD patients and 144 controls which were included in our meta-analysis.

Results: Pooled results indicated decreased sleep efficiency, percentage of slow wave sleep and rapid eye movement sleep,
and increased percentage of N1 sleep, wake time after sleep onset, and rapid eye movement sleep latency in HD patients
compared with controls. We found high heterogeneity in the effect sizes and no indication of systematic publication biases
across studies. Meta-regression analyses showed that some of the heterogeneity was explained by age, body mass index
(BMI), CAG repeat length, and disease severity of HD patients.

Conclusions: Our study showed that polysomnographic abnormalities are present in HD. Our findings also underscore the
need for a comprehensive PSG assessment of sleep changes in patients with HD. Furthermore, the effects of age, BMI and
CAG repeat length on sleep changes should be carefully considered and closely monitored in the management of HD.

Statement of Significance

Studies exploring PSG changes in Huntington’s disease (HD) have not established the extent and type of changes in sleep associated with
the disease. We performed a meta-analysis which included a relatively large sample size to investigate the polysomongraphic changes in
HD compared with controls. This study showed that polysomnographic abnormalities (i.e. decreased sleep efficiency, slow wave sleep, rapid
eye movement sleep, and increased wake time after sleep onset) are present in HD. Our findings underscore the need for a comprehensive
PSG assessment of sleep changes in patients with HD.
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Introduction

Huntington’s disease (HD), a progressive neurodegenerative
disorder caused by an abnormal expansion of a CAG repeat se-
quence on chromosome 4p16.3 [1], affects approximately 4-8
individuals per 100,000 in the general population [2]. HD is
characterized by progressively worsening motor dysfunction,
cognitive abnormalities, psychiatric symptoms, weight loss,
autonomic nervous system dysfunction, and sleep and circa-
dian rhythm disturbances.

Sleep disturbances are prevalent in HD patients with a re-
ported rate that is higher than that in controls (58.1% vs. 34.9%)
[3]. Disturbed overnight sleep also is a prominent feature of ad-
vanced disease, and is associated with the impairment in cog-
nitive and functional performance of HD patients [3, 4]. Even
in early stage HD, significant sleep disturbances and altered
rest-activity patterns may be detected [5]. Previous reports in-
dicate that both pre- and symptomatic HD patients with sleep
disturbances have significantly poorer neuropsychiatric out-
comes and accelerated thalamic degeneration compared with
patients without sleep problems [6]. These results highlight
the importance of assessing sleep disturbances in the manage-
ment of HD, which may offer a potentially important thera-
peutic target [5, 7]. However, sleep problems in HD tend to go
undiagnosed by physicians and underreported by patients.
This may result from a lack of insight or a perceived relative
unimportance for sleep problems compared with the motor,
affective, and cognitive features that are recognized as key fea-
tures of HD [8].

The assessment of sleep disturbances includes self-report
questionnaire, sleep diary, face-to-face interview, actigraphy,
and polysomnography (PSG). Among these methods, PSG is
required to distinguish rapid eye movement (REM) sleep and
non-REM sleep, and stages 1-3 (N1-N3) of non-REM sleep.
However, PSG studies in HD patients are rare. This may be due
to (1) difficulties in recruiting a large sample size due to rela-
tively low incidence of HD in the general population, which
may provide insufficient statistical power; and (2) the meth-
odological challenges in putting patients who exhibit complex
combinations of motor, cognitive, and psychiatric features
through the relatively intense protocols required for sleep
research, which makes PSG difficult to perform in patients
with HD.

A few prior studies have examined PSG changes in HD, but
findings regarding the exact changes of total sleep time (TST)
[7, 9, 10], slow wave sleep (SWS) [11, 12], and REM percentage
[7, 12] in HD compared with controls are still not fully estab-
lished due to inconsistencies among results. Pooled analyses
via meta-analytic techniques can be useful for resolving dis-
crepancies across studies as they can provide a relatively large
sample size for exploring differences in PSG characteristics be-
tween HD patients and controls. They also enable investigation
of factors associated with variations of results across studies.
To our knowledge, no meta-analysis study on PSG evaluated
sleep in HD has been conducted to date. The present review
covers case-control studies, and uses a meta-analytic ap-
proach to identify the pooled effect size (and range of credible
values) for PSG changes in patients with HD compared with
controls. We also identify moderators that could explain het-
erogeneity across studies.

Methods
Standard protocol approvals and registrations

The methodology for this study follows PROSPERO protocol
CRD42018096632 registered June 6, 2018 in accordance with
the preferred reporting items for systematic reviews and meta-
analyses statement [13].

Inclusion criteria

The inclusion criteria were constructed (assembled, put to-
gether) using the PICOS acronym: Participants (P) were patients
with HD according to clinical symptoms and genetic test/family
history. Intervention (I) was not applicable because this is a sys-
tematic review and meta-analysis of observational studies.
Comparison (C) was healthy controls. Outcomes (O) were PSG
parameters of sleep. Study design (S) was limited to case-control
studies. Other inclusion criteria required that the reviewed
studies had been published in English and were obtained from
peer-reviewed journals.

Exclusion criteria

By title and abstract screening, we excluded: (1) animal studies;
(2) case reports, case series, guidelines, statements, and com-
ments; (3) reviews unrelated to sleep or psychiatry; (4) studies
unrelated to HD; and (5) studies in which it was clearly stated
in the abstract that no PSG was done and no control group was
investigated. By full text screening, we excluded studies: (1)
with diagnosis of HD not based on clinical symptoms and gen-
etic test/family history; (2) not using controls; (3) not having a
whole-night PSG record; and (4) containing no information on
the outcomes of interest.

Information sources

MEDLINE via OVID (up to September 16, 2018); EMBASE via OVID
(up to September 16, 2018); All EBM databases via OVID (up to
September 16, 2018); PsycINFO via EBSCO (up to September 16,
2018); CINAHL via EBSCO (up to September 16, 2018).

