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Objective: Cross-sectional studies suggest that sleep fragmentation is associated with cognitive performance in older adults. We tested the hypothesis that sleep fragmentation is associated with incident Alzheimer’s disease (AD) and the rate of cognitive decline in older adults.
Design: Prospective cohort study.
Setting: Community-based
Participants: 737 community dwelling older adults without dementia.
Measurements and Results: Sleep fragmentation was quantified from up to 10 consecutive days of actigraphy. Subjects underwent annual evaluation for AD with 19 neuropsychological tests. Over a follow-up period of up to 6 years (mean 3.3 years), 97 individuals developed AD. In a Cox
proportional hazards model controlling for age, sex, and education, a higher level of sleep fragmentation was associated with an increased risk of
AD (HR = 1.22, 95%CI 1.03-1.44, P = 0.02 per 1SD increase in sleep fragmentation). An individual with high sleep fragmentation (90th percentile)
had a 1.5-fold risk of developing AD as compared with someone with low sleep fragmentation (10th percentile). The association of sleep fragmentation with incident AD did not vary along demographic lines and was unchanged after controlling for potential confounders including total daily rest
time, chronic medical conditions, and the use of common medications which can affect sleep. In a linear mixed effect analysis, a 0.01 unit increase
in sleep fragmentation was associated with a 22% increase in the annual rate of cognitive decline relative to the average rate of decline in the cohort
(Estimate = -0.016, SE = 0.007, P = 0.03).
Conclusions: Sleep fragmentation in older adults is associated with incident AD and the rate of cognitive decline.
Keywords: Actigraphy, Alzheimer’s disease, cognitive decline, epidemiology, sleep fragmentation
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INTRODUCTION
Cognitive impairment and dementia together constitute a
growing public health concern. The prevalence of dementia
among Americans over the age of 71 has been estimated at 14%,1
and a further 22% have cognitive impairment without dementia.2
Moreover, the number of Americans older than 65 years old will
double to about 80 million by the year 2030, with the most rapid
growth in those 80 years or older.3 Both animal and human studies suggest that sleep disruption may contribute to cognitive impairment and neurodegeneration.4-9 While several cross-sectional
studies have reported associations between sleep and cognitive
function in older adults,10-12 longitudinal studies linking objectively measured sleep function in older adults with the risk of
developing AD or the rate of cognitive decline are lacking. This
is in part because standard sleep measurement approaches such
as polysomnography perturb natural sleep behavior, usually are
limited to a single night of testing, and by virtue of their expense
limit the number of individuals that can be assessed.
Small portable devices such as actigraphs have been used
in several recent studies to obtain objective measures of sleep-

