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Study Objectives: To identify the association between insomnia symptoms and signs of prodromal neurodegeneration, including an analysis of potential differ-
ences between sleep-onset and sleep-maintenance insomnia.
Methods: We included those aged 45–85 years, living in 1 of 10 Canadian provinces between 2012 and 2015 (at the baseline), recruited via 3 population-based
sampling methods. Insomnia symptoms were assessed using questions adapted/modified from the Pittsburgh Sleep Quality Index. A panel of potential prodromal
neurodegenerative markers including self-reported symptoms and objective gait motor, cognitive, and autonomic variables were assessed cross sectionally. We
compared those who endorsed insomnia symptoms ≥ 3 times per week to controls, adjusting for age, sex, and education via logistic regression.
Results: Overall, 2,051/30,097 people screened positive for sleep-onset insomnia alone and 4,333 for sleep-maintenance insomnia alone, while 2,371 endorsed
both subtypes. On objective gait tests, participants with sleep-onset insomnia, but not sleep-maintenance insomnia, had worse balance (odds ratio [OR] = 1.33,
95% confidence interval = [1.16, 1.52]) and slower gait speed (OR = 1.52 [1.34, 1.73]). Although participants with any insomnia subtype endorsed more motor
symptoms, these were more severe in those with sleep-onset insomnia (OR onset vs maintenance = 1.13 [1.07, 1.18]). On objective cognitive tests, those with
sleep-maintenance insomnia scored normally. However, participants with sleep-onset insomnia performed worse on tests of verbal fluency (OR = 1.24 [1.06,
1.43]), immediate memory (OR = 1.23 [1.08, 1.41]), and prospective memory task (OR = 1.29 [1.11, 1.50]). The sleep-onset insomnia group also had lower heart
rate variability (OR = 1.23 [1.07, 1.43]). Secondary analyses found generally similar results in young vs older age of insomnia development.
Conclusions: Compared to maintenance insomnia, those with sleep-onset insomnia have more motor, cognitive, and autonomic signs/symptoms. When evaluat-
ing neurodegenerative risk, differentiating insomnia subtypes may increase precision.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Insomnia is one of the most common sleep-related disorders affecting 16–21% of the population worldwide.
Among studies to date, most have focused on neurodegeneration associated with primary insomnia, as a whole entity, but on its subtypes.
Study Impact: In this nation-wide population-based study, we found several objective motor, cognitive and autonomic abnormalities in those with symp-
toms of insomnia. These appear to be primarily driven by sleep-onset difficulties rather than sleep-maintenance insomnia.

INTRODUCTION

Insomnia is one of the most common sleep-related disorders. It is
estimated that 16–21% of the general population experiences some
difficulty sleeping at least 3 nights per week, and prevalence rises
with age worldwide.1 Chronic insomnia has been associated with
several major health events, such as cardiovascular diseases, diabe-
tes, mental illnesses, and neurodegenerative diseases.2–5

Symptoms of insomnia are common in neurological diseases
of aging, including parkinsonism, dementia, and cerebral vascu-
lar events.5,6 They are common early in the disease course,

suggesting that they may be present before diagnosis. A recent
meta-analysis suggested that insomnia symptoms may increase
risk of dementia (including Alzheimer disease) in later life.5

Another recent study from our study group found that insomnia
disorder was associated with lower cognitive performance on
objective neuropsychological tests compared to individuals with-
out insomnia.7 Insomnia was also found to be more prevalent in
probable prodromal parkinsonism in 2 studies.8,9

Among studies to date, most have focused primarily on the
association of primary insomnia, as a whole entity, but not the
subtypes within.5 This leaves an important gap, as not all
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insomnia is the same; for example, Parkinson disease is more
commonly associated with sleep-maintenance insomnia (MI)10

(falling asleep easily and early but then waking too early), but not
difficulty falling asleep (sleep-onset insomnia [OI]), whereas
Alzheimer disease is associated with a general circadian rhythm
disruption.11 Combining insomnia subtypes together may then
mask important differences in neurodegenerative associations.

In this study, we used the baseline data from the Canadian
Longitudinal Study on Aging (CLSA), a cohort focused on
detecting early signs of aging, recruiting 51,338 participants,
aged 45 to 85 years randomly sampled from 10 Canadian provin-
ces, stratified by age.12 The primary focus of the study was to
examine to what degree insomnia and its subtypes were associ-
ated with objective prodromal motor, cognitive, and autonomic
markers of neurodegeneration.

METHODS

Canadian Longitudinal Study on Aging cohort
This study was performed using the 30,097-person comprehen-
sive cohort, at the baseline, aged 45-85 years, recruited from the
51,000-person CLSA population-based cohort, as described
previously.12 Since the purpose of the study was to assess the
associations between insomnia symptoms and risk of parkin-
sonism and dementia, any participants reporting a diagnosis of
dementia/Alzheimer disease or parkinsonism/Parkinson disease
(PD) were excluded (details regarding the questionnaires are
listed in methods in the supplemental material) (Figure 1).

Case definition
Participants were screened for insomnia symptoms with 2 ques-
tions during the initial interview, adapted from the Pittsburgh
Sleep Quality Index,13 namely:

“Over the last month, how often did it take you more than 30 minutes to
fall asleep?” and

“Over the last month, how often did you wake in the middle of the night
or too early in the morning and found it difficult to fall asleep again?”

Those who answered “yes” to either of the 2 questions, with
symptom frequency of at least 3 nights per week were consid-
ered as having insomnia symptoms. Note that a clinical diagno-
sis of insomnia disorder requires that symptoms also have a
detrimental impact on quality of life.14,15 Since our primary
research question was centered around the relationship of sleep
symptoms per se to neurodegenerative markers, we did not
require symptoms to be distressing to participants or to impact
their daily function. On secondary analysis, we also assessed
relationships between full insomnia disorder and the same neu-
rodegenerative markers, according to International Classifica-
tion of Sleep Disorders, third edition.16 To avoid measuring
acute transient insomnia symptoms, those with symptom onset
within 3 months (n = 197) were excluded from the analysis.