Search

The search strategies for all databases are included in
Supplementary Tables S1-S5. The reference lists of all pri-
mary studies and review articles were checked for additional
references.

Study selection

Two investigators (Y.Z. and R.R.) selected relevant publications
independently according to the eligibility criteria. Any disagree-
ment was resolved by thorough discussion and consultation
with the senior author (X.T.). When the same group of authors
published more than one article using data from the same group
of subjects, we considered it as one set of comparisons and used
the most comprehensive dataset that was available.
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Data collection process

Two investigators (Y.Z. and R.R.) extracted the data independently
using a pre-designed form. Disagreements were resolved by thor-
ough discussion and consultation with the senior author (X.T.).
The data were entered by a single author (Y.Z.) and verified by two
reviewers (Y.Z. and R.R.). Data were obtained from the original
articles and by contacting the authors when necessary. The PSG
variables examined in this review include TST, wake after sleep
onset (WASO), sleep efficiency (SE), and percentage of stage N1,
N2, N3, and REM sleep, and REM latency. In the scoring rules of the
American Academy Sleep Medicine (AASM), N3 represents SWS
and also replaces stage 3 and stage 4 sleep in the Rechtschaffen
and Kales (R&K) nomenclature [14]. Thus, the data for stage 3
and stage 4 sleep in the included studies were also extracted
for estimating SWS. Additional PSG variables include periodic
limb movements index (PLMI), apnea hypopnea index (AHI), and
arousal index (AI). Demographic and clinical variables extracted
include the number of subjects and their mean age, sex (female
percentage), body mass index (BMI), HD severity scored by validity
scales, CAG repeat length, adaptation nights (yes/no), study loca-
tion (in sleep lab/at home), and PSG scoring rules (AASM/R&K).

Quality assessment

A risk of bias assessment was performed (Y.Z. and R.R.) using
an adapted version of the National Institute for Health and Care
Excellence (NICE) checklist [15]. This checklist assisted in re-
viewing studies for internal validity by methodically appraising
the selection of case-control studies, confounding factors and
statistical methods [15].

Statistical analysis

The meta-analysis was conducted using the Comprehensive
Meta-Analysis software program. To estimate the aggregate
effect-size (standardized mean difference [SMD]) for the differ-
ences in PSG variables between patients with HD and controls,
the mean and standard deviation and sample size for each
group were entered for calculation. For studies which did not
provide measures of SWS, but reported S3 and S4 data, the mean
values of S3 and S4 effect sizes were used as the SWS effect size.
For each global effect-size estimate, the Q statistic and I> were
calculated to examine the presence and magnitude of hetero-
geneity, and to inform on the degree of overlap between the
95% confidence intervals (Cls) of different studies. I? values of
75%, 50%, and 25% are considered to indicate high, moderate,
and low heterogeneity [16]. The random effects model was used
if significant heterogeneity was found; otherwise, the fixed ef-
fects model was applied. Publication bias was tested using the
Egger regression method [17], with p values of <0.05 suggesting
the presence of bias.

An analysis was carried out to analyze potential factors that
could moderate heterogeneity across studies. The following pre-
defined moderators were investigated: age, female percentage,
BMI, CAG repeat length, disease severity, adaptation night (yes
vs. no), and PSG scorning methods (R&K vs. AASM). A subgroup
analysis or meta-regression analysis was performed depending
on whether the moderators were categorical or continuous vari-
ables. The presence of between-group differences was deter-
mined by testing the heterogeneity between groups.
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Results
Study selection

Our search yielded 1,300 publications (Figure 1). After removing
the duplicates, we screened the title and abstract of the re-
maining 815 articles. A total of 14 articles were selected for
full paper review. Of these, seven articles [5, 7, 9-12, 18] were
found to meet the inclusion criteria in the meta-analysis. The
excluded studies and reasons for their exclusion are provided in
Supplementary Table S6.

Description of the included studies

The seven included studies reported on a total of 152 HD pa-
tients and 144 controls (Table 1). Mean age (reported in six
studies) ranged from 43.5 to 57.3 years for HD patients and
from 43.1 to 56.5 years for the control group. Female per-
centages of HD patients’ and controls ranged from 37.5% to
58.3% (reported in six studies). Mean BMI for HD patients
and controls ranged from 21.96 to 27.6 kg/m? (reported in
four studies). All included studies performed PSG in a sleep
lab. Four studies [5, 10, 11, 18] used R&K criteria, two studies
[7, 9] used AASM criteria, and one study [12] did not specify
which criteria was used for scoring sleep. Three studies [5, 10,
12] included adaptation nights for PSG recordings (PSG data
from the second night was used for analysis in these three
studies), four studies [7, 9, 11, 18] performed only one night of
PSG without adaptation.

Patient recruitment methods varied across studies
(Supplementary Table S7). Two studies [7, 11] reported that their

Records identified through database searching (n=1300)

= v" EMBASE via OVID (n=673)
£ v All EBM databases via OVID (n=39)
é v" MEDLINE via OVID (n=389)
g v" PsycIFNO via EBSCO#host (n=188)
< v CINAHL via EBSCO/host (n=11)

v

Records after duplicates removed (n=815)
v

Records screened from database (n=12) |

Additional studies identified from reference lists (n=2) |

Full-text articles assessed for eligibility (n=14) |

v Overlapped sample (n=2)
—» v No control group (n=3)
v’ Not the target diagnosis (n=2)

Studies included in qualitative synthesis (n=7)

[ Included ][ Eligibility ][ Screening ][

Figure 1. Flow chart used for the identification of eligible studies.
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Table 1. Study characteristics