wake behavior in older adults in community-based settings.
These small devices, which can be worn on the wrist, are nonintrusive and do not perturb natural sleep. Actigraphs measure
rest and activity continuously 24 hours/day for days to weeks,
capturing total daily sleep and providing investigators with objective measures that circumvent recall bias and sleep misperception, which can affect traditional self-report measures.
Analytical approaches applied to polysomnographic data have
also been applied to actigraphic data, such as state transition
based analyses for the quantification of sleep fragmentation.13-17
We used data from 737 older adults without dementia participating in in the Rush Memory and Aging Project (MAP) to test
the hypothesis that sleep fragmentation in community-dwelling
older adults is associated with the risk of incident AD and the
rate of cognitive decline. Sleep fragmentation was quantified
from up to 10 days of continuous actigraphic recordings as previously described.13 Subjects also underwent structured annual
evaluation which included a battery of 19 neuropsychological
tests for up to 6 years to identify the development of AD and to
assess the rate of cognitive decline.
METHODS
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Subjects
The Rush Memory and Aging Project (MAP) is an ongoing community-based cohort study of aging which began in
1997.18 Actigraphy was added in 2005, so only a subset of
MAP participants has undergone actigraphy. Inclusion criteria
for these analyses required valid baseline actigraphy, cognitive
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After the recording period, actigraphic data was downloaded
onto a PC and analyses were performed using algorithms implemented in the MATLAB language (Mathworks, Natick, MA).
We quantified sleep fragmentation using a recently developed probabilistic state transition approach which produces a
single metric kRA.13,14 Briefly, kRA represents the probability per
15-sec epoch of having an arousal, as indicated by movement
(i.e., a non-zero activity count), after a long (~5 min) period of
rest (i.e., sleep). The higher the kRA the more quickly bouts of
sleep/rest end in arousals and hence the greater the degree of
sleep fragmentation. In a previous study, we examined the effect of using non-zero activity count thresholds (ranging from
0 to the 10th percentile of counts per epoch) to define activity vs. rest and found that the calculation of kRA was relatively
insensitive to the specific choice of threshold.13 The transition
metric kRA has a theoretical advantage over standard summary
measures of fragmentation such as sleep efficiency (SE) and
wake time after sleep onset (WASO) because these traditional
metrics do not explicitly consider the temporal distribution of
wake and sleep across the night—only their amounts. Whereas
an individual with a single 2-h awakening and another individual with 240 30-sec awakenings per 8 h of sleep would have
identical SE and WASO, the former would have a relatively low
kRA while the latter would have a relatively high kRA. This is an
important distinction because there is increasing appreciation
that the frequency of arousal can have deleterious effects independent of the total time spent awake.9,19 As described previously,13,14 kRA is calculated on the basis of the entire actigraphic
record and considers sleep fragmentation irrespective of when
it occurs (i.e., both daytime naps and nighttime sleep), although
as we showed previously, the value of kRA is most heavily influenced by the period of the day in which the greatest amount
of sleep occurs, which for most individuals is the night. We
excluded from analysis any day with more than 4 straight hours
of complete inactivity, which we considered suspicious for device removal. However, because device removal diaries were
not required of the participants (in order to decrease participant burden) it is possible that briefer periods of device removal
may have been inadvertently included in our analysis. Figure 1
shows 24 h of actigraphic data from representative individuals
with low (Figure 1A, 10th percentile) and high (Figure 1B, 90th
percentile) sleep fragmentation. In a separate study of 105 individuals from whom we obtained simultaneous actigraphy and
polysomnography, the fragmentation metric kRA correlated with
several standard polysomnographic metrics of sleep fragmentation including arousal index (R = +0.6, P < 0.0001; Figure
S1A), SE (R = -0.6, P < 0.0001; Figure S1B), and WASO
(R = +0.5, P < 0.0001; Figure S1C). SE and WASO could not
be directly determined from the actigraphs in our study because
algorithms for inferring sleep/wake state from actigraphic data
are actigraph-specific, and such algorithms have not been developed for the Actical. Moreover, the determination of SE and
WASO depends on knowing the time in bed as determined by
a sleep diary, which, to decrease participant burden, was not
obtained in the present study.

Figure 1—Illustrative actigraphic recordings. 24 h of actigraphy from
two representative participants at the 10th (Panel A; kRA 0.021) and 90th
(Panel B; kRA 0.036) percentiles of sleep fragmentation.