Neurodegenerative signs and symptoms
A comprehensive list of self-reported symptoms and functional
measures, associated with prodromal parkinsonism or

dementia, were preselected to assess the risk of neurodegenera-
tion. All degenerative signs/symptoms were assessed at base-
line, expect for the incidence of falls, for which data were
acquired approximately 1 year after the baseline visit. The pri-
mary variables of interest were objective markers of potential
neurodegeneration (ie, dementia and gait/parkinsonism signs).
These included:

1. Quantitative Motor Tasks: standing balance task (amount
of time one can retain balanced while standing on 1 leg),
timed Sit-to-Stand task (in absence of additional support,
the total time needed to rise from sitting on a chair, with
both feet on the ground, repeated 5 times), timed 4-m walk
task (the amount of time to walk 4 m), timed Up-and-Go
task (time needed to rise up from a chair, walk for 3 m,
then return to the chair and sit back down),17 hand grip
strength test (the strength exerted to squeeze a dynamome-
ter with the dominant hand)18

2. Cognitive Assessments: verbal fluency ((F-A-S) task),
recall task (immediate and delayed modules), Miami Pro-
spective Memory Test19

3. Autonomic Neurological Assessments: heart-rate variability
(HRV). This was defined as the variation in heart rate
between 5 different 1-minute measures separated by 1
minute. HRV was calculated based on the equation for
calculating the root mean square of successive RR
interval differences.20 This serves as an indirect index
of the root mean square standard deviation – a time-
domain index that is believed to reflect parasympathetic
activities21

Heart RateVariability5
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(Equation 1)

In addition, we assessed several potential symptoms of neu-
rodegenerative disease. These included:

1. Motor Symptoms: Tanner’s PD questionnaire (a screening
questionnaire for PD that queries 9 different potential
symptoms),22 plus the incidence of falls

2. Other Sleep symptoms: Total hours of sleep < 6 (based on
self-reported average hours of sleep), RBD-1Q (a single
question screen for rapid eye movement sleep behavior
disorder),23 daytime somnolence (a question adapted from
Pittsburgh Sleep Quality Index)24

3. Psychological and Psychiatric Batteries: physician diagno-
sis of memory problem, physician diagnosis of depressive
or anxiety disorder, prior and current use of
antidepressants

4. Somatosensory Symptoms: self-reported chronic pain,
assessed via a single question: “Are you usually free of
pain or discomfort?”

To assess the associations with potential clinical neurode-
generative signs/symptoms, a cut-off of the bottom 15th percen-
tile of performance was set based on the ranking of raw values.
Sociodemographic variables were assessed as previously
defined.25
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Statistical analyses
Associations between insomnia (as a dependent variable) and
assessed variables were estimated using logistic regression
analysis adjusting for age and sex. For cognitive variables, we
also adjusted for years of education. Any responses labeled as

uncertain or “refused to answer” were omitted in all analyses.
For heart rate variability analysis, outliers (defined as 1.5 inter-
quartile range below the first quartile or above the third quar-
tile) within each group were excluded. Statistical analysis was
performed using R version 3.5.1.

Figure 1—STROBE flow diagram.

AD = Alzheimer disease, PD = Parkinson disease, STROBE = Strengthening the Reporting of Observational Studies in Epidemiology.
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Sensitivity analyses
Because of the differences in age, sex, education, and body
mass index, we also conducted a sensitivity analysis using pro-
pensity score matching for these four using the nearest neighbor
matching method in MatchIt, using a ratio of 1:1.26 Since rest-
less legs syndrome (RLS) may trigger symptoms of insomnia
and may be an independent risk factor for disease, we reas-
sessed the associations by 1) adjusting for presence of RLS
symptoms and 2) excluding participants with insomnia with
RLS symptoms. To address potential confounding by other
health conditions, we also conducted analyses adjusting for
potential confounders that could also cause positive clinical
abnormalities. These included:

1. Motor Signs: adjusted for arthritis, swelling joints, injuries
or surgeries in lower extremity, polio, stroke, transient
ischemic attack, diabetes, multiple sclerosis, body mass
index, age and sex

2. Psychiatric and Cognitive Symptoms: stroke, transient
ischemic attack, diabetes, diagnosis of depression or anxiety
(not used when assessing depression/anxiety), age, and sex

3. Possible rapid eye movement sleep behavior disorder
(RBD): use of antidepressant, posttraumatic stress disor-
der, age, and sex

4. Low HRV: any pre-existing cardiological condition, age,
and sex

5. Total Number of Abnormal Items: all of the selected con-
founding variables listed above.

To address potential associations of insomnia between men
and women, we conducted a secondary analyses stratified to sex.
Finally, since late-onset insomnia symptoms may be more likely
to reflect a recent-onset prodromal neurodegenerative symptom
(ie, a prodromal sign rather than a risk factor), we conducted a
secondary analysis stratifying participants with insomnia to older
age of insomnia onset (> 55 years) vs those with young onset
(before age 40 years). The 2 diverging cut-off points for age were
to explore differences between insomnia as a lifelong/longstand-
ing “risk factor” vs a recent-onset prodromal disease marker (ie,
prodromal neurodegeneration causes insomnia). We chose the
cut-offs to allow clear distinction (most neurodegenerative dis-
eases do not start before age 40 years) and to avoid confounds of
the perimenopausal state in women.27

Consent data availability
Written consent was obtained from all participants (or guardi-
ans of participants) in the study. Data access for the use of this
study was reviewed and granted by the CLSA Data and Sample
Access Committee. Applicants with a CLSA-approved project
and the members of the project teams, with a signature on
Schedule F of the CLSA Access Agreement form, are allowed
to have direct access to the raw data.

RESULTS

Characteristics of study population
Of 30,097 cohort participants, 289 were excluded due to possi-
ble dementia/parkinsonism, and 199 were excluded for missing

information on 1 of the insomnia questions. Among the remain-
ing 29,155 participants, 8,755 (29.6%) endorsed symptoms of
insomnia starting at least 3 months ago. Two thousand three
hundred seventy-one (8.0%) had both OI and MI, 2,051 (6.9%)
had isolated sleep-onset symptoms (OI) and 4,333 (14.6%) had
isolated sleep-maintenance symptoms (MI) (Figure 1). Fewer
than 5% of participants have at least 1 missing item of informa-
tion on any of the sleep variables assessed in this study.

Sociodemographic features
Regarding all subtypes of insomnia, women were more likely
to endorse insomnia symptoms (58.4% with insomnia were
female vs 47.6% without) (Table 1). Although both OI and MI
symptoms were more common among women, women were
more likely to endorse sleep-onset difficulties (adjusted odds
ratio [OR] onset vs maintenance = 1.51; 95% confidence inter-
val: 1.35, 1.68). Age was similar between those with insomnia
and those without (63.0 ± 10.2 vs 62.6 ± 10.2). No obvious dif-
ference in age was found between OI and MI subtypes (OI:
62.6 ± 10.2 vs MI: 62.5 ± 10.2); all subsequent estimates were
adjusted by age and sex.

Participants with OI were less likely to have been married or in
a common law relationship (OR to controls = 0.81 [0.72, 0.90]),
whereas the opposite relationship to controls was seen among
those withMI (OR=1.13 [1.04, 1.23]). Compared to both controls
and those with MI, those with OI had slightly increased weight
(0.2 kg difference on average), had slightly fewer total years of
education, lower annual income, and were more likely to have
retired. Participants with OI were likely to report having a non-
daytime work shift (8.5%) thanMI participants (6.8%).