HD
Sample Percentage Mean duration CAG repeat ESS PSG scoring
Study size female Mean age BMI (year) expansion Disease severity HD diagnosis (mean) Adaptation methods
Arnulf 25 HD 48 483 +12.2 23.1+35 NR 43.0+3.0 UHDRS motor: Genetic 6.8 N R&K
et al. [18] 254 +20.7 diagnosis
UHDRS chorea:
7.2+52
UHDRS dystonia:
24+34
UHDRS psychiatric:
12.9 £ 12.0
25 controls 48 482+ 129 276+7.2 5.7 R&K
Cuturic 12 HD 58.3 43.5 25.8 NR UHDRS total score:  Clinical 7.2 N R&K
et al. [11] 18.0+8.8 symptoms
and family
history
9 controls  55.6 43.1 26.2 6.4 R&K
Goodman 9 HD 44% 547 +7.1 NR NR UHDRS motor: Genetic 3.0 Y R&K
etal. [5] 19.9+6.9 diagnosis
UHDRS chorea:
6.8+3.7
10 controls 50 54.9 +9.63 NR 5.1 R&K
Lazar 31pre-HD NR NR NR 416+24 NR Genetic 7.1 Y R&K
et al. [10] diagnosis
25 controls NR NR NR 5.6 R&K
Neutel 29 HD 52 479+11.8 238=+3 NR 438 +3.1 UHDRS total score:  Genetic 7.5 N AASM
etal. [9] 35 (22.3-57.8) diagnosis
UHDRS motor: 18.5
(12.3-35.5)
UHDRS chorea: 3.5
(0.3-8.75)
UHDRS dystonia:
1(0-3.5)
UHDRS psychiatric:
18.5 (7.5-22.3)
29 controls 52 475+12.3 254 +4 5.7
Piano 30 HD 53 57.30+12.24 2196 +4.01 943+4.5 44.33+4.08 UHDRS motor: Clinical symp- 6.3 N AASM
etal. [7] 55.55 +23.43 toms and
genetic
diagnosis
30 controls 53 56.50 + 11.85 26.27 + 8.54 4.0
Wiegand 16 HD 37.5 439+8.1 NR 46+34 TDRS score: Clinical NR Y Unspecified
etal. [12] 375+175 symptoms
and family
history
16 controls  37.5 45+9.5 NR NR

AASM, American academy of sleep medicine; BMI, body mass index; ESS, Epworth Sleepiness Scale; HD, Huntington’s disease; R&K, Rechtschaffen and Kales; TDRS,
Tardive Dyskinesia Rating Scale; UHDRS, Unified Huntington Disease Rating Scale. For more information, please see Supplementary Table S7.

HD patients were consecutive hospital admissions. One study
[9] reported that 11 of 29 HD patients were consecutive hospital
admissions. The other four studies [5, 10, 12, 18] did not report
how their HD patients were recruited. One study [9] reported
that 18 of 29 HD patients were referred for a complaint (mostly
from their spouses) of agitation during sleep whereas the other
six studies did not report on the clinical complaints of HD pa-
tients. Information regarding the recruitment of controls is also
provided in Supplementary Table S7.

Risk of bias of individual studies

Supplementary Table S8 shows risk of bias assessment
based on the NICE checklist. None of the included studies
reported participation rate, compared participants versus
nonparticipants or indicated whether measures were taken to
prevent knowledge of primary exposure from influencing case
ascertainment.

Comparison between HD patients and controls: the
whole sample

In the whole sample, meta-analysis revealed significantly de-
creased SE (SMD =-0.882,95% CI: —1.358 to —0.405, I> = 72.560%), SWS
percentage (SMD = -0.526, 95% CI: -1.017 to -0.036, I? = 75.422%)
and REM percentage (SMD = -0.580, 95% CI: -1.011 to -0.149,
2 = 68.011%), and increased N1 percentage (SMD = 0.446, 95% CI:
0.214 to 0.617, I? = 0), WASO (SMD = 0.688, 95% CI: 0.286 to 1.089,
I? = 56.044%), and REM latency (SMD = 0.425, 95% CI: 0.049 to 0.800,
I? = 48.235%) in patients with HD compared with controls (Figure 2;
p < 0.05). Egger’s test indicated no publication bias in these signifi-
cant results (p > 0.05). The mean values for PSG variables in HD pa-
tients and controls are shown in Supplementary Table S9.

Moderator analysis

As given in Table 2, a meta-regression analysis revealed that
the increased WASO and REM latency, decreased REM sleep


http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsz154#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsz154#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsz154#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsz154#supplementary-data

Zhangetal. | 5
(A) Total sleep time
Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error limit limit p-Value
Arnulf et al., 2008 -0.367 0285 -0926 0.192 0.199 D
Cuturic et al., 2009 -0.189 0.442 -1.055 0677 0669 L
Goodman et al., 2011 -0.485 0466 -1.399 0429 0.298 L
Lazar et al., 2015 -0.071 0.269 -0.598 0456 0.793
Neutel et al., 2015 0.430 0266 -0.091 0950 0.106
Piano et al., 2015 -1.236 0.282 -1.788 -0.683  0.000 e =
Wiegand et al., 1991 -0.369 0.357 -1.068 0.330 0.301 L
-0.319 0221 -0.753 0.114 0.149
-2.00 -1.00 0.00 1.00 2.00
Dcreased Increased
(B) Sleep efficiency
Study name Statistics for each stud Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error limit limit  p-Value
Arnulf et al., 2008 -0.591 0289 -1.157 -0.025 0.041 et
Cuturic et al., 2009 -0.756 0.456 -1.649 0.138 0.098 =
Goodman et al., 2011 -1.293 0505 -2.283 -0.303 0.010 f—
Lazar et al., 2015 -0.377 0271 -0908 0.155 0.165 L
Neutel et al., 2015 -0.283 0.264 -0.800 0235 0284 el
Piano et al., 2015 -1.941 0313 -2.555 -1.328 0.000
Wiegand et al., 1991 -1.144 0.381 -1.891 -0.396 0.003 D ) —
-0.882 0.243 -1.358 -0.405  0.000 gl
-2.00 -1.00 0.00 1.00 2.00
Dcreased Increased
(C)Wake time after sleep onset
Study name Statistics for each study $Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error limit limit p-Value
Arnulf et al., 2008 0.592 0289 0.025 1.158 0.041
Cuturic et al., 2009 0.106 0.441 -0.758 0971  0.809
Lazar et al., 2015 0.740 0278 0.196 1.285 0.008
Neutel et al., 2015 0.407 0265 -0.113 0.927 0.125
Piano et al., 2015 1.400 0288 0836 1965 0.000
0.688 0.205 028 1.089 0.001
-2.00 -1.00 0.00 1.00 2.00
Dcreased Increased