testing without dementia at the time of actigraphy, and at least
1 follow-up cognitive assessment to allow a determination of
incident AD and cognitive decline. At the time of these analyses, 958 subjects had undergone actigraphy and completed their
baseline evaluation. Of 958 subjects with valid actigraphy and
cognitive testing, 64 were excluded due to clinical dementia
(see below) at the time of actigraphy testing, and a further 157
did not have a 2nd follow-up cognitive assessment, either because they died before follow-up testing (18 participants) or
had not been in the study long enough (139 participants). This
left 737 participants included in these analyses.
Statement of Ethics Approval
The study was conducted in accordance with the latest version of the Declaration of Helsinki and was approved by the
Institutional Review Board of Rush University Medical Center.
Written informed consent was obtained from all subjects.
Assessment of Sleep Fragmentation
The actigraph used in this study was the Actical (Phillips
Respironics, Bend, OR). The Actical is a wristwatch-like accelerometer that continuously measures acceleration primarily in an axis parallel to the face of the device, rectifies this
signal, summates the resultant signal across time, and then
digitally samples and records this sum as an “activity count”
for each 15-sec period—referred to hereafter as one “epoch.”
The higher the activity count, the higher the level of activity. The actigraphs were placed on subjects’ non-dominant
wrists by study staff. Participants were instructed to leave the
device on their wrist until study staff returned to remove the
device after 10 days. In order to decrease participant burden
and to improve reliability of data collection among persons
who develop dementia, participants were not asked to complete sleep diaries.
SLEEP, Vol. 36, No. 7, 2013

Assessment of Cognitive Function and Clinical Diagnoses
Trained technicians administered 19 cognitive tests (Word
List Recall, Word List Delay, Word List Recognition, Imme1028
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diate Story Recall, Delayed Story Recall, Logical Memory Ia,
Logical Memory IIa, Boston Naming, Reading Test, Verbal Fluency, Digit Span Forward, Digit Span Backward, Digit Ordering, Symbol Digit, Number Comparison, Stroop Color Naming,
Stroop Word Naming, Line Orientation, and Progressive Matrices) spanning 5 cognitive domains (episodic memory, working
memory, semantic memory, perceptual speed, and visuospatial
abilities) which were used to create a composite measure of
global cognitive function as described in detail in prior publications.20 This measure was constructed such that 0 represents the
mean score of all MAP participants at study baseline, positive
scores indicate better performance,21 and 1 unit represents approximately 1 standard deviation of performance.
Individuals were classified as having AD as previously described.21 Briefly, the results of cognitive tests were reviewed
by a neuropsychologist to determine the presence or absence of
cognitive impairment. A clinician then combined all available
cognitive and clinical data to determine whether the subject had
AD or not according to the NINDS-ADRDA criteria.22
Subjects were classified by a clinician as having Parkinson
disease using CAPIT criteria.23 The presence/absence of a history of stroke was determined by a clinician considering all
available clinical information including physical examination.

Table 1—Clinical Characteristics of Study Subjects (N = 737)
Clinical Characteristics
Age (year)
Female
Education (years)
Mini-Mental State Examination score
Composite global cognition
Number of depressive symptoms
Hypertension
Diabetes
Smoking
Coronary artery disease
Congestive heart failure
Stroke
Possible or probable PD
Cancer
Thyroid disease
Using insomnia medications
Using depression medications
Using anxiety medications
SD, standard deviation.

Assessment of Other Covariates
Age was computed from the self-reported date of birth and
the date of actigraphy. Years of education was recorded at the
time of the baseline interview. Sex was recorded at the time of
the baseline interview. Medications were inspected and coded
using the Medi-Span system (Medi-Span, Inc.). Presence/absence of hypertension, coronary artery disease, congestive heart
failure, cancer, and thyroid disease were based on annual interview. Participants were considered to have diabetes if they were
taking diabetes medications or endorsed a diagnosis of diabetes
on interview. Depressive symptoms were assessed with a 10item version of the Center for Epidemiologic Studies-Depression Scale.18
Mean total daily activity, expressed in counts per day, was
calculated from each actigraphic record by taking the total sum
of all activity counts in each recording and dividing by the total number of days. Mean total daily rest, expressed in hours,
was calculated from each actigraphic record by taking the total
duration in hours of all 15-sec epochs in each record with no
recorded movement, and dividing by the total number of days.