Prodromal neurodegenerative signs

Objective motor signs

Overall, those with any type of insomnia symptom were slower
at numerous quantitative gait tests, including Timed-Up-and-Go
(9.7 vs 9.5 s), 4-m walking speed (4.34 vs 4.25 s), and Sit-to-
Stand task speed (2.70 vs 2.66 s) (Table 2 and Table 3). How-
ever, when divided according to subtypes, only those with OI
demonstrated gait abnormalities. No significant differences in
motor performance were observed between controls and those
with MI. All motor tests were significantly worse in participants
with OI vs those MI (balance time in OI= 36.6 s vs MI= 40.3 s,
Timed-Up-and-Go=9.9 s vs 9.5 s, 4-m walk= 4.34 s vs 4.26 s).

Neuropsychiatric assessments

The combined insomnia group did not, on average, differ from
controls on cognitive performance except for reduced perfor-
mance in task switching (Stroop ORadj = 1.07 [1.01, 1.13]) and
prospective memory task (ORadj = 1.13 [1.05, 1.21]). However,
when differentiated by subtype, participants with OI were more
likely to score > 1 standard deviation below mean on numerous
measures than both controls and those with MI. These included
verbal fluency (adjusted OR of lower 15th percentile = 1.15
[1.01, 1.30] to controls), memory (immediate recall ORadj =
1.127 [1.004, 1.264], prospective memory ORadj = 1.24
[1.09,1.40]), task switching (Stroop ORadj = 1.13 [1.02, 1.26],
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mental alternation ORadj = 1.16[1.03,1.32]), and psychomotor
speed (ORadj = 1.19 [1.07, 1.32]). There was no difference in
any neuropsychological measure between patients with MI and
controls.

Heart-rate variability

On the index of HRV, participants with insomnia overall had
less fluctuation in between heartbeats (index = 29.4 vs 28.5)
than controls, indicating possible sympathetic autonomic dener-
vation (Table 2). When differentiated by subtype, sleep-onset
participants had lower HRV (27.6) and were more likely to fall
within the lowest 15th percentile of HRV (17.1 vs14.7% in con-
trol; ORadj = 1.20[1.06,1.36]). However, neither measure of
HRV in the MI group was significantly different from controls.

Subjective measures

Motor symptoms

In terms of motor symptoms, the combined insomnia group
reported more motor symptoms than controls (0.7 vs 0.5 symp-
toms on the 9-item Tanner Parkinson screening questionnaire)
(Table 4). When differentiated by subtype, participants with OI
reported more motor symptoms than those with MI (0.7 vs 0.6,
OR=1.13 [1.07,1.18]); 8.7% of participants with OI endorsed ≥ 3
symptoms (the threshold for a positive parkinsonism screen), com-
pared to 4.5% of controls and 5.4% of those with MI) (Table 5).
Among the individual motor symptoms assessed in Tanner’s ques-
tionnaire, most symptoms were associated with both insomnia
subtypes (Table S2 in the supplemental material), except that gait
freezing and festination were similar between those with MI and
controls. Other than gait freezing, all symptoms related to poor
function in lower extremities were more common in OI than MI
groups. OI participants were more likely to report having a fall in
the following year after the initial interview (13.2%) than controls
(10.0%) orMI participants (11.2%).

Other nonmotor symptoms

With regard to other sleep problems, insomnia participants
overall slept less than controls (6.0 vs 7.1 hours) and were more
likely to report poor sleep quality (58.3% vs 11.0% in controls),
daytime sleepiness (14.4% vs 6.3%), and possible RBD-related
dream enactment behavior (7.8% vs 4.5%). Divided according
to subtype, both OI and MI subtypes had fewer hours of sleep
than controls, with participants with MI having less sleep than
those with OI (controls = 7.1, OI = 6.5 hours; MI = 6.1 hours).
Although both insomnia subgroups endorsed daytime somno-
lence, those with MI reported this more often (OI = 10.6%;
MI = 13.2%). On the contrary, the prevalence of possible RBD-
related symptoms, although higher in both groups (OI = 7.2%,
MI = 5.7%, controls = 4.5%), was highest among participants
with OI (ORadj = 1.82 [1.44, 2.29] to controls).

Whereas insomnia combined was associated with increase in
self-reported memory troubles compared to controls (2.0% vs
1.3%), this difference was driven mainly by participants with OI
(OI = 2.1%,MI= 1.6%) (Table 3). Although clinically diagnosed
depression and/or anxiety were more prevalent in both insomnia
groups than controls, the prevalence was much larger in OI
(OI = 32.6%, MI=20.6%, controls = 17.8%). Use of antidepres-
sants was the most common among OI participants (OI = 15.3%,
controls = 7.2%) but was less common in sleep-maintenance
group (5.8%). Both groups of participants with insomnia were
more likely to report frequent pain than controls, again with par-
ticipants with OI more likely to report having pain than those
withMI (controls = 32.9%, OI= 47.1%,MI =41.3%).

Sensitivity analyses

Modeling and adjustment

Since RLS may induce insomnia, we reassessed after adjusting
for the presence of RLS symptoms and performed a subgroup
analysis of those without RLS symptoms. After adjusting for
RLS, most associations remained similar except for an

Table 1—Sociodemographic status.

No
Insomnia

(n = 20,400)

All Insomnia
(n = 8,755)

Onset
Insomnia
(n = 2,051)

Maintenance
Insomnia
(n = 4,333)

All Insomnia
vs. Ctrl Onset vs Ctrl

Maintenance
vs Ctrl

Onset vs
Maintenance

n (%) or Mean ± SD ORAge&Sex_Adjusted [95% CI]
Sex, female 9,708 (47.6) 5,109 (58.4) 1,280 (62.4) 2,273 (52.5) 1.54 [1.46, 1.62] 1.83 [1.66, 2.01] 1.21 [1.14, 1.29] 1.51 [1.35, 1.68]

Age, y 63.0 ± 10.2 62.6 ± 10.2 62.6 ± 10.3 62.5 ± 10.2 1.00 [0.99, 1.00] 1.00 [0.99, 1.00] 1.00 [0.99, 1.00] 1.00 [1.00, 1.01]

Body mass index, kg/
m2

28.0 ± 5.3 28.2 ± 5.7 28.5 ± 5.7 27.9 ± 5.5 1.008 [1.004, 1.012] 1.02 [1.01, 1.03] 1.00 [0.99, 1.01] 1.02 [1.01, 1.03]

Ethnicity, Caucasian 19,486 (96.1) 8,399 (96.7) 1,946 (95.7) 4,188 (97.3) 1.16 [1.01, 1.33] 0.86 [0.69, 1.09] 1.43 [1.18, 1.75] 0.61 [0.46, 0.81]