Figure 2. Meta-analysis of polysomnographic variables in patients with Huntington’s disease compared with controls; REM, rapid eye movement sleep; SWS, slow

wave sleep.

percentage and SWS percentage in HD patients compared with
controls were significantly associated with advanced age of HD
patients across different studies (p < 0.05). Increased WASO and
REM latency, and decreased REM percentage in HD patients
compared with controls were significantly associated with lower
BMI of HD patients across different studies (p < 0.05). Decreased
SWS percentages in HD patients compared with controls were
significantly associated with longer CAG repeat length in HD pa-
tients (p < 0.05).

In the analysis of the contribution of disease severity of
HD, meta-analytic calculations were rerun in six studies after
excluding the Piano et al. [7] study in which the HD patients
appeared to show the greatest disease severity compared
with those in other included studies. The decreased SWS per-
centage in HD patients compared with controls found when
considering all seven studies did not reach a statistically signifi-
cant level (SMD = -0.286, 95% CI: -0.605 to 0.033, I? = 30.638%).

Subsequently, we excluded the Lazar et al. study [10] (also
excluding the Piano et al. study [7]) in which pre-HD patients
seemingly showed the mildest disease severity and reran the
meta-analysis in the remaining five studies. We then detected
significantly decreased SWS in HD patients compared with
controls again (SMD = -0.412, 95% CI: -0.709 to 0.115, I? = 0).

Discussion
Summary of findings

This systematic review and meta-analysis included seven case-
control studies to examine and compare differences in PSG de-
termined sleep between HD patients and healthy controls. The
results found decreased SE, percentage of SWS and REM, and
increased N1 percentage, WASO, and REM latency in HD patients
compared with healthy controls. Our moderator analyses found
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(D) Apnea hypopnea index

Study name Statistics for each stud: Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error limit limit p-Value
Arnulf et al., 2008 -0.366 0285 -0925 0.193 0.199
Cuturic et al., 2009 0.000 0.441 -0.864 0864 1.000
Goodman et al., 2011 0.322 0.462 -0584 1229 0486
Neutel et al., 2015 -0.122 0.263 -0637 0393 0643
Piano et al., 2015 -0.390 0.261 -0901 0.121 0.135
-0.205 0.140 -0.478 0.069 0.143
-2.00 -1.00 0.00 1.00 2.00
Dcreased Increased
(E) Arousal index
Study name Statistics for each stud Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error limit  limit p-Value
Arnulf et al., 2008 0.136 0.283 -0.419 0691 0.631
Cuturic et al., 2009 -0.122 0.441 -0987 0743 0.782
Goodman et al., 2011 -0.500 0.467 -1.414 0415 0.284 —
Neutel et al., 2015 -0.151 0.263 -0.667 0.364 0.566
Piano et al., 2015 1.349 0286 0.788 1909 0.000
0.179 0336 -0.479 0.837 0.593
-2.00 41.00 0.00 1.00 2.00
Dcreased Increased
(F) Periodic limb movements index
Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error limit limit p-Value
Amulf et al., 2008 0.819 0294 0242 139 0.005
Cuturic et al., 2009 0.085 0.441 -0.779 0.950 0.846
Neutel et al., 2015 -0.146 0263 -0661 0.369 0.579
Piano et al., 2015 1.245 0282 0692 1.798 0.000
0.518 0.347 -0.163 1.198 0.136
-2.00 -1.00 0.00 1.00 2.00
Dcreased Increased
(G) N1 percentage
Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error limit limit p-Value
Arnulf et al., 2008 0.493 0.287 -0.070 1.056 0.086 L
Cuturic et al., 2009 0.431 0.446 -0.443 1305 0334 =
Goodman et al., 2011 0.831 0.479 -0.108 1.769 0.083
Lazar et al., 2015 0.205 0270 -0.323 0733 0.447 e —
Neutel et al., 2015 0.260 0.264 -0.257 0777 0.324 D = e
Piano et al., 2015 0.688 0266 0.167 1209 0.010 s =
Wiegand et al., 1991 0.494 0359 -0.209 1.197 0.169 &
0.446 0.118 0.214 0677 0.000 ‘
-2.00 -1.00 0.00 1.00 2.00
Dcreased Increased

Figure 2. Continued

that advanced mean age of HD patients was significantly associ-
ated with increased WASO and REML, and with decreased SWS
and REM sleep percentages. Decreased mean BMI was associ-
ated with increased WASO and REM latency, and with decreased
REM sleep percentage in HD. Longer CAG repeat length and in-
creased disease severity were associated with decreased SWS
percentage in HD.