ers, we further augmented our model to adjust for a number of
clinical covariates including number of depressive symptoms,
presence/absence of Parkinson disease, presence/absence of
stroke, presence/absence of hypertension, presence/absence
of diabetes, presence/absence of coronary artery disease, presence/absence of congestive heart failure, presence/absence of
cancer, presence/absence of thyroid disease, and use of antidepressant, sedative-hypnotic, and anxiolytic medications. For all
Cox models, examination of Martingale residual plots ensured
the correct functional form for all covariates, examination of
delta-beta plots did not identify unduly influential points, and
examination of scaled Schoenfeld residual plots confirmed the
proportional hazards assumption.
We tested for associations between the sleep fragmentation
metric kRA and subsequent change in global cognition using a
linear mixed-effect model adjusted for age, sex, education, and
including terms for their interaction with time. This model included subject-specific random terms for slope and intercept.
An autoregressive covariance structure was used as it yielded
the lowest Akaike Information Criterion value among several
covariance structures considered. Examination of residual plots
confirmed model assumptions concerning the independence
and distribution of within-group errors and random errors.
All statistical analyses were carried out in the R programming language.24

Statistical Analysis
We tested for associations between the sleep fragmentation
metric kRA and the outcome of incident AD using a series of
Cox-proportional hazards models using the Efron approximation to account for ties resulting from the grouped-survival
data. First we examined the association of kRA with incident AD
in a core model adjusted for age, sex, and education. Interaction
terms between kRA and age, sex, and education were initially
considered, but were excluded from all subsequent models
because they were nonsignificant (P > 0.05 for all). Next, to
exclude the possibility that any observed associations may
be driven by differences in the hours of rest per day, we augmented this model to include a term for hours of rest per day.
Moreover, to explore the effect of potential clinical confoundSLEEP, Vol. 36, No. 7, 2013

Mean (SD) or N (%)
81.6 (7.2)
562 (76%)
14.8 (3.0)
28.0 (2.1)
0.17 (0.55)
1.1 (1.7)
437 (59%)
88 (12%)
290 (39%)
85 (12%)
38 (5%)
82 (11%)
48 (7%)
262 (36%)
186 (25%)
68 (9%)
106 (14%)
46 (6%)

RESULTS
Clinical and Actigraphic Characteristics of Participants
Clinical characteristics of the 737 participants in this study
at the time actigraphy was recorded are included in Table 1. On
average, actigraphy was recorded for 9.3 days (SD 0.9). The
mean value of the sleep fragmentation metric kRA was 0.029
1029
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association between kRA and the risk of incident AD (HR = 1.24,
95% CI 1.05-1.45, P = 0.01 for a 1 SD increase in kRA).
Sleep Fragmentation, Other Covariates and Incident AD
We further augmented our model to examine whether several
potential confounders would attenuate the associations between
sleep fragmentation and incident AD.
We recently demonstrated that total daily activity is associated with the risk of incident AD in older individuals.25 To
examine whether the association between sleep fragmentation
and the risk of incident AD may be mediated by differences in
total daily activity, we augmented our core model to include a
term for total daily activity. In this augmented model, the association between kRA and the risk of incident AD was relatively
unchanged (HR = 1.22, 95% CI 1.04-1.43, P = 0.01 for a 1SD
increase in kRA). Increased total daily activity was associated
with a decreased risk of incident AD (HR = 0.61, 95% CI 0.470.79, P = 0.0002 for a 1SD increase in total daily activity).
Chronic health problems such as depression, Parkinson disease, hypertension, diabetes, coronary artery disease, congestive
heart failure, cancer, thyroid disease, and stroke may affect sleep
fragmentation, risk of dementia, or both. In a linear regression
model, of these comorbidities, only presence/absence of PD
was associated with kRA (effect estimate = +0.004, SE = 0.001,
P = 0.0003). We augmented our core model to include terms
for the number of depressive symptoms, presence/absence of
stroke, presence/absence of PD, presence/absence of hypertension, presence/absence of diabetes, presence/absence of
coronary artery disease, presence/absence of congestive heart
failure, presence/absence of thyroid disease, and presence/absence of cancer. In this augmented model, of these additional
comorbidities, only the number of depressive symptoms was
associated with an increased risk of incident Alzheimer’s disease (HR = 1.23; 95% CI 1.09-1.38; P = 0.0004). The association between sleep fragmentation and the risk of AD was not
significantly attenuated by adjustment for these comorbidities
(HR 1.27, 95% CI 1.01-1.59, P = 0.04 for a 1SD increase in kRA).
Several classes of medication including antidepressants,
sedative-hypnotics, and anxiolytics may potentially alter sleep
architecture. The use of these medications did not appreciably
change the association between sleep fragmentation and the
risk of AD (HR = 1.25, 95% CI 1.06-1.48, P = 0.01 for a 1SD
increase in kRA).