Married/common law 15,317 (79.3) 6,284 (76.9) 1,405 (74.0) 3,296 (80.6) 0.92 [0.87, 0.98] 0.81 [0.72, 0.90] 1.13 [1.04, 1.23] 0.71 [0.62, 0.80]

Annual income (per
1,000 CAD)

59.2 ± 35.7 53.3 ± 35.3 48.5 ± 33.5 58.9 ± 36.3 0.9963 [0.9955, 0.9971] 0.992 [0.991, 0.994] 1.000 [0.999, 1.001] 0.992 [0.991, 0.994]

Years of education 13.7 ± 2.3 13.4 ± 2.3 13.2 ± 2.3 13.6 ± 2.3 0.94 [0.93, 0.95] 0.92 [0.90, 0.94] 0.98 [0.97, 0.99] 0.94 [0.92, 0.96]

Employment status and work schedule

Retired 11,239 (55.3) 4,855 (55.6) 1,182 (57.9) 2,333 (54.0) 1.11 [1.04, 1.19] 1.30 [1.14, 1.47] 1.03 [0.94, 1.12] 1.26 [1.09, 1.45]

Daytime job 18,758 (92.6) 8,005 (92.2) 1,848 (91.5) 4,021 (93.2) - - - -

Non-daytime job 1,494 (7.4) 680 (7.8) 171 (8.5) 292 (6.8) 1.06 [0.96, 1.16] 1.16 [0.98, 1.37] 0.89 [0.77, 1.01] 1.31 [1.07, 1.61]

CAD = Canadian dollars, CI = confidence interval, Ctrl = control, OR = odds ratio, SD = standard deviation.
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attenuation of relationships with verbal fluency, memory
tasks (immediate and delay recall), and task switching
(Figure 2). Results remained similar after excluding those with
RLS symptoms among participants with insomnia. To address
potential confounding between insomnia and other health events,
we also assessed the relationship between insomnia and several

preselected disease comorbidities and conducted regression anal-
yses with these additional covariates. Participants with MI, but
not those with OI, were more likely to have history of both cere-
bral vascular attack (1.89 vs 1.50%; ORadj = 1.33 [1.03, 1.69])
and/or transient ischemic attack (3.41 vs 2.91%; ORadj = 1.24
[1.03, 1.49]) compared to controls (Table S4 in the supplemental

Table 2—Prodromal neurodegenerative signs in all insomnia combined.

No Insomnia
(n = 20,400)

All Insomnia
(n = 8,755) All Insomnia vs Ctrl

n (%) or Mean ± SD ORAge&Sex(+Education)_Adjusted
[95% CI]

Motor signs

Balance task

Best performance (seconds) 39.7 ± 23.3 38.51 ± 23.48 -

<15th percentile 2,799 (14.5) 1,271 (15.6) 1.16 [1.07, 1.25]

Timed-Up-and-Go

Total time 9.51 ± 2.39 9.69 ± 2.89 -

<15th percentile 2,862 (14.2) 1,384 (16.1) 1.23 [1.14, 1.32]

4-m walk task 4.25 ± 1.04 4.34 ± 1.17 1.08 [1.06, 1.11]

Sit-to-stand

Average time/trial 2.66 ± 0.75 2.70 ± 0.86 1.07 [1.04, 1.11]

Neuropsychiatric signs

F-A-S verbal fluency task

Total score 39.3 ± 12.7 39.08 ± 12.83 -

<15th percentile 3,090 (15.7) 1,412 (16.7) 1.06 [0.99, 1.14]

Recall task

Immediate recall 5.85 ± 1.91 5.90 ± 1.89 -

<15th percentile 4,705 (23.8) 1,928 (22.8) 1.01 [0.94,1.07]

Delayed recall 4.04 ± 2.17 4.11 ± 2.14 -

<15th percentile 4,628 (23.5) 1,834 (21.7) 0.96 [0.90, 1.03]

Miami prospective memory task

Time-based score 8.67 ± 0.94 8.65 ± 0.95 0.97 [0.94, 0.99]

Event-based score 8.45 ± 1.39 8.43 ± 1.39 0.98 [0.97, 1.00]

Accuracy 11.2 ± 1.7 11.2 ± 1.7 0.98 [0.96, 0.99]

<15th percentile 3,025 (15.1) 1,394 (16.2) 1.13 [1.05, 1.21]

Psychomotor speed task and
task switching

Stroop interference error 0.68 ± 2.02 0.71 ± 2.01 -

>85th percentile 5,180 (25.83) 2,347 (27.32) 1.07 [1.01, 1.13]

Mental Alternation Task
(MMSE)

26.68 ± 8.78 26.42 ± 8.57 -

<15th percentile 3,009 (15.5) 1,340 (16.08) 0.998 [0.927, 1.074]

Choice reaction task

Accuracy 98.86 ± 3.03 98.88 ± 3.03 -

<15th percentile 5,359 (26.63) 2,288 (26.53) 1.04 [0.98, 1.10]

Nonmotor signs

Autonomic abnormality

Heart rate variability 29.4 ± 28.6 28.5 ± 28.3 -

<15th percentile 2,924 (14.7) 1,331 (15.6) 1.08 [1.01, 1.16]

CI = confidence interval, Ctrl = control, F-A-S = verbal fluency task, MMSE = Mini–Mental State Examination, OR = odds ratio, SD = standard deviation.
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Table 3—Prodromal neurodegenerative signs among sleep maintenance vs sleep onset insomnia subtypes.

Onset Insomnia
(n = 2,051)

Maintenance
Insomnia
(n = 4,333) Onset vs Ctrl Maintenance vs Ctrl

Onset vs
Maintenance

n (%) or Mean ± SD ORAge&Sex(+Education)_Adjusted [95% CI]

Motor signs

Balance task

Best performance
(seconds)

36.6 ± 23.7 40.3 ± 23.0 - - -

<15th percentile 330 (17.4) 592 (14.4) 1.33 [1.16, 1.52] 1.05 [0.94, 1.16] 1.28 [1.09, 1.50]

Timed-Up-and-Go

Total time 9.90 ± 3.64 9.50 ± 2.66 - - -

<15th percentile 378 (18.8) 576 (13.5) 1.52 [1.34, 1.73] 0.98 [0.89, 1.09] 1.55 [1.33, 1.80]

4-m walk task 4.34 ± 1.17 4.26 ± 1.17 1.13 [1.08, 1.17] 1.01 [0.98, 1.04] 1.11 [1.06, 1.17]

Sit-to-stand

Average time/trial 2.79 ± 1.06 2.63 ± 072 1.21 [1.14, 1.28] 0.95 [0.91, 1.00] 1.27 [1.18, 1.36]

