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INTRODUCTION
Parkinson’s disease (PD), a common neurodegenerative dis-

order affecting approximately one million people in the United 
States and five million worldwide,1 is usually characterized 
by motor symptoms including bradykinesia, rigidity, tremor, 
and postural instability.2 Nonmotor symptoms also tend to be 
prominent and are a major source of disability in this popula-
tion.3,4 Poor sleep is among the most common of these nonmo-
tor symptoms, with a prevalence of 40-90% 3,5,6 and has been 
shown to substantially affect quality of life.7 Studies investigat-
ing sleep and sleep disruptions in this population are therefore 
critical for the development of treatment strategies to improve 
quality of life in patients with PD.

Wrist actigraphy has become a widely used assessment tool 
in sleep research settings and is increasingly used in clinical 
settings.8,9 An actigraph is a small device worn on the wrist that 
monitors and records wrist movements over time. Computer-
ized scoring algorithms are used to estimate information about 
sleep parameters from the activity data. Compared with the 
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gold standard overnight polysomnography (PSG) study for the 
assessment of sleep, actigraphy offers several advantages that 
have made it appealing to sleep investigators and clinicians.8 It 
is less expensive than PSG and therefore more feasible for use 
over extended periods of time (i.e. days to weeks), thereby al-
lowing for the collection of information about day-to-day vari-
ability in sleep patterns. Further, actigraphs are typically used at 
home and therefore provide objective information about sleep 
and wake patterns in the patient’s natural sleep environment. 
Actigraphy has been well validated for the estimation of night-
time sleep parameters in healthy populations of adults and chil-
dren.9-12 However, concerns about validity have been raised in 
other specific patient populations.13-15

Actigraphy could represent an important and useful tool to 
study sleep in PD. In fact, actigraphy has already been used 
to compare sleep parameters in different subgroups of patients 
with PD16 and to assess the effects of medications, interven-
tions, and other variables on sleep in PD.17-19 However, no sys-
tematic study has yet been done to assess how well actigraphy 
measures sleep in this specific population. Our goal, therefore, 
was to test how well actigraphy measures nighttime sleep pa-
rameters in PD compared with PSG.

METHODS

Participants
As part of a larger study on sleep apnea in PD, participants 

with a diagnosis of idiopathic PD were recruited through the 
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Department of Neurosciences at University of California, San 
Diego (UCSD), the San Diego Parkinson’s Disease Associa-
tion, community neurologists, and talks given to PD support 
groups. Prospective participants were screened by telephone. 
For those meeting inclusion criteria, a meeting was arranged 
during which the study was described and signed informed 
consent obtained. Exclusion criteria were clinically atypical 
PD, presence of any neurodegenerative disorder other than PD, 
unmanaged cerebrovascular or coronary illnesses, epilepsy, 
cardiomyopathy, current treatment for sleep apnea, current al-
cohol or drug abuse, use of antipsychotic medications, or any 
behavioral or physical problem (e.g., active psychosis, incon-
tinence) that would have compromised patient participation. 
Participants were also required to have been stable on the same 
medications at the same doses for at least 2 months prior to 
participation in the study. Evaluation by a neurologist included 
the Hoehn and Yahr rating scale (H&Y) to evaluate PD disease 
severity, the Mini Mental State Examination (MMSE) to evalu-
ate cognitive status, the REM Behavior Sleep Disorder (RBD) 
Screening Questionnaire (RBDSQ) to evaluate for symptoms 
of RBD, and a questionnaire to evaluate for clinical signs of 
restless legs syndrome (RLS). Evaluation by another physician 
included review of medications and sleep history. Participants 
also filled out questionnaires about their subjective sleep qual-
ity (Pittsburgh Sleep Quality Index, PSQI) and mood (Beck 
Depression Inventory, BDI). The protocol was approved by 
the UCSD Institutional Review Board and all participants gave 
written informed consent prior to participation in the study.

A flow chart depicting the recruitment and inclusion of par-
ticipants in this study is provided in Figure 1. Overall, 138 po-
tential participants underwent an initial phone screening. Of 
these, 91 met inclusion criteria and of these, 82 participants 

gave consent and underwent an overnight PSG sleep study. 
Three patients did not have usable PSG data because of equip-
ment malfunction (two patients) or because the patient decided 
to leave the study before falling asleep (one patient). Eighteen 
participants did not have usable actigraphy data either because 
they underwent their PSG screening prior to the addition of the 
actigraphy component of the protocol (16 patients) or because 
the actigraph was not correctly set to record in 30-sec epochs 
(two patients). The analyses presented here are focused on the 
subgroup of 61 participants who had usable data from both PSG 
and actigraphy.