Figure 2—Expected risk of AD. The model predicted risk of AD based on
the entire cohort is illustrated for two hypothetical average participants
with high (Solid line: 90th percentile; kRA = 0.036) and low (Dotted line: 10th
percentile; kRA = 0.021) levels of sleep fragmentation.

(range 0.0156-0.0823, SD 0.0074). kRA represents the probability per 15-sec epoch of having an arousal, as indicated by movement (i.e., a non-zero activity count), after a long period of rest
(i.e., sleep). The higher the kRA the more quickly bouts of sleep/
rest end in arousals and hence the greater the degree of sleep
fragmentation. kRA was weakly correlated with age (r = -0.09,
P = 0.02) and education (r = -0.10, P = 0.01) and was higher in
men than in women (effect = +0.003, P < 0.001).
Sleep Fragmentation and Incident AD
Over a mean follow-up of 3.3 years (SD 1.7), 97 (13% of
737) persons developed AD. Using a Cox proportional hazards
model adjusted for age, sex, and education, the sleep fragmentation metric kRA was associated with the risk of developing
AD, with a 1 standard deviation (SD) increase in kRA associated with a hazard ratio (HR) of 1.22 (95% CI 1.03-1.44,
P = 0.02) for incident AD. The effect of kRA on the risk of AD
did not vary by age, sex, or level of education (P > 0.05 for
all interaction terms). In separate analyses of men (n = 174)
and women (n = 563), the estimates of the effect of a 1 SD
difference in kRA on the risk of AD were similar, although the
confidence intervals on the effect estimates were larger because of the smaller sample size (for males HR = 1.33, 95%
CI 0.90-1.96, P = 0.15; for females HR = 1.29, 95% CI 0.991.69, P = 0.06).
To illustrate these results, we compare model predictions for
incident AD for 2 average individuals with high and low sleep
fragmentation (whose recordings shown in Figure 1). An individual with high (90th percentile; solid line) sleep fragmentation
would be expected to have a 1.5-fold increased risk for developing AD as compared to an individual with low (10th percentile; dotted line) sleep fragmentation (Figure 2).
It may be conceptually expected that a higher degree of sleep
fragmentation may affect overall daily rest. Inclusion of a term
for total daily rest in our model did not substantially change the
SLEEP, Vol. 36, No. 7, 2013