Sleep abnormalities in HD

Previous studies using subjective evaluations have indicated
that sleep disturbance is a common feature in HD patients.
The frequency of sleep disturbance in HD patients evaluated
by the Pittsburgh sleep quality index is 58.1%, which is higher
than that in controls [3, 6]. Objective sleep evaluations indicate
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Study name Statistics for each study
Std diff Standard Lower Upper

in means error limit limit p-Value
Arnulf et al., 2008 0.230 0.284 -0.326 0.786 0.417
Cuturic et al., 2009 0.042 0.441 -0.823 0906 0.925
Goodman et al., 2011 -0.801 0477 -1.737 0.135 0.094
Lazar et al., 2015 -0.091 0269 -0.619 0436 0.734
Neutel et al., 2015 0.499 0267 -0.024 1.022 0.061
Piano et al., 2015 -0.146 0259 -0.653 0361 0.573
Wiegand et al., 1991 -0.409 0.357 -1.109 0.292 0.253

-0.023 0.145 -0.306 0261 0.876

Std diff in means and 95% CI

-2.00 -1.00 0.00 1.00 2.00

Dcreased Increased

(I) SWS percentage

Study name Statistics for each study
Std diff Standard Lower Upper

in means error limit limit  p-Value
Arnulf et al., 2008 -0.077 0.283 -0.631 0.478 0.786
Cuturic et al., 2009 -0.309 0.444 -1.178 0561 0.487
Goodman et al., 2011 -0.817 0.478 -1.754 0.120 0.088
Lazar et al., 2015 0.222 0.270 -0.306 0.751 0.410
Neutel et al., 2015 -0.445 0.266 -0.966 0.076 0.094
Piano et al., 2015 -1.609 0297 -2.191 -1.027 0.000
Wiegand et al., 1991 -0.742 0.366 -1.458 -0.026 0.042

-0.526 0250 -1.017 -0.036 0.035

Std diff in means and 95% CI

-2.00 -1.00 0.00 1.00 2.00

Dcreased Increased

(J) REM sleep percentage

Study name Statistics for each study
Std diff Standard Lower Upper

in means error limit limit p-Value
Arnulf et al., 2008 -0.833 0295 -1.411 -0.255 0.005
Cuturic et al., 2009 0.018 0.441 -0.846 0.882 0.968
Goodman et al., 2011 -1.116 0.494 -2.084 -0.148 0.024
Lazar et al., 2015 -0.321 0271 -0.851 0.209 0.236
Neutel et al., 2015 -0.329 0264 -0.847 0.189 0.214
Piano et al., 2015 -1.507 0293 -2.080 -0.933 0.000
Wiegand et al., 1991 0.048 0354 -0645 0.741 0.892

-0.580 0220 -1.011 -0.149 0.008

Std diff in means and 95% CI

S=3

-2.00 -1.00 1.00 2.00
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(K) REM latency

Study name Statistics for each study

Std diff Standard Lower Upper

in means error limit limit  p-Value
Amulf et al., 2008 0.753 0293 0.180 1327 0.010
Cuturic et al.,, 2009 -0.388 0445 -1260 0485 0384
Goodman et al., 2011 0.865 0480 -0.076 1.807 0.072
Lazaretal, 2015 0.432 0272 -0101 0965 0.112
Neutel et al., 2015 0.790 0273 0256 1324 0.004
Wiegand et al., 1991 -0.137 0354 -0.830 0.557 0.699

0.425 0.192 0.049 0800 0027

Std diff in means and 95% CI
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Figure 2. Continued

that sleep disturbances in HD patients are even worse, which
is likely related to the fact that subjective evaluation of sleep
has a poor correlation with the findings of objective tools, such
as actigraphy and PSG, leading to an underestimation of sleep

disturbances in HD patients [19]. Actigraphic data has found
a longer time in bed and a significantly increased number of
movements during nocturnal bedtime in HD patients [20]. Most
importantly, actigraphic data revealed altered rest-activity
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Table 2. Moderator analyses