The mean age of the sample was 67.4 ± 9.26 y. Most par-
ticipants (96.7%) were Caucasian and 63.3% of the sample was 
male. The mean H&Y disease stage was 1.91 ± 0.66. On aver-
age, the sample reported poor sleep quality with a mean PSQI 
score of 7.64 ± 4.37. In 55% of patients obstructive sleep apnea 
(OSA) was diagnosed, defined by an apnea hypopnea index ≥ 
10, whereas 18.3% endorsed symptoms consistent with RLS 
and 53.3% endorsed symptoms consistent with RBD. The aver-
age MMSE score was 28.1 ± 1.9. A minority of patients took 
antidepressants (23.2%) or benzodiazepines (10%).

Polysomnography
Sleep was recorded with the video-enabled Somtè system 

(Compumedics, Melbourne, Victoria, Australia). PSG montage 
included three electroencephalogram channels (F4-A1, C4-A1, 
O1-A2), left and right electrooculograms, chin and bilateral 
tibialis anterior electromyograms, II-lead electrocardiogram, 
nasal pressure transducer, thoracic and abdominal respiratory 
effort, tracheal microphone, pulse oximeter, and body-position 
sensor. PSG was scored according to the American Academy 
of Sleep Medicine (AASM) criteria.20 Lights-off and lights-on 
times were recorded by a sleep technician. The following sleep 
variables were derived from data gathered through PSG record-
ings: time in bed (min between lights on and lights off), total 
sleep time (TST; min of sleep between sleep onset and wake 
time), wake after sleep onset (WASO; min awake between sleep 
onset and wake time), sleep efficiency (SE; percentage of time 
asleep while in bed from lights off to lights on), and sleep onset 
latency (SOL; min between lights off and first sleep episode).

Actigraphy
Participants wore an actigraph (Actiwatch-L; Philips Respi-

ronics Andover, Ma) on the nondominant wrist while under-
going overnight PSG screening. Actigraphs were configured to 
record in 30-sec epochs to match the length of the PSG scoring 
epochs using the same computer used for the PSG recordings so 
that recording times matched. Sleep measures described previ-
ously, including TST, SE, WASO, and SOL, were then estimat-
ed from actigraphy data using Actiware 5.0 software (Philips 
Respironics Andover, Ma). The lights-off and lights-on times 
recorded by the sleep technician (i.e., the same times used in 
calculating PSG sleep variables) were used in actigraphy scor-
ing to define the start and end of the rest interval.

Actiware 5.0 software scores each epoch as either sleep or 
wake by comparing activity counts for that epoch and those sur-
rounding it for 2 min in either direction to a threshold set by the 
user. A threshold of 20 is the program’s normal default setting 
for low, 40 is considered to be medium, and 80 is the normal 

Figure 1—Consort table showing recruitment and inclusion of participants.

Completed phone 
screening process 

(n = 131)

Met inclusion criteria 
(n = 91)

Consented and 
participated in overnight 

sleep study (n = 82)

PSG data successfully 
collected (n = 79)

Actigraphy data 
successfully collected 

(n = 61)

Excluded from participation (n = 41)

Did not participate in study (n = 9)

PSG data not successfully gathered 
(n = 3)

•	Equipment malfunction (n = 2)
•	Patient left before falling asleep 

(n = 1)

Actigraphy data not collected (n = 18)
•	PSG done prior to beginning of 

actigraphy protocol (n = 16)
•	Actigraph configured incorrectly 

(n = 2)
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default setting for high. If the number of counts exceeds the 
threshold, the epoch is scored as wake, whereas if the number 
of counts is equal to or below the threshold the epoch is scored 
as sleep. A range of activity thresholds (0, 5, 10, 20, 40, 60, 
80) were tested in this study to determine which yielded the 
best estimates of TST, SE, and WASO. The criteria used by the 
Actiware 5.0 software to define sleep onset and end can also be 
tailored by the user through definition of the number of immo-
bile min required to detect sleep onset and mobile min required 
for sleep end. The default settings for the program require it to 
find 10 consecutive immobile min where there is at least some 
activity (but less than 1 min) to define sleep onset and 10 con-
secutive min of activity to define sleep end. Three different set-
tings for the number of immobile min required for sleep onset 
and end (0 min, 5 min, 10 min) were tested in this study to as-
sess which yielded the best estimates of SOL in this population.