Neuropsychiatric signs

F-A-S verbal fluency
task

Total score 38.4 ± 12.9 39.8 ± 12.8 - - -

<15th percentile 364 (18.3) 630 (15.0) 1.15 [1.01, 1.30] 0.97 [0.88, 1.07] 1.18 [1.01, 1.37]

Recall task

Immediate recall 5.83 ± 1.94 5.95 ± 1.88 - - -

<15th percentile 496 (25.0) 918 (21.9) 1.127 [1.004, 1.264] 0.96 [0.88, 1.04] 1.19 [1.04, 1.37]

Delayed recall 4.06 ± 2.18 4.14 ± 2.15 - - -

<15th percentile 461 (23.2) 897 (21.4) 1.07 [0.95, 1.20] 0.93 [0.86, 1.02] 1.17 [1.02, 1.35]

Miami prospective
memory task

Time-based score 8.63 ± 0.98 8.69 ± 0.88 0.95 [0.91, 1.00] 1.01 [0.97, 1.05] 0.94 [0.89, 1.00]

Event-based
score

8.37 ± 1.50 8.48 ± 1.32 0.96 [0.93, 0.99] 1.01 [0.98, 1.04] 0.95 [0.91, 0.99]

Accuracy 11.1 ± 1.8 11.3 ± 1.6 0.96 [0.94, 0.99] 1.00 [0.98, 1.02] 0.96 [0.93, 0.99]

<15th percentile 359 (17.8) 614 (14.4) 1.24 [1.09, 1.40] 0.98 [0.88, 1.07] 1.27 [1.09, 1.47]

Psychomotor speed
task and task
switching

Stroop
interference error

0.77 ± 1.98 0.63 ± 1.96 - - -

>85th percentile 578 (28.73) 1,050 (24.59) 1.13 [1.01, 1.25] 0.95 [0.88, 1.03] 1.19 [1.05, 1.35]

Mental alternation
task

25.83 ± 8.9 27.16 ± 8.35 - - -

<15th percentile 367 (18.82) 561 (13.55) 1.16 [1.02, 1.32] 0.86 [0.78, 0.95] 1.38 [1.18, 1.60]

Choice reaction task

Accuracy 98.72 ± 3.28 98.97 ± 2.93 - - -

<15th percentile 595 (29.4) 1,056 (24.71) 1.19 [1.07, 1.32] 0.94 [0.87, 1.02] 1.27 [1.13, 1.44]

Nonmotor signs

Autonomic
abnormality

Heart-rate
variability

27.6 ± 24.0 29.7 ± 30.5 - - -

<15th percentile 340 (17.1) 605 (14.3) 1.20 [1.06, 1.36] 0.98 [0.89, 1.08] 1.24 [1.07, 1.43]

CI = confidence interval, Ctrl = control, F-A-S = verbal fluency task, OR = odds ratio, SD = standard deviation.
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material). Diabetes was more common in participants with OI
than the controls (21.2% vs 16.8%, OR=1.43 [1.26, 1.59]) and
participants withMI (17.90%; ORadj = 1.29 [1.13, 1.47]). Adding
these variables to the model had modest effects, again with atten-
uation of some cognitive measures (Figure 2).

Demographic matching

Due to the differences in demographic characteristics among the
3 study groups, we performed a sensitivity analysis on a subsam-
ple that was closely matched for age, sex, body mass index, and
years of education (n= 2,041 participants for each group). Point
estimates of all OR were broadly similar to that of the primary
analysis (Table S3 in the supplemental material), although in
some cases, the previous observed associations within this
smaller subgroup became nonsignificant (eg, diagnosis of poor
cognition and average low HRV were significantly more com-
mon in OI thanMI, but not more when comparing to controls).

Insomnia disorder

We reassessed all the associations in a subgroup of individuals
who fulfilled the clinical diagnosis of insomnia disorder (ie,

adding a requirement for impact of sleep symptoms on function).
Overall, patterns of effects were similar to the broader group. As
in the broader group, insomnia disorders were more common in
female participants and associated with fewer total years of edu-
cation and younger age. Participants with onset insomnia disor-
der were also slightly heavier than the controls. (Table 6).
Isolated OI disorder was associated with poorer motor function
than those without insomnia and those with maintenance insom-
nia disorder. Of the cognitive tasks, poor verbal fluency and
choice reaction retained their associations with isolated OI disor-
der, with no associations found in those with the MI. Anxiety/
depression were strongly associated with both insomnia disor-
ders. Possible RBD and low HRV were associated with isolated
OI disorders but not theMI. Results were similar after adjustment
for the presence of RLS symptoms.

Secondary analyses

Men vs women

The relationship between prodromal markers and insomnia was
present in both sexes (Table S5 in the supplemental material).

Table 4—Prodromal neurodegenerative symptoms in all insomnia combined.

No Insomnia
(n = 20,400)

All Insomnia
(n = 8,755) All Insomnia vs Ctrl

n (%) or Mean ± SD ORAge&Sex(+Education)_Adjusted
[95% CI]

Motor symptoms

Tanner questionnaire

Overall score 0.46 ± 0.92 0.67 ± 1.14 1.22 [1.19, 1.25]

Score ≥ 3 909 (4.46) 669 (7.64) 1.86 [1.68, 2.07]

Fall (last year)

At least 1 fall 1,959 (10.0) 1,047 (12.6) 1.26 [1.16, 1.36]

Number of falls 1.40 ± 1.57 0.20 ± 0.90 1.11 [1.07, 1.15]

Neuropsychiatric symptoms

Psychiatric and cognitive
symptoms

Self-reported memory problem 270 (1.33) 171 (1.95) 1.52 [1.25, 1.84]

Depression/anxiety 3,618 (17.8) 2,271 (26.0) 1.53 [1.44, 1.62]

Prescribed antidepressant 1,474 (7.24) 868 (9.96) 1.31 [1.20, 1.43]

Nonmotor symptoms

Sleep

Sleep hours 7.14 ± 1.06 6.03 ± 1.30 0.41 [0.40, 0.42]

Poor sleep quality 2,239 (11.0) 5,104 (58.3) 11.3 [10.6, 12.0]

Daytime sleepinessa 1,292 (6.34) 1,253 (14.3) 2.55 [2.35, 2.77]

Possible RLS symptoms 2,796 (13.84) 1,924 (22.33) 1.71 [1.60, 1.82]

Possible RBD 517 (3.07) 279 (4.08) 1.41 [1.21, 1.64]

Pain

Chronic pain (most days) 6,432 (32.9) 3,798 (45.7) 1.68 [1.59, 1.77]

aDaytime sleepiness was defined as participants experiencing trouble staying awake during daytime at least 6 days per week for minimum of 3 month.
Participants who slept less than 6 hours on average per night or self-reported endorsing narcolepsy were excluded. CI = confidence interval, Ctrl = control, OR
= odds ratio, RBD = rapid eye movement sleep behavior disorder, RLS = restless legs syndrome, SD = standard deviation.
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However, associations were generally more robust in men than in
women. Except for HRV, the point estimate of each marker’s OR
was higher in men. In the case of verbal fluency and possible
RBD, the 95% confidence interval between men and women did
not overlap, and the strength of association was stronger in men.