Sleep Fragmentation and Cognitive Decline
A diagnosis of AD can be thought of as a point on a continuum of cognitive decline. To ensure that our results were not
influenced by diagnostic misclassification or individuals with
lower cognition, we examined the association between kRA and
rate of cognitive decline using a composite measure of global
cognition.18
In a linear mixed model examining the level and rate of
change of composite global cognitive performance as a function
of sleep fragmentation at baseline, adjusted for age, sex, and education and their interactions with time, increased kRA was associated with lower baseline cognitive performance (Estimate -0.07,
SE 0.023, P = 0.007 per 0.01 unit increase in kRA) as well as with
a more rapid rate of global cognitive decline (Estimate = -0.016,
SE = 0.007, P = 0.03 per 0.01 unit increase in kRA × time; Figure 3),
1030
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which represents a 22% increase compared to the average rate of
cognitive decline in the cohort (Estimate = -0.072, SE = 0.005,
P < 0.0001) for each 0.01 unit increase in kRA.
DISCUSSION
In this group of more than 700 older individuals without dementia, an objective measure of increased sleep fragmentation
was associated with a higher risk for the subsequent development of AD. These findings were not accounted for by variation
in total daily rest time, total physical activity, the presence of
chronic medical conditions, or the use of common medications
which can affect sleep. Furthermore, in a separate analysis, a
higher level of sleep fragmentation at baseline was associated
with a faster decline in cognition, making it unlikely that these
findings are due to diagnostic misclassification. These data
support a link between sleep fragmentation and the risk of developing AD in older persons, and raise the possibility that interventions to improve sleep continuity may offer a potentially
useful strategy for reducing the burden of cognitive impairment
and dementia in old age.
Cognitive impairment and dementia are common and are
anticipated to become even more so as the global population
ages. In 2001, there were 24.3 million people with dementia in
the world, and this is anticipated to increase to 81.1 million by
2040.26 As many as 50% of older adults report sleep problems,27
many of which may be amenable to medical treatments or behavioral modification. Given the magnitude of both cognitive
impairment and sleep disturbances in older adults, determining whether sleep fragmentation is associated with incident AD
and cognitive decline in old age has important public health
implications.
Rapid advances in technology have led to the development
of devices which can provide objective sleep measures in
large numbers of older adults in the community setting which
complement traditional laboratory based polysomnographic
assessments of sleep. Previous studies have demonstrated associations between actigraphically inferred sleep measures,
including nocturnal wake/sleep time11,12 and global metrics of
rest-activity variability,10 and cognitive performance in a number of domains. Building on these studies, we developed kRA
as an actigraphic metric of sleep fragmentation13 and demonstrated that it is associated with cross-sectional cognitive performance.14 The current study extends this prior cross-sectional
work in several important ways. First, a higher level of sleep
fragmentation is associated with an increased risk of developing incident AD. This association was robust and was not attenuated by demographic factors, medical comorbidities, or the
use of medication known to affect sleep. Furthermore, a higher
level of sleep fragmentation is also associated with a more rapid
rate of cognitive decline.
Experimental work points to several potential biological links
between sleep disruption, cognitive decline, and neurodegeneration. In Drosophila melanogaster, chronic sleep restriction
is associated with alterations in presynaptic bouton density.28 In
rodent models, sleep disruption has been associated with abnormalities of myelin-related gene expression,29 hippocampal neurogenesis,30 hippocampal synaptic plasticity,7,8,31 susceptibility
to Ca2+-mediated excitotoxicity,32 and neuronal susceptibility to
ischemic damage.32 Moreover, in a rodent model of AD, chronic
SLEEP, Vol. 36, No. 7, 2013

Figure 3—Expected cognitive decline. The model predicted rate of global
cognitive decline based on the entire cohort is illustrated for 2 hypothetical
average participants with high (Solid line: 90th percentile; kRA = 0.036) and
low (Dotted line: 10th percentile; kRA = 0.021) levels of sleep fragmentation.