To determine how well the actigraphy scorer was able to es-
timate the appropriate beginnings and endings of the rest inter-
vals, two independent and trained actigraphy scorers examined 
the activity data carefully and recorded the times that they 
would have estimated to be the time into bed and the time out 
of bed. The scorers were aware of the approximate windows for 
lights-off and lights-on times employed routinely as part of the 
overnight sleep study protocol. Focusing on these windows, the 
data were inspected for changes in activity level (e.g., a transi-
tion from active to a sustained period of little or no activity in 
the typical lights-off time window). Although changes in activ-
ity level were considered the primary indicator for time in bed 
and time out of bed, light data were also inspected for corre-
sponding changes in intensity levels. The estimated in bed and 
out of bed times were compared with the corresponding lights-
off and lights-on times recorded by the PSG sleep technician.

Analysis
Spearman rank-order correlations were calculated for each 

sleep measure between values determined by actigraphy at each 
setting tested and the value determined by PSG. Approximate 
t-tests based on the asymptotic distribution of the rank corre-
lation statistic were used to determine the significance of the 
correlations. Mean sleep measure values were also determined 
for the actigraphic sleep measure estimates obtained using each 
setting tested and for sleep measures obtained by PSG. Differ-
ences in means were then calculated and means were compared 
using paired t-tests. Bland-Altman analysis was applied to as-
sess the degree of agreement between the sleep measures as-
sessed via actigraphy versus PSG.

RESULTS

Comparison of Means
Mean (± standard deviation, SD) TST, SE, and WASO values 

for the sample estimated by actigraphy using 5 immobile min 
required for sleep onset and 5 mobile min required for sleep 
offset and different activity thresholds (0, 5, 10, 20, 40, 60, 80) 
compared with the mean TST, SE, and WASO values for the 
sample as assessed by PSG are shown in Table 1. For all three 
variables, using a low threshold of 10 yielded mean values that 
best approximated those calculated from PSG data. Specifical-
ly, using these settings, the TST estimated by actigraphy (344.2 

± 89.7 min) and PSG (350.2 ± 74.95 min) were not significantly 
different. Similarly, there were no significant differences in the 
mean SE estimated by actigraphy (72.9 ± 18.3%) and PSG (74.0 
± 14.4%) or the mean WASO estimated by actigraphy (101.8 ± 
60.30 min) and PSG (106.1 ± 60.1 min). However, there was a 
notable degree of variability in the difference between means 
for each measure: TST (6.05 ± 85.67 min), SE (1.10 ± 18.28%), 
WASO (4.35 ± 59.56 min).

Mean TST, SE, and WASO values for the sample estimated 
by actigraphy using the factory default settings of 10 immo-
bile or mobile min required for sleep onset or offset and differ-
ent activity thresholds compared with the mean TST, SE, and 
WASO for the sample as assessed by PSG are shown in Table 2. 
The mean TST estimated by actigraphy (348.4 ± 87.9 min) at a 
threshold of 10 best approximated the mean estimated by PSG 
with a nonsignificant difference of less than 6 min. The mean SE 
estimated by actigraphy (74.0 ± 21.84) at a threshold of 20 best 
approximated the mean calculated from PSG data with a nonsig-
nificant difference of less than 1%. The mean WASO value esti-
mated by actigraphy (107.37 ± 55.06 min) at a threshold of five 
best approximated that estimated by PSG with a nonsignificant 
difference of less than 2 min. Again there was a notable degree 
of variability in the difference between means (Table 2).

Spearman Correlations
Using 5 min immobility or mobility required for sleep onset 

or offset and the optimal activity threshold of 10, there were 
significant moderate correlations between TST, SE, and WASO 
values obtained by actigraphy and PSG (Figure 2). The correla-
tion was strongest for TST (Spearman rho/rs = 0.496, P < 0.001) 
and slightly weaker for SE (rs = 0.383, P = 0.002) and WASO 
(rs = 0.400, P < 0.001). Using 10 min immobility or mobility 
required for sleep onset or end and optimal activity thresholds 
of 10 for TST and 20 for SE also yielded significant moder-
ate correlations (rs = 0.473, P < 0.001 for TST and rs = 0.368, 
P = 0.004 for SE). In contrast, using 10 min immobility or mo-
bility required for sleep onset or end, there were no significant 
correlations for WASO values estimated actigraphy and PSG at 
threshold tested.