SWS REM REM
Moderators TST WASO  SE N1 percentage N2 percentage percentage percentage latency PLMI Al AHI
Sex (female%) No. of com- 6 4 6 6 6 6 6 5 4 5 5
parison
No.of H/C  121/119  96/93 121/119  121/119 121/119 121/119 121/119 91/89 96/93 105/103  105/103
Point 0.32 -3.60 1.10 -0.50 3.43 0.13 -1.25 -0.37 -5.63 4.21 -1.15
estimate
SE 4.47 9.10 4.67 2.78 2.75 4.20 4.27 4.09 11.09 7.77 3.82
P 0.94 0.69 0.81 0.83 0.21 0.98 0.77 0.93 0.61 0.59 0.76
Mean age of HD No. of com- 6 4 6 6 6 6 6 5 4 5 5
patients parison
No.of H/C  121/119 96/93 121/119  121/119 121/119 121/119 121/119 91/89 96/93 105/103  105/103
Point -0.07 0.10 -0.08 0.02 -0.02 -0.08 -0.11 0.12 0.09 0.08 -0.01
estimate
SE 0.04 0.03 0.04 0.03 0.04 0.04 0.03 0.05 0.05 0.05 0.03
P 0.10 0.003 0.08 0.34 0.55 0.03 <0.001 0.016 0.09 0.14 0.67
BMI (kg/m?) No. of com- 4 4 4 4 4 4 4 3 4 4 4
parison
No.of H/C ~ 96/93 96/93 96/93 96/93 96/93 96/93 96/93 66/63 96/93 96/93 96/93
Point 0.28 -0.36 0.28 -0.10 0.10 0.28 0.44 -0.43 -0.34 -0.37 0.11
estimate
SE 0.25 0.13 0.26 0.13 0.14 0.24 0.13 0.20 0.20 0.20 0.13
P 0.26 0.006 0.28 0.43 0.47 0.25 <0.001 0.03 0.08 0.07 0.36
CAG repeats (n) No. of com- 4 4 4 4 4 4 4 3 3 3 3
parison
No.of H/C ~ 115/109  115/109 115/109  115/109 115/109 115/109 115/109 85/79 84/84 84/84 84/84
Point -0.23 0.13 -0.39 0.13 0.05 -0.57 -0.29 0.17 0.20 0.81 -0.003
estimate
SE 0.39 0.24 0.36 0.13 0.18 0.24 0.26 0.17 1.05 0.88 0.29
P 0.56 0.58 0.28 0.33 0.76 0.017 0.26 0.33 0.85 0.36 0.99
Disease severity
Excluding Piano No. of com- 6 4 6 6 6 6 6 6 3 4 4
study parison
No.of H/C  122/114 97/88 122/114  122/114 122/114 122/114 122/114 122/114 66/63 75/73 75/73
SMD -0.109 0.520*  -0.615"* 0.386* -0.006 -0.286 -0.402* 0.425*  0.260 -0.093 -0.130
Q 6.150 1.752 6.155 1.783 8.325 7.209 6.924 9.659 6.145 1.466 1.730
2 18.696 0 18.768 0 39.941 30.638 27.792 48.235 67.452* 0 0
Excluding Piano No. of com- 5 3 5 5 5 5 5 5 3 4 4
and Lazar studies parison
No.of H/C  91/89 66/63 91/89 91/89 91/89 91/89 91/89 91/89 66/63 75/73 75/73
SMD -0.138 0.428*  -0.699"** 0.443* -0.003 -0.412* -0.426* 0.410 0.260 -0.093 -0.130
Q 6.139 0.859 5.327 1.189 8.027 3.055 6.807 9.641 6.145 1.466 1.730
I 34.842 0 24.913 0 50.169 0 41.236 58.511* 67.452* 0 0
Adaptation
No No. of com- 4 4 4 4 4 4 4 3 4 4 4
parison
No.of H/C ~ 96/93 96/93 96/93 96/93 96/93 96/93 96/93 66/63 96/93 96/93 96/93
SMD -0.334 0.663* -0.888*  0.473 0.170 -0.620 -0.698* 0.472 0.518 0.319 -0.257
Q 18.619 9.082 17.607 1.321 3.143 15.691 12.338 5.671 15.010 17.535 1.010
I’ 83.888"" 66.969* 82.962"* 0 4.555 80.880"" 75.685™ 64.734  80.013** 82.891™ 0
Yes No. of com- 3 1 3 3 3 3 3 3 - 1 1
parison
No.of H/C  56/51 31/25 56/51 56/51 56/51 56/51 56/51 56/51 — 9/10 9/10
SMD -0.232 0.740"™  -0.847* 0.397 -0.306 —-0.384 -0.375 0.337 — —-0.500 0.322
Q 0.802 0 4.117 1.402 1.792 6.282 3.679 3.119 — 0 0
I’ 0 0 51.426 0 0 68.161" 45.633 35.880 — 0 0
Between group Q 0.067 0.039 0.007 0.096 3.711 0.209 0.578 0.109 — 1.880 1.429
difference P 0.795 0.843 0.933 0.756 0.054 0.647 0.447 0.741 — 0.170 0.232
PSG scoring methods
AASM No. of com- 2 2 2 2 2 2 2 1 2 2 2
parison
No.of H/C  59/59 59/59 59/59 59/59 59/59 59/59 59/59 29/29 59/59 59/59 59/59
SMD -0.400  0.897 -1.103 0.473* 0.173 -1.019 -0.911 0.790*  0.546 0.595 -0.257
Q 18.489 6.438 16.406 1.307 3.013 8.528 8.922 0 13.008 14.898 0.524
I? 94.591** 84.467* 93.905"* 23.478 66.814 88.275" 88.792** 0 92.312"* 93.288"* 0
R&K No. of com- 4 3 4 4 4 4 4 4 2 3 3
parison
No.of H/C  77/69 68/59 77/69 77/69 77/69 77/69 77/69 77/69 37/34 46/44 46/44
SMD -0.242 0.573"  -0.609"* 0.414* -0.059 -0.117 -0.543* 0.449 0.526 -0.055 -0.135
Q 0.884 1.485 2.677 1.437 3.513 3.897 4.608 5.346 1.914 1.386 1.728
I’ 0 0 0 0 14.604 23.008 34.893 43.882  47.755 0 0
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SWs REM REM
Moderators TST WASO  SE N1percentage N2 percentage percentage percentage latency PLMI Al AHI
Between group Q 0.035 0.375 0.341 0.047 0.391 2.156 0.343 0.890 0.001 0.695 0.186
difference P 0.852 0.540 0.559 0.828 0.532 0.142 0.558 0.346 0.980 0.404 0.666

AASM, American academy of sleep medicine; AHI, apnea hypopnea index; Al, arousal index; BMI, body mass index; Q, Cochran’s Q statistic; REM, rapid eye movement
sleep, H/C, Huntington disease/control; PLMI, periodic limb movements index; R&K, Rechtschaffen and Kales; SWS, slow wave sleep; SE, sleep efficiency; TST, total

sleep time.
*p < 0.05, *p < 0.01, **p < 0.001.

profiles, suggesting deterioration of circadian timing in HD pa-
tients [5]. Additionally, the PSG data we synthesized in the cur-
rent meta-analysis focused on quantitative sleep parameters
and demonstrated disturbed objective sleep continuity and
sleep architecture. (i.e. decreased SE, SWS, and REM, increased
WASO and REM latency) in patients with HD.