Age of onset

To address the potential differences between lifelong insomnia
(as a potential risk factor for disease) and recent-onset insomnia
(as a possible prodromal marker of disease), we stratified
groups into young-onset (≤ 40 years old) and older-onset (≥ 55
years old) insomnia (Table S6 and Table S7 in the supplemen-
tal material) The older-onset group was generally more likely to
endorse isolated sleep-maintenance rather than OI. Self-
reported motor symptoms were more common in young-onset
MI than those with older-onset (eg, OR falls = 1.30 [1.03, 1.63]

for young-onset maintenance group vs 1.01 [0.86, 1.18] for the
older-onset maintenance group). However, for all objective
neurodegenerative markers, no clear differences between early
and late onset were seen.

Other confounders

We conducted additional analysis adjusting for additional con-
founders, including numerous major health events, smoking, and
heavy drinking. Results were generally similar to models without
these variables (eg, seeTable S4; other data not shown).

DISCUSSION

Capitalizing upon a large population-based cohort, in which an
array of objective neurological markers were assessed, we were

Table 5—Prodromal neurodegenerative symptoms among sleep maintenance vs sleep onset insomnia subtypes.

Onset Insomnia
(n = 2,051)

Maintenance
Insomnia
(n = 4,333) Onset vs Ctrl Maintenance vs Ctrl

Onset vs
Maintenance

n (%) or Mean ± SD ORAge&Sex(+Education)_Adjusted [95% CI]

Motor symptoms

Tanner
questionnaire

Overall score 0.70 ± 1.19 0.57 ± 1.00 1.26 [1.21, 1.31] 1.14 [1.10, 1.18] 1.13 [1.07, 1.18]

Score ≥3 179 (8.73) 235 (5.42) 2.17 [1.83, 2.58] 1.29 [1.11, 1.49] 1.68 [1.37, 2.07]

Fall (last year)

At least 1 fall 255 (13.2) 463 (11.2) 1.30 [1.13, 1.50] 1.12 [1.00, 1.24] 1.17 [1.00, 1.38]

Number of falls 1.65 ± 2.60 1.40 ± 1.05 1.06 [1.00, 1.12] 1.00 [0.93, 1.07] 1.09 [1.00, 1.21]

Neuropsychiatric symptoms

Psychiatric and
cognitive symptoms

Self-reported
memory problem

43 (2.10) 69 (1.59) 1.65 [1.17, 2.26] 1.23 [0.94, 1.60] 1.40 [0.94, 2.05]

Depression/
anxiety

666 (32.6) 889 (20.6) 2.06 [1.86, 2.28] 1.15 [1.06, 1.25] 1.81 [1.61, 2.05]

Prescribed
antidepressant

311 (15.3) 251 (5.82) 2.09 [1.82, 2.38] 0.76 [0.66, 0.87] 2.82 [2.36, 3.36]

Nonmotor symptoms

Sleep

Sleep hours 6.5 ± 1.3 6.1 ± 1.2 0.57 [0.55, 0.59] 0.40 [0.39, 0.42] 1.30 [1.24, 1.35]

Poor sleep quality 901 (44.0) 2,446 (56.5) 6.27 [5.68, 6.92] 10.5 [9.8, 11.3] 0.59 [0.53, 0.66]

Daytime
sleepinessa

216 (10.6) 571 (13.2) 1.82 [1.56, 2.11] 2.30 [2.07, 2.55] 0.80 [0.67, 0.94]

Possible RLS
symptoms

494 (24.56) 824 (19.27) 1.90 [1.70, 2.12] 1.46 [1.34, 1.59] 1.31 [1.15, 1.49]

Possible RBD 67 (4.29) 128 (3.65) 1.54 [1.17, 1.98] 1.22 [1.00, 1.48] 1.23 [0.91, 1.67]

Pain

Chronic pain
(most days)

912 (47.1) 1,713 (41.3) 1.75 [1.59, 1.92] 1.43 [1.33, 1.53] 1.23 [1.10, 1.37]

aDaytime sleepiness was defined as participants experiencing trouble staying awake during daytime at least 6 days per week for minimum of 3 month.
Participants who slept less than 6 hours on average per night or self-reported endorsing narcolepsy were excluded. CI = confidence interval, Ctrl = control, OR
= odds ratio, RBD = rapid eye movement sleep behavior disorder, RLS = restless legs syndrome, SD = standard deviation.
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able to explore the relationship between symptoms/subtypes of
insomnia and signs of potential prodromal neurodegeneration.
On numerous objective measures, participants with insomnia
overall had worse gait function (balance and transfer/gait speed/
turning), cognition (prospective memory and choice reaction
task), and lower heart rate variability than controls. This was in
addition to numerous self-reported motor/cognitive symptoms.
However, when divided according to subtype, most of these dif-
ferences were seen specifically in those with OI, with few

differences between participants with MI and controls. Stratify-
ing the cohort by sex or age-at-symptom-onset produced similar
results.

Motor dysfunction
Our study found that those with insomnia symptoms, particu-
larly OI, were more likely to endorse motor symptoms and have
motor slowing on objective gait tests. Our findings are

Figure 2—Associations between neurodegenerative signs/symptoms and insomnia subtypes.

Primary analysis: age and sex (+ education and language). Full data: age and sex (+ education and language) among participants with complete information of the
assessed neurodegenerative sign/symptoms. RLS: primary analysis + RLS. Exclude RLS: age and sex (+ education and language) with insomnia positive partici-
pants without RLS. Full model: adjusted with RLS, and the following classified according to the variable categories: aMotor sign: arthritis, injuries or surgeries, swell-
ing joins in lower extremity, polio, stroke, transient ischemic attack, diabetes, multiple sclerosis, age, and sex. bPsychiatric and psychological symptoms: stroke,
transient ischemic attack, diabetes, depression/anxiety, age, sex, and total years of education. cPossible RBD: use of antidepressant, posttraumatic stress disorder,
age, and sex. dLow HRV: any pre-existing cardiological condition, age, and sex. eNumbers of abnormal items: all of the selected confounding variables listed above.
F-A-S = verbal fluency task, HRV = heart-rate variability, pRBD = possible rapid eye movement sleep behavior disorder, RBD = rapid eye movement sleep behavior
disorder, RLS = restless legs syndrome.
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consistent with prior studies. In a study using the Taiwan
National Health Insurance program, insomnia (as a global
symptom) marked an increased risk of developing parkinson-
ism.28 In the United Kingdom primary care database,9 patients
with PD were 1.4 times more likely to have visited a health care

professional for insomnia 0–2 years before PD diagnosis (no
significant relationship was seen at longer prediagnostic inter-
vals). In a Taiwanese retrospective study, insomnia was associ-
ated with a 2-fold increased risk of PD, from as long as 7 to 10
years from baseline evaluation.28 Neither of these studies

Table 6—Prodromal neurodegenerative signs and symptoms according to diagnosis of possible insomnia disorder.