Bland-Altman Analysis
When 5 immobile or mobile min were required for sleep on-

set or end, and the optimal activity threshold of 10 was used, 
Bland-Altman analyses suggested that actigraphy tended to 
overestimate TST by 5.89 ± 84.98 min, overestimate SE by 
1.07 ± 18.13%, and overestimate WASO by 3.58 ± 59.21 min 
compared with PSG (Figure 3). When 10 immobile or mobile 
min were required for sleep onset or end, using the optimal ac-
tivity thresholds of 10 for TST, 20 for SE, and 5 for WASO 
overestimated TST by 23.66 ± 95.09 min, underestimated SE 
by -0.04 ± 19.97%, and underestimated WASO by 1.96 ± 76.47 
min compared with PSG.

Factors Affecting Variability
The frequency of falling into various categories of agreement 

between sleep measure values derived by actigraphy and PSG 
are shown in Figure 4. For TST, five individuals (8.2%) had 
differences of less than 10 min; 23 (37.7%) had differences of 
less than 30 min, and 40 (65.6%) had differences of less than 60 
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min, whereas 21 (34.4%) had differences of 60 min or greater. 
For SE, 16 (26.2%) had differences of less than 5%, 35 (57.4%) 
had differences of less than 10%, and 44 (72.1%) had differenc-
es of less than 15% whereas 17 (27.9%) had differences greater 
than 15%. For WASO, 35 individuals (57.4%) had differences 
of less than 10 min, 56 (91.8%) had differences of less than 30 
min, and five (8.3%) had differences of greater than 30 min.

Linear regression analyses were performed to examine as-
sociations between other variables and the magnitude of the 
difference between values derived by actigraphy and PSG. A 
significant association was found between higher H&Y score 
(i.e., more advanced disease) and greater differences in TST 
(R2 = 0.099, beta = 0.315, P = 0.018), SE (R2 = 0.107, beta = 0.327, 
P = 0.014) and WASO (R2 = 0.094, beta = 0.307, P = 0.021) val-
ues derived by actigraphy compared with PSG. There was also 
an association between decreased SE (R2 = 0.410, beta = -0.410, 
P = 0.001), and decreased TST (R2 = 0.390, beta = -0.390, 
P = 0.002) and greater differences in WASO measurements de-
rived by actigraphy and PSG. No significant associations were 
found between differences in TST, SE, and WASO measure-
ments by actigraphy and PSG and age or sex.

Secondary Analysis
A secondary analysis was performed limiting the sample to 

those with H&Y scores < 2 (n = 14). Mean (± SD) TST, SE, 
and WASO values for this smaller sample estimated by actigra-

phy using 5 and 10 immobile min required for sleep onset and 
both 5 and 10 mobile min required for sleep offset and different 
activity thresholds (0, 5, 10, 20, 40, 60, 80) compared with the 
mean TST, SE, and WASO values for the sample as assessed 
by PSG. For all three variables, using 5 immobile min required 
for sleep onset and 5 mobile min required for sleep offset and a 
low threshold of 10 yielded mean values that best approximated 
those calculated from PSG data. Specifically, using these set-
tings, the mean differences between sleep measures estimated by 
actigraphy and PSG continued to be small and not significantly 
different with somewhat less variability: TST (-0.46 ± 39.1 min, 
P = 0.965), SE (-0.22% ± 8.23%, P = 0.923), WASO (-1.00 ± 
25.46 min, P = 0.885). Using these settings in this subgroup of 
participants, correlations between measurements derived by ac-
tigraphy and PSG were stronger: TST (rs = 0.616, P < 0.019), SE 
(rs = 0.648, P = 0.012) and WASO (rs = 0.635, P < 0.015).