Moderator analysis

CAG repeat length

CAG repeat length makes it possible to predict who will develop
HD many years before symptom onset [21]. Significant asso-
ciations between CAG repeat lengths and HD clinical features
such as age of onset, weight loss, cognitive and motor disabil-
ities, decline in living capabilities, brain neurodegeneration
and risk of death have also been demonstrated [22]. Our find-
ings also revealed that CAG repeat length is associated with de-
creased SWS percentage in HD patients compared with controls.
Neurochemical and neuroimaging studies have revealed that
decreased concentrations of BDNF in plasma and amount of
volume decrease in the caudate and total basal ganglia correl-
ates with increased CAG repeat length in HD patients [23, 24].
These changes are involved in the abnormalities observed in
sleep [25, 26], and may contribute to the association of CAG re-
peat length with PSG alternations in HD. However, it should be
noted that our results concerning CAG repeat length and sleep
were derived from only four included studies [7, 9, 10, 18]. The
limited data suggest that our results should be further verified
and interpreted with caution. Additionally, it is important to
ask whether sleep disturbances are common in other trinucleo-
tide repeat diseases (i.e. myotonic dystrophy (DM) [27] and
Friedreich’s ataxia (FA) [28]), and whether sleep disturbances are
also related to the trinucleotide repeat length in these diseases.
Previous studies found hypersomnia, increased periodic limb
movements in sleep (PLMS), sleep apnea, SWS, and REM sleep
duration, and decreased N2 in DM1 patients [29, 30]; whereas de-
creased TST, SE, percentage of SWS and REM sleep, and increased
WASO were found in DM2 patients [31]. To our knowledge, how
PSG changes in FA patients compare with controls has not been
established; however, the presence of sleep apnea correlates
with the duration and clinical severity of FA [32]. Additionally,
a high prevalence of restless legs syndrome (50%) and PLMS
(43.8%) in FA has been reported [33]. By comparison, our findings
revealed no significant differences in AHI and PLMI between HD
patients and controls, which is different from the findings for
FA and DM. Unfortunately, it is unclear whether there are sig-
nificant associations between the trinucleotide repeat lengths in
these diseases and patients’ sleep disturbances. However, these
results indicate that studies exploring the relationship between

trinucleotide repeat length and PSG changes in these diseases
would be useful.

Age

Mean age of HD patients was a significant source of hetero-
geneity for differences in PSG changes (i.e. increased WASO
and REM latency, decreased SWS and REM sleep) between HD
patients and controls. Thus, the extent of sleep abnormalities
in HD patients appears to be moderated by age. This could in-
volve atrophy of brain areas that is increased with age in HD
patients. Previous studies revealed that HD, which typically pre-
sents between 35 and 45 years of age [34], could cause progres-
sive atrophy in the striatum [35]. Even in prodromal and early
symptomatic HD, putamen atrophy rates of about 2.3% per year
and 4.5% per year, and caudate atrophy rates of 1.1%-2.4% per
year and 2.9%—4.9% per year, respectively, have been reported in
comparisons to controls [36-38]. Furthermore, Stoffers et al. [25]
found that neuronal network imbalance between caudate and
other brain regions was associated with a continuous hyper-
aroused state in insomnia patients. Thus, we speculate that
these changes may partly explain the effects of age on sleep in
HD patients.

Age is also an important factor that impacts the relationship
between longer CAG repeat length and faster clinical progres-
sion in HD [22, 39, 40]. Indeed, adjusting for age at the time of
disease onset [40], or assessment [39], appears to be necessary to
determine the relationship between CAG repeat length and clin-
ical progression. Thus, it is possible that age or duration of dis-
ease moderates the association of CAG repeat length with sleep
disturbances. However, this speculation cannot be adequately
explored in our meta-analysis due to the limited number of in-
cluded studies.

BMI

The association of sleep with overweight/obesity has been well
established in previous studies [41, 42], but little is known about
the potential association between underweight conditions and
sleep. Our findings showed that the BMI of HD patients was a
significant source of heterogeneity for differences in WASO, REM
latency, and REM sleep percentage between HD patients and
controls. Changes in sleep in HD patients with lower BMI appear
more obvious compared with those with higher BMI. Previous
studies indicated that weight loss reflected fundamental patho-
logic mechanisms underlying HD and may serve as a biomarker
for monitoring disease progression [43, 44]. Weight loss is al-
ready manifest in presymptomatic HD gene carriers [45] and is
particularly marked in the final hypokinetic stages of the dis-
ease [43]. Weight loss and energy impairment [46, 47] may reflect
a wasting status, defined as unintentional weight loss in both
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fat-free and fat mass [48]. In patients with other wasting dis-
eases such as cancer [49], chronic kidney disease [50], and dia-
betes [51], objective sleep disturbances evaluated by PSG appear
to be a general phenomenon.

Unintentional weight loss might also be considered a core
component of “frailty [52],” which can increase health-related
vulnerability to even minor stressful events [53, 54]. There is a
U-shaped curve relationship between BMI and frailty with the
lowest and highest BMI having the strongest association with
frailty [55]. Thus, including weight loss as a criterion is con-
sistent with viewing frailty as a wasting disorder [S5]. A pre-
vious study indicated that there is a bidirectional relationship
between sleep disturbances and frailty, in which frailty may
result in disruptions of rest activity rhythms with irregular
sleep-wake cycles [56]. We therefore considered that lower BMI
in HD patients may reflect their frailty status, which could con-
tribute the PSG changes in HD patients compared with controls.
It should be noted that the mean age of HD patients in our in-
cluded studies ranged from 43.5 to 57.3 years, whereas frailty is
a condition usually ascribed to elderly people. In general, in the
elderly, frailty is linked to aging-related changes in brain and the
endocrine system (frail brain and frail endocrine system) [54].
We speculate that the progressively worsening dysfunctions in
brain morphology, brain activation, and the endocrine system in
HD patients [57, 58] may promote frailty.