Isolated Onset
Insomnia
(n = 473)

Isolated Maintenance
Insomnia Disorder

(n = 1,044) Onset vs Ctrl Maintenance vs Ctrl
Onset vs

Maintenance

n (%) or Mean ± SD ORAge&Sex(+Education)_Adjusted [95% CI]

Demography

Sex, female 317 (67.0) 584 (55.9) 2.21 [1.83,2.69] 1.38 [1.22,1.57] 1.60 [1.28,2.01]

Age, y 60.4 ± 9.8 60.1 ± 9.7 0.97 [0.96,0.98] 0.97 [0.97,0.98] 1.00 [0.99,1.01]

Body mass index,
kg/m2

27.8 ± 5.6 29.3 ± 6.4 1.04 [1.02,1.05] 0.99 [0.98,1.01] 1.05 [1.03,1.06]

Years of education 13.7 ± 2.2 13.3 ± 2.2 0.91 [0.88,0.95] 0.98 [0.95,1.01] 0.93 [0.88,0.98]

Clinical signs/symptoms

Motor sign

Tanner score >3 56 (11.8) 66 (6.32) 3.81 [2.80,5.09] 1.82 [1.38,2.35] 2.17 [1.47,3.20]

Poor balance 72 (16.5) 115 (11.6) 1.62 [1.22,2.12] 1.00 [0.81,1.23] 1.66 [1.17,2.35]

Slow Timed-Up-
and-Go

110 (23.8) 135 (13.1) 2.81 [2.21,3.55] 1.17 [0.96,1.42] 2.30 [1.70,3.11]

Fall (in last year) 68 (15.3) 122 (12.2) 1.57 [1.19,2.02] 1.25 [1.02,1.51] 1.27 [0.91,1.74]

Psychiatric and
psychological
symptoms

Low F-A-S total
score

84 (18.5) 134 (13.2) 1.33 [1.03,1.70] 0.92 [0.76,1.12] 1.44 [1.04,1.97]

Poor immediate
recall

98 (21.4) 184 (18.3) 1.14 [0.89,1.44] 0.89 [0.75,1.05] 1.32 [0.97,1.78]

Poor delayed
recall

88 (19.1) 183 (18.1) 1.00 [0.78,1.28] 0.87 [0.73,1.04] 1.17 [0.86,1.59]

Poor prospective
memory

118 (25.4) 250 (24.2) 1.08 [0.87,1.34] 1.04 [0.89,1.21] 1.06 [0.81,1.37]

Poor Stroop
performance

79 (17.5) 137 (13.7) 1.24 [0.95,1.59] 0.98 [0.81,1.18] 1.23 [0.89,1.69]

Poor mental
alteration

132 (28.1) 254 (24.6) 1.21 [0.98,1.48] 0.98 [0.84,1.13] 1.27 [0.99,1.63]

Poor choice
reaction

95 (20.4) 144 (14.1) 1.80 [1.41,2.28] 1.10 [0.91,1.32] 1.61 [1.18,2.17]

Clinical anxiety/
depression

230 (48.9) 290 (27.8) 3.85 [3.19,4.64] 1.63 [1.41,1.88] 2.40 [1.91,3.02]

Nonmotor signs

pRBD 18 (5.08) 29 (3.58) 1.86 [1.11,2.93] 1.22 [0.82,1.76] 1.52 [0.81,2.76]

Low HRV 84 (18.3) 143 (14) 1.43 [1.12,1.82] 1.03 [0.85,1.23] 1.42 [1.05,1.91]

Other sleep symptoms

Sleep

Poor sleep quality 267 (56.57) 689 (66) 9.99 [8.28,12.1] 15.2 [13.3,17.4] 0.67 [0.54,0.84]

Possible RLS
symptoms

131 (28.7) 215 (20.9) 2.34 [1.89,2.87] 1.62 [1.38,1.89] 1.46 [1.13,1.89]

CI = confidence interval, Ctrl = control, F-A-S = verbal fluency task, HRV = heart-rate variability, OR = odds ratio, pRBD = possible rapid eye movement sleep
behavior disorder, RBD = rapid eye movement sleep behavior disorder, RLS = restless legs syndrome, SD = standard deviation.
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assessed sleep-onset vs MI subtypes. A study of patients with
idiopathic rapid eye movement sleep behavior disorder (the
strongest known prodromal marker of PD) found higher preva-
lence of insomnia compared to controls. However, insomnia
symptoms in patients with RBD at baseline did not increase the
risk of phenoconversion later on.8 This study did compare
insomnia subtypes, finding that MI was more common among
idiopathic RBD (iRBD) patients at baseline, but resolved over
time (perhaps reflecting either progressive somnolence/sleep
drive or treatment-related reduction in arousals caused by
directly by RBD).

The fact that OI and MI were associated with motor deficits
is somewhat surprising, considering that MI is the most com-
mon subtype observed in PD. Of note, the objective measures
in this study were gait measures; therefore, gait problems
unrelated to PD may underlie the effect; these might include
consequences of cerebrovascular lesions, prodromal Alzheimer
dementia symptoms (Alzheimer disease is much more common
than PD, so even smaller prodromal motor changes could drive
differences29,30), or other unrecognized confounds/conditions.
Falling and other gait dysfunction may predate diagnosis of
“vascular parkinsonism”, which is consistent with the findings
in a recent meta-analysis suggesting that insomnia disorder is a
risk factor for stroke.31 Several previous meta-analysis studies
have identified that insomnia symptoms as a whole are associ-
ated with new incidence of stroke and cerebral vascular events
but do not contribute to mortality.32,33 Prospective follow-up
will be able to address whether OI is a risk factor for (vascular)
parkinsonism in our population.