Sleep Onset Latency
Mean SOL values for the sample estimated by actigraphy 

using different scoring parameters (number of immobile or mo-
bile min required for sleep onset or end 0, 5, or 10) compared 
with the mean SOL for the sample as assessed by PSG is shown 
in Table 3. Estimation of SOL by actigraphy using the setting 
of 10 immobile or mobile min required for sleep onset or end 
yielded a mean value for the sample (13.80 ± 28.90 min) that 
was closest to and not significantly different from (P = 0.854) 

Table 1—Comparison of sleep parameters assessed by polysomnography and actigraphy

5 Immobile or Mobile Minutes Required for Sleep Onset or End

Sleep Parameter
PSG Score Activity

Threshold
Actigraphy Score Difference in Means

Mean SD Mean SD Mean SD P-value
Total Sleep Time (min) 350.21 74.95

0 167.18 103.75 183.03 98.32 0.000
5 313.13 985.71 37.08 89.02 0.002

10 344.16 89.67 6.05 85.67 0.583
20 372.64 81.04 -22.43 80.55 0.034
40 396.02 72.82 -45.81 77.96 0.000
60 407.41 69.33 -57.20 77.32 0.000
80 414.11 66.53 -63.89 77.23 0.000

Sleep Efficiency (%) 74.00 14.36
0 35.22 21.57 38.79 20.57 0.000
5 66.29 19.61 7.71 18.93 0.002

10 72.91 18.25 1.10 18.28 0.641
20 79.00 16.34 -4.99 17.28 0.028
40 83.99 14.47 -9.98 16.80 0.000
60 86.21 13.57 -12.21 16.65 0.000
80 87.84 13.04 -13.84 16.75 0.000

Wake After Sleep Onset (min) 106.12 60.14
0 278.75 91.45 -172.63 89.73 0.000
5 132.80 68.72 -26.68 64.55 0.002

10 101.77 60.30 4.35 59.56 0.570
20 73.30 50.34 32.82 54.44 0.000
40 49.94 39.22 56.18 52.69 0.000
60 38.52 32.84 67.60 51.81 0.000
80 31.83 28.09 74.30 52.05 0.000

Mean sleep measure values derived by PSG and actigraphy using a variety of activity threshold settings. When the number of immobile or mobile 
minutes required for sleep onset or end is set to 5, a threshold of 10 (in bold) yielded mean values closest to that calculated by PSG. min, minutes; PSG, 
polysomnography; SD, standard deviation.
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that calculated from SOL values assessed by PSG (14.45 ± 
19.24 min). Estimation of SOL by actigraphy using the setting 
of 5 immobile or mobile min required for sleep onset or end 
yielded a mean value for the sample (9.70 ± 28.90 min) that 
was not as close but still not significantly different (P = 0.37) 
from that calculated from SOL values assessed by PSG. How-
ever, there was no significant correlation between SOL values 
obtained by actigraphy and PSG at any setting.

Estimation of Times In and Out of Bed
To test how well the time in bed and time out of bed could be 

estimated from activity data in this population, two actigraphy 

scorers estimated times in and out of bed for each participant 
based on changes in activity patterns and knowledge of the 
study protocol (i.e., usual approximate bed and wake times). 
Times estimated by the two independent actigraphy scorers 
were highly concordant (rs 0.987 for lights-off and 0.918 for 
lights on, P < 0.0001). These values were then compared with 
the lights-off and lights-on times documented by the PSG tech-
nician. As shown in Figure 5, there was a significant strong cor-
relation between time in bed estimated by actigraphy and the 
lights-off time (rs for scorers = 0.821 and 0.823, P < 0.0001). 
Furthermore, the mean (absolute value) differences between 
times were small (0.11 ± 0.27 min and 0.12 ± 0.28 min for scor-

Table 2—Comparison of sleep parameters assessed by polysomnography and actigraphy

10 Immobile or Mobile Minutes Required for Sleep Onset or End

Sleep Parameter
PSG Score Activity

Threshold
Actigraphy Score Difference in Means

Mean SD Mean SD Mean SD P-value
Total Sleep Time (min) 350.21 74.95

0 171.44 102.81 182.15 98.07 0.000
5 317.59 94.00 36.00 88.95 0.003

10 348.36 87.88 5.23 85.95 0.642
20 376.36 79.24 -22.76 81.07 0.035
40 399.11 70.92 -45.52 78.89 0.000
60 410.20 67.39 -56.60 78.28 0.000
80 422.75 84.71 -69.15 88.79 0.000

Sleep Efficiency (%) 74.00 14.36
0 34.97 21.64 39.04 20.58 0.000
5 63.45 22.27 10.56 20.49 0.000