pharmacological or environmental sleep disruption was associated with a more rapid accumulation of amyloid beta pathology.5 Further neuroimaging and clinical-autopsy studies may
be helpful in identifying the specific neuroanatomical circuits
and processes affected by sleep fragmentation and designing
mechanistically targeted approaches to enhance their resilience
to the deleterious effects of sleep disturbance.
There are several limitations to the current study. First, it
was fundamentally an observational study, precluding certainty
about the causal direction of any associations seen. A second
limitation of our study is that we cannot exclude the possibility
that the association between sleep fragmentation and incident
AD that we observed may have been mediated by unmeasured
medical comorbidities, including sleep apnea which was not
formally assessed in the present study. A third limitation of our
study is that we studied an all-volunteer cohort that had a high
proportion of women, which may limit generalizability to the
general population. Fourth, although there is a partial concordance between rest-activity and sleep-wake, this is not complete.
While runs of movement are likely to represent wakefulness,
and long runs of rest are likely to represent sleep, short runs
of rest may represent either quiet wakefulness or light sleep.
Notwithstanding the theoretical ambiguity, others have shown
good concordance between actigraphic and polysomnographic
metrics of sleep time.33 Moreover, in the supplemental material,
we provide data obtained from a sleep clinic population that support a relationship between kRA derived from actigraphic data
and sleep fragmentation quantified by conventional polysomnographic metrics. Further studies in non-sleep clinic populations
with simultaneous recording of actigraphy and polysomnography will be helpful in further comparing kRA to conventional
polysomnographic metrics of sleep fragmentation.
This study also has several strengths. Objective non-intrusive measurements of sleep fragmentation were obtained over
relatively long periods of time (up to 10 days) in participants’
1031
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usual environments, avoiding confounding by poor recall or
misperception (which can be a problem with self-report sleep
function) while also avoiding perturbation of subjects’ natural sleep behavior by the recording apparatus (a problem with
polysomnography) and averaging out the effects of day-to-day
variability. Moreover, a large number of older non-demented
subjects were assessed annually for up to 6 years with a rigorous, standardized, well characterized, and well-validated cognitive test battery, allowing a high degree of certainty regarding
measurement of cognitive status and diagnosis of AD.
This work demonstrates an association between sleep fragmentation, cognitive decline, and the risk of subsequent AD.
This raises the possibility that interventions to decrease sleep
fragmentation may offer a potentially useful strategy for reducing the risk of AD and slowing cognitive decline in older
individuals. Meanwhile, further neuroimaging and neuropathological work may be helpful in identifying the neuroanatomical circuits and processes affected by sleep fragmentation and
designing mechanistically targeted approaches to enhance their
resilience to the deleterious effects of sleep disturbance.
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SUPPLEMENTAL MATERIAL
METHODS
We examined the relationship between kRA and sleep fragmentation determined by polysomnography in 105 individuals
who underwent simultaneous diagnostic polysomnography and
actigraphy.
Subjects were recruited from consecutive patients undergoing diagnostic polysomnography in the clinical sleep laboratory at Sunnybrook Health Sciences Centre in Toronto, Canada.
Clinical, actigraphic, and polysomnographic characteristics of
the subjects are shown in Table S1.
Actigraphy was recorded using the Actical (Phillip-Respironics, Bend, OR) as described in the main text. The actigraphs
were placed on subjects’ non-dominant wrists at the commencement of overnight polysomnography and removed at the end of
overnight polysomnography. A mean of 7.0 hours (SD 0.6) of
recording per subject were obtained. kRA was then calculated for
each subject as described in the main text.
Polysomnography was performed and scored in accordance
with American Academy of Sleep Medicine guidelines.1 Arousal index, sleep efficiency, and wake time after sleep onset were
calculated using standard methods.2
We compared kRA to arousal index, sleep efficiency, wake time
after sleep onset, and proportion of total sleep time spent in stage
N1 sleep by calculating bivariate Pearson correlation coefficients.

Table S1—Clinical, Actigraphic, and Polysomnographic Characteristics
of the Study Subjects (n = 105)
Characteristics
Clinical
Characteristics

Median (IQR)
55 (45-64)
55%

Actigraphic
Characteristics

Hours of Recording
Rest Fragmentation kRA

7.0 (6.4-7.6)
0.035 (0.026-0.052)

Polysomnographic
Characteristics

Arousal Index (/h)
Sleep Efficiency (%)
Wake Time after Sleep
Onset (min)

15.4 (9.7-27.7)
78 (63-86)
78 (41-128)

IQR, interquartile range.

sleep efficiency (R = -0.6, P < 0.0001; Figure S1B) and moderately correlated with wake time after sleep onset (R = +0.4,
P < 0.0001; Figure S1C).
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Figure S1—Association between actigraphic and polysomnographic metrics of sleep fragmentation.
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