Cognition and nonmotor symptoms
Overall, we found a modest association between insomnia
symptoms and poor cognitive performance on certain tasks,
which was evident only in those with OI, even after adjusting
for depression/anxiety, stroke, transient ischemic attack, diabe-
tes, pain, apnea, RLS, and possible comorbid conditions
(Figure 2 and Table S4, Table S9, and Table S10 in the sup-
plemental material). These results are broadly similar to a
recent study using the same cohort, in which patients with full
defined insomnia disorder had increased cognitive impairment,
without any clear differences between MI and OI (although
power was insufficient for direct comparison).7 Note that the
case definition of insomnia was not the same as the current
study; here we were interested in studying whether changes in
sleep per se are associated with neurodegenerative markers (ie,
irrespective of a perceived negative impact upon quality of life,
which is required for an insomnia clinical diagnosis). Our
results are consistent with other prospective studies suggesting
that insomnia may be a prodromal dementia symptom. These
include 2 Taiwanese population-based studies that found that
insomnia increases patients’ risk of developing dementia after
adjusting for vascular- events and other related confound-
ers.34,35 Hoile et al36 noted an increase in risk of developing
dementia retrospectively among those with prior diagnosis of
insomnia up to a decade. Similarly, Osorio et al37 also reported
a 2.39-fold increased dementia risk among 655 New Yorkers
with insomnia. In a retrospective all-male veteran US study

(aged 55 years and above), insomnia at midlife was associated
with 27% increased risk of developing various dementia sub-
types, except vascular and Lewy body dementia.38 A Swedish
study also found an increased risk in the occurrence of dementia
among those with long-term insomnia.39 By contrast, the
Honolulu-Asia Aging Study reported that insomnia was not
able to predict the occurrence of cognitive decline or dementia
among Asian men.40 Moreover, the prospective French Three-
City Study found no association between insomnia and cogni-
tive decline over an 8-year follow-up period41; this study also
found that those endorsing MI were less likely to experience
cognitive decline. Therefore, these findings suggest that any
future study measuring insomnia as a risk factor for dementia
should carefully delineate onset vs maintenance subtypes
(Table S2).

Among the specific cognitive assessments, poor perfor-
mance in prospective memory and choice reaction task were
persistently associated with OI, even after adjusting for cerebral
vascular events and related-health events (Figure 2). Since no
difference was found when assessing the time needed to com-
plete the tasks, the observed pattern may be associated with
attention deficit and poor execution. Abnormalities on these
tests can be associated with Alzheimer disease, vascular demen-
tia, and Lewy body dementia, even during their prodromal
phases.42–45 However, 2 recent UK Biobank Mendelian ran-
domized studies found no association between overall insomnia
and Alzheimer disease-related genetic risks.46,47 In our study,
when assessing the cardinal signs of Alzheimer dementia, using
the recall tasks, we found no association when pooling all
insomnia symptoms together either (Table 2). Although we did
observe a mild association between onset-insomnia symptom
and poor immediate recall, the associations were stronger with
non-Alzheimer dementia specific signs (such as poor choice
reaction and mental alternation tests). Prospective follow-up
will help to determine whether these tests can identify specific
subtypes of dementia for which OI is a risk factor.

In addition to the motor signs, we also observed a relatively
persistent association between OI and nonmotor signs/symp-
toms even after adjusting for multiple comorbidities. Depres-
sion and anxiety were associated with insomnia; these are
well-established but nonspecific risk factors for many diseases
and health event and may predate the phenoconversion up to 2
decades.48–51 There is also growing evidence showing that car-
diac autonomic dysfunction manifested as loss of the normal
HRV during midlife is a risk factor for developing cognitive
impairment and dementia later in life.52,53 Interestingly, in our
study, participants with OI had lower HRV and endorsed poorer
performance in certain cognitive batteries.

Limitations and strengths
Some limitations of this study should be noted. Since insomnia
diagnosis is primarily based on self-report, it is, by definition, sub-
ject to recall/reporting bias. This may manifest itself as differences
in recognition of symptoms (eg, poor insight into insomnia may
be more common in those with memory impairment), inaccurate
recall of time of onset, or potential overreporting of symptoms
among patients with anxiety or depressive disorders (although we
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saw no clear differences in effect when adjusting for mental ill-
ness) (Figure 2). The absence of information on sleep medications
is another unmeasured confounder in this study, as long-term
usage of certain medications (eg, long-acting benzodiazepines)
may impair cognition (note that this should not clearly account for
the observed differences in sleep onset vs maintenance insomnia).
Although we were able to adjust for the potential confounding
effects of comorbid sleep symptoms, comorbid medical condi-
tions, and smoking/drinking in the sensitivity analyses, additional
unmeasured confounds may still exist. Motor assessments were
limited to gait measures; studies in other populations have sug-
gested that upper limb tests (eg, Purdue Peg Board or Alternative
Finger Tap Test) may be more sensitive for detecting early prodro-
mal parkinsonism.50 Assessment of HRV used only the variation
in pulse between 5 consecutive measures and should be consid-
ered exploratory. Because of the nature of the pulse data (5 inde-
pendent pulse rates), we were unable to examine specific patterns
of abnormality such as high-frequency, low-frequency, and very-
low-frequency alterations. The recruitment procedures of the
CLSA exclude those with baseline dementia from assessment;
thus, we are unable to assess links between insomnia and dementia
in this cross-sectional study. It is notable that participants with OI
seem to be worse on numerous measures of health, depression,
etc; this might suggest that unmeasured confounds could underlie
the association between sleep and neurodegenerative markers.
Finally, this is a cross-sectional study; prospective follow-up
(ongoing) will allow direct assessment of whether insomnia pre-
dicts dementia or (vascular) parkinsonism.

On the other hand, this study has some important advantages.
Because the study has a large sample size that used population-
based sampling, the association between OI and neurodegenera-
tion signs/symptoms were likely to be representative to the true
population. With detailed assessment of general health events,
we were able to adjust for multiple potential confounders. The
fact that gait and cognition were assessed with standardized
objective measures minimizes effects of response bias. Because
we also screened for RLS, we were able to address confounding
by potential RLS symptoms, finding results that were relatively
similar (noting, however, that RLS screen does not include clini-
cian interview to rule out mimics). Similarly, none of the poten-
tial interaction terms between other sleep disorders and the use of
antidepressant significantly alter the associations (among the
nonpsychiatric variables) found in the primary analyses.

In summary, our study found several objective motor and cog-
nitive abnormalities in those with symptoms of insomnia. These
appear to be largely driven by abnormalities in sleep onset, rather
than MI. Future prospective studies will help confirm to what
degree insomnia subtypes predict neurodegenerative disorders
(eg, dementia, vascular diseases, and parkinsonism).

ABBREVIATIONS

CLSA, Canadian Longitudinal Study on Aging
HRV, heart-rate variability
MI, sleep-maintenance insomnia
OI, sleep-onset insomnia

OR, odds ratio
PD, Parkinson disease
RBD, rapid eye movement sleep behavior disorder
RLS, restless legs syndrome
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