10 69.05 22.17 4.96 20.45 0.063
20 74.05 21.84 -0.04 20.13 0.987
40 78.02 21.60 -4.01 20.06 0.124
60 79.94 21.56 -5.94 20.12 0.025
80 81.04 21.55 -7.04 20.18 0.008

Wake After Sleep Onset (min) 106.12 60.14
0 241.95 93.86 -135.83 113.10 0.000
5 107.37 55.06 -1.25 76.89 0.900

10 81.47 46.97 24.66 71.57 0.009
20 57.96 38.12 48.16 65.95 0.000
40 39.22 29.48 66.90 62.60 0.000
60 30.12 24.87 76.00 60.91 0.000

   80 24.92 21.32 81.20 60.02 0.000

Mean sleep measure values derived by PSG and actigraphy using a variety of activity threshold settings. When the number of immobile or mobile min 
required for sleep onset or end is set to 10, a threshold of 10 for total sleep time, 20 for sleep efficiency, and 5 for wake after sleep onset yielded mean values 
closest to that calculated by PSG (bold type). min, minutes; PSG, polysomnography; SD, standard deviation.

Table 3—Comparison of sleep onset latency assessed polysomnography and actigraphy

Actigraphy scoring parameter
PSG Score Actigraphy Difference in Means

Mean SD Mean SD Mean SD P-value
Number immobile minutes for sleep onset 14.45 19.24

0 0.00 0.00 14.45 19.24 0.000
5 9.70 32.49 4.75 31.07 0.237
10   13.80 28.90 0.65 27.44 0.854

Mean sleep onset latency values derived by PSG and actigraphy using a variety of settings for number of immobile min required for sleep onset are shown. 
A setting of 10 immobile min required for sleep onset yielded a mean that was closest to that derived from PSG data. PSG, polysomnography; SD, standard 
deviation.
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ers). There was a moderate significant correlation between time 
out of bed estimated by actigraphy and the lights-on time (rs for 
scorers = 0.690 and 0.666, P < 0.0001) with similar mean (abso-
lute value) differences between times (0.12 ± 0.28 min and 0.08 
± 0.20 min for scorers).

Effect of Tremor Hand
Most of the time, the tremor occurring in PD is asymmetrical 

and therefore affects one arm more than the other arm. In this 
study, actigraphs were placed on the nondominant wrist by con-

Figure 2—Spearman correlations comparing sleep measures estimated 
by polysomnography (PSG) with those estimated by actigraphy using the 
optimum settings of 5 immobile or mobile min required for sleep onset or 
end and activity threshold 10. SE, sleep efficiency; TST, total sleep time; 
WASO, wake after sleep onset
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Figure 3—Bland-Altman plots comparing sleep measures estimated by 
PSG with those estimated by actigraphy using 5 immobile or mobile min 
required for sleep onset and activity threshold of 10. (A) Bland-Altman 
plot for TST showing that, on average, actigraphy overestimated TST 
by 5.9 min compared with PSG. (B) Bland-Altman plot for SE showing 
that, on average, actigraphy overestimated SE by 1.1% compared 
with PSG. (C) Bland-Altman plot for WASO showing that, on average, 
actigraphy overestimated WASO by 3.8 min compared with PSG. For 
each plot 95% confidence intervals are indicated with dotted lines. PSG, 
polysomnography; SE, sleep efficiency; TST, total sleep time; WASO, 
wake after sleep onset.
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vention. Twenty-four participants reported that their tremor was 
more prominent on the nondominant wrist (i.e., with the acti-
graph), whereas the remaining participants reported their trem-
or to be more prominent on the opposite side. To test the effect 
of actigraph placement with respect to asymmetric tremor loca-
tion on the estimation of sleep measures, differences in TST, 
SE, WASO, or SOL determined by PSG and actigraphy were 
computed for each participant. Mean differences for partici-

pants wearing actigraphs on their tremor-prominent hand and 
those wearing actigraphs on the opposite hand were compared 
using an independent samples t-test. There was no statistically 
significantly difference (data not shown).