Disease severity

Clinically, it is important to determine whether disease severity
is associated with sleep changes in HD patients, but findings of
previous studies are contradictory. For instance, Wiegand et al.
[12] reported that there was no relationship between motor dis-
turbances and sleep variables in HD patients. By comparison,
two other studies reported that disease severity was nega-
tively associated with REM percentage in HD patients [7, 18].
Neutel et al. [9] reported that patients with moderate HD had
shorter TST, SE, and longer WASO compared with patients with
premanifest to mild HD. In our meta-analysis, we performed
a sensitivity analysis to explore the effects of disease severity
of HD on our pooled effect size of PSG changes, and we found
that increased disease severity of HD was associated with de-
creased SWS. Thus, our findings support a relationship between
sleep disturbances and disease severity and highlight the im-
portance of assessing sleep disturbances in the management of
HD. However, the association of specific symptoms (i.e. motor,
chorea, dystonia, and psychiatric symptoms) of HD with sleep
changes could not be explored due to limited available data.

Effects of drugs

It should be noted that none of the seven studies in our meta-
analysis excluded patients who had undergone pharmacological
therapies (i.e. benzodiazepines, antidepressants, and neuro-
leptics) which could potentially impact sleep measures. Two
included studies did not find any significant difference in any
PSG variables between drug-free HD patients and HD patients
receiving medication [7, 12]. Another two studies [5, 9], found
that PSG changes in untreated patients were similar to those
found in all (treated and untreated) HD patients. These findings
suggest that PSG changes in HD patients were not impacted by
pharmacological treatment. However, three included studies [10,

11, 18] did not specify or did not report whether using pharma-
cological therapies impacted the PSG findings in HD patients. It
is also not possible to perform an analysis exploring the effects
of pharmacological therapies on our pooled effect size, due to
lack of individual patient data regarding pharmacological ther-
apies. Our findings therefore may be biased by pharmacological
effects.

Mechanisms underlying sleep abnormalities in HD

The mechanisms underlying sleep abnormalities in HD patients
are still unclear; however, the importance of circadian dysfunc-
tion has been emphasized in previous studies [3, 8, 58, 59]. When
comparing the sleep schedule data between HD patients and
controls, existing evidence revealed altered sleep-wake circa-
dian timing in HD patients [3, 11]. One PSG study also revealed
a later time of sleep onset and terminal awakening in patients
with HD compared with controls [11]. Actigraphic data further
suggests the deterioration of circadian timing in HD patients [5,
20]. In mammals, circadian rhythms are mainly coordinated by
the suprachiasmatic nucleus (SCN) [60]. Mechanistically, Bartlett
et al. [58] proposed that dysfunction of SCN, which is located in
the anterior hypothalamus, plays an important role in sleep ab-
normalities in HD. Postmortem studies in HD patients also have
reported decreases in orexin-releasing neurons which innervate
the SCN [61, 62]. Thus, loss of these neurons may be related to
dysfunction of SCN, which contribute to circadian disturbances,
dysfunctions in the hypothalamic-pituitary-adrenal (HPA)
axis, and subsequent altered circadian release of cortisol [61].
Changes in the regulation of circadian rhythms [59, 63] and HPA
function [64, 65] may be a potential neurobiologic substrate for
sleep abnormalities in HD.

Clinical implications for practice and research

Our study showed that sleep continuity and sleep archi-
tecture are abnormal in HD. Sleep disturbances and the
underlying circadian rhythm disturbances may be important
in relation to outcomes and clinical management in HD pa-
tients. Thoroughly defining the extent and nature of sleep ab-
normalities in HD is not only critical in improving the quality
of life in both patients and caregivers, but also in revealing
additional clinically relevant information about the disease
itself [4]. PSG studies are not routinely performed in patients
with HD, but our findings provide useful information to help
clinicians understand behavioral sleep problems in HD pa-
tients. The findings of this review therefore highlight the
need to undertake systematic and routine screening as well
as comprehensive assessment of PSG variables in individuals
with HD. With respect to implications for research, PSG meas-
ures, amongst other neurophysiological parameters, have the
potential to aid in better understanding of the neurobiology
of HD.

Limitations

First, there are methodological issues that may bias our find-
ings. For instance, four [5, 10, 12, 18] of our seven included
studies did not report whether the recruited HD patients were
consecutive patients or those with specific sleep complaints



referred for a PSG examination. This could potentially result
in a selection bias for the participants. In addition, whether
the healthy controls were recruited on a voluntary basis for
research or recruited from sleep centers was unclear in three
studies [9, 10, 12]. Recruiting controls from sleep centers may
include individuals with sleep complaints which could poten-
tially bias our pooled effect size of PSG changes in HD pa-
tients compared with controls. Second, other methodological
factors (i.e. differences in the definition of PSG parameters,
and the number of PSGs administered, and variations in bed-
time schedule) which may help explain heterogeneity be-
tween studies were not analyzed due to lack of individual
patient data. Third, as mentioned above, none of the included
studies excluded patients who had undergone pharmaco-
logical therapies (i.e. benzodiazepines, antidepressants, and
neuroleptics) which may impact sleep measures, because
the behavioral and motor symptoms of HD patients did not
allow the withdrawal of treatment. This may bias the pooled
effect size for differences in PSG variables between cases and
controls, indicating that our findings should be interpreted
with caution. Fourth, although we performed a sensitivity
analysis by removing specific studies (Piano et al. [7] and Lazar
et al. [10]) to explore the association between HD severity and
sleep changes, the associations of motor, chorea, dystonia,
and psychiatric symptoms with sleep change in HD patients
could not be explored due to limited available data.

Conclusions

In conclusion, the current meta-analysis demonstrates that
polysomnographic abnormalities are present in patients with
HD. The study findings underscore the need for a compre-
hensive assessment of sleep changes across PSG in patients
with HD. Furthermore, the effects of age, BMI, and CAG repeat
length of HD patients on sleep changes should also be care-
fully considered and closely monitored in the management
of HD.

Supplementary material
Supplementary data are available at SLEEP online.
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