DISCUSSION
The data presented here suggest that for participants with 

mild to moderate PD, actigraphy may be a useful tool for as-
sessment of group mean values for TST, SE, and WASO if 
appropriate scoring parameters are used. Specifically, using 
optimal scoring parameters, actigraphy was able to estimate 
mean TST and WASO values within approximately 6 min of 
the values derived by PSG, and mean SE values within 2% 
of the mean derived by PSG. In contrast, when the optimal 
scoring parameters were not used, actigraphy did a poor job 
of assessing sleep measures. Hence, these data add to a body 

Figure 4—Frequency distribution bar charts for the difference between 
sleep measures derived by actigraphy and PSG for TST (A), SE (B), and 
WASO (C). For each measure frequency of falling into different categories 
according to the magnitude of the difference between values derived 
from actigraphy and PSG are shown. PSG, polysomnography; SE, sleep 
efficiency; TST, total sleep time; WASO, wake after sleep onset.
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Figure 5—Correlations between beginning and end of sleep interval 
recorded by PSG technician and those estimated by review of actigraphy 
data. (A) Spearman correlation comparing lights-off times recorded by 
polysomnography (PSG) sleep technician with times in bed estimated by 
the actigraphy scorer by assessment of activity patterns. (B) Spearman 
correlation comparing lights-on times recorded by PSG sleep technician 
with times out of bed estimated by the actigraphy scorer by assessment 
of activity patterns. Graphs depict one scorer’s data.
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of literature underscoring the importance of using the optimal 
scoring parameters for actigraphic assessment of nighttime 
sleep measures.9,21,22 Further, at least for the measurement of 
nighttime sleep measures in PD, our data suggest that place-
ment of the actigraph on either hand with respect to the asym-
metrical tremor location yields similar results.

The optimal scoring settings to be used depend on multiple 
factors including the sleep measure of interest to the investi-
gator or clinician, the device being used, and the population 
being assessed. In our primary analysis, the optimal setting for 
measuring each sleep parameter was different. The importance 
of obtaining the most accurate value for each parameter must 
therefore be weighed against how practical it is for the user to 
score data in multiple ways. If a single scoring setting is de-
sired for assessment of TST, SE, and WASO in PD using the 
Actiwatch-L and Actiware 5.0 system (Philips Respironics An-
dover, Ma), our data suggest that the best combination of results 
can be achieved by using the low activity threshold of 10 with 
the number of immobile and mobile min to detect sleep onset 
or wake set to 5 min. Although optimal scoring parameters may 
differ between specific brands and devices, our data suggest that 
a low activity threshold is preferable for assessment of sleep pa-
rameters in PD and can be used as a guide for others seeking to 
determine optimal scoring parameters for other devices.

It is notable that, in this study, a scoring threshold of 10 
worked better for estimation of TST, SE, and WASO than any 
of the three manufacturer-set default settings (low: 20; medium: 
40; high: 80). One possible reason for this finding is related to 
the specific population studied. The three default scoring thresh-
olds were chosen by the company based on a validation study 
in a sample of 100 patients with sleep complaints from a sleep 
disorders clinic.23 It is important, therefore, to remember that the 
manufacturer’s default scoring parameters may not provide the 
best data and consideration should be given to testing other set-
tings when using actiraphy in special patient populations.

Although actigraphy was able to produce group mean values 
for TST, SE, and WASO that were similar to those derived by 
PSG, there was a considerable degree of variability in accu-
racy between individuals as evidenced by the degree of scatter 
depicted on the correlation plots (Figure 2) and the significant 
fraction of participants with relatively large differences be-
tween actigraphy and PSG values for each measure (Figure 
4). Caution should therefore be used when considering using 
actigraphy to assess measures of sleep on an individual basis. 
Secondary analyses suggested that some (approximately 10%) 
of that variability was related to increasing disease stage. It is 
notable that when the sample was restricted to those with more 
mild stages of disease (H&Y 0-1), actigraphy and PSG scores 
were better correlated although a significant degree of variabil-
ity remained. A higher proportion of the variability for WASO 
(approximately 40%) was related to shorter TST and/or de-
creased SE. This result is consistent with previously published 
studies which suggest that, in general, actigraphy tends to be 
less accurate for people with decreased sleep quality in whom 
quiet wakefulness may be scored as sleep.24

It is also notable that this study was done over a period of 
1 night in a sleep laboratory. Therefore, the so-called first night 
effect, a phenomenon whereby some participants may spend an 
increased fraction of their first night in a sleep laboratory in quiet 

wakefulness, could be relevant as actigraphy may misinterpret 
quiet wakefulness for sleep. Studies comparing actigraphy to 
PSG in this population conducted over longer periods of time and 
studies conducted in the home environment would be useful to 
determine if actigraphy performs better under those conditions.

Although PSG is generally considered to be the gold standard 
method for assessment of sleep measures, use of actigraphy for 
assessment of sleep measures in PD has several important ad-
vantages that may make it both more feasible and useful. The 
burden to the patient is minimal with actigraphy. This is a par-
ticularly important consideration for populations with medical 
illnesses such as PD, which may already cause a significant 
amount of disability and fatigue and where the benefits of an 
intervention or test must be carefully weighed against the add-
ed burden to the affected individual. Additionally, actigraphy 
typically provides an evaluation of sleep over a longer period 
of time (e.g., 7 days) compared with PSG (typically overnight 
or 24 h), which provides a better picture of an individual’s over-
all sleep (particularly if there is night-to-night variability), and 
eliminates concerns about the first-night effect (the effect of 
sleeping in the unfamiliar environment of the sleep laboratory) 
associated with PSG.8 From a practical standpoint, the cost of 
actigraphy is low compared with PSG, a factor that is of great 
importance both in the clinical and research setting.

The literature regarding the validity of actigraphy for assess-
ment of SOL has been mixed.8,9 Although we were able to obtain 
mean values for SOL that were within 1 min of those obtained 
by PSG using a setting of 10 immobile min required for sleep 
onset, there were no significant correlations between SOL val-
ues for participants assessed by actigraphy and those derived by 
PSG at any setting tested. Estimation of SOL is dependent both 
on accurate assessment of time in bed (or beginning of the rest 
interval) and accurate detection of the wake/sleep transition. In 
this study, we used the lights-off time recorded by the PSG tech-
nician as the start of the rest interval, eliminating the start time 
as the reason for the lack of correlation between SOL values 
determined by actigraphy and PSG. This suggests that the main 
limitation was in the ability of actigraphy to accurately detect 
the transition between wake and sleep in this population using 
the device and settings tested. Hence, for investigators and clini-
cians interested in obtaining accurate and reliable measurements 
of SOL in this population, PSG remains the optimal approach.

Measurement of TST and WASO by actigraphy relies on ac-
curate assessment of the beginning and end of the rest interval. 
In our study, these were determined based on the times recorded 
by the PSG technician. However, when actigraphs are used for 
home sleep assessments, estimates for the beginnings and ends 
of rest intervals (i.e., times in and out of bed) must be made dur-
ing scoring using a combination of information gathered from 
the individual being assessed (for example, by completion of a 
sleep diary) and careful inspection of the activity patterns by the 
scorer. In our study, two independent experienced scorers’ esti-
mates of these times correlated highly with the actual lights-off 
and lights-on times recorded by PSG technicians, suggesting 
that in this population it would be feasible to gather adequately 
the necessary information about the beginnings and endings of 
rest intervals required to calculate these sleep variables.

This is, to our knowledge, the only study specifically com-
paring actigraphy with PSG for assessment of sleep parameters 
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in PD; therefore, our results need to be validated in an indepen-
dent cohort. One strength of this study was in the comparison of 
actigraphic assessment of sleep variables with the gold standard 
method of assessment by PSG. The study has several limita-
tions. For example, the sample was relatively modest in size 
and consisted entirely of individuals older than 50 y, most of 
whom were Caucasian. Our sample included only patients with 
mild to moderate PD. Although actigraphy is often used in the 
home setting over a period of days, we studied patients for 1 
night in a sleep laboratory environment. A study comparing the 
measurement of sleep parameters by actigraphy and PSG done 
in patient’s homes over a longer period of time may provide a 
more accurate view of how these two modalities compare in 
that setting. In addition, only one type of actigraph and scor-
ing software was used and so we cannot make any conclusions 
about the specific optimal settings to be used with different 
types of devices and scoring software packages.

In summary, the results of this study suggest that actigra-
phy may be a useful tool for measurement of mean values 
for TST, SE, and WASO in groups of patients with mild to 
moderate PD. This study also underscores the importance of 
determining the optimal scoring parameters to be used for 
different model actigraphs in different populations. Larger 
studies, designed to better detect additional factors contrib-
uting to variability in the ability of actigraphy to accurately 
assess sleep measures in patients with PD, as well as studies 
comparing actigraphy with PSG over longer recording peri-
ods and in the home environment would provide additional 
useful additional information.
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