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Study Objectives: While actigraphy is considered objective, the process of setting rest intervals to calculate sleep variables is subjective. We
sought to evaluate the reproducibility of actigraphy-derived measures of sleep using a standardized algorithm for setting rest intervals.

Design: Observational study.
Setting: Community-based.

Participants: A random sample of 50 adults aged 18-64 years free of severe sleep apnea participating in the Suefio sleep ancillary study to the

Hispanic Community Health Study/Study of Latinos.
Interventions: N/A.

Measurements and Results: Participants underwent 7 days of continuous wrist actigraphy and completed daily sleep diaries. Studies were
scored twice by each of two scorers. Rest intervals were set using a standardized hierarchical approach based on event marker, diary, light,
and activity data. Sleep/wake status was then determined for each 30-sec epoch using a validated algorithm, and this was used to generate
11 variables: mean nightly sleep duration, nap duration, 24-h sleep duration, sleep latency, sleep maintenance efficiency, sleep fragmentation
index, sleep onset time, sleep offset time, sleep midpoint time, standard deviation of sleep duration, and standard deviation of sleep midpoint.
Intra-scorer intraclass correlation coefficients (ICCs) were high, ranging from 0.911 to 0.995 across all 11 variables. Similarly, inter-scorer ICCs
were high, also ranging from 0.911 to 0.995, and mean inter-scorer differences were small. Bland-Altman plots did not reveal any systematic
disagreement in scoring.

Conclusions: With use of a standardized algorithm to set rest intervals, scoring of actigraphy for the purpose of generating a wide array of sleep
variables is highly reproducible.
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INTRODUCTION

Epidemiological studies have identified strong relationships
between self-reported measures of poor sleep, both in terms
of quantity and quality, and a host of adverse health conse-
quences including obesity, hypertension, infections, diabetes,
heart disease, and mortality." ¢ However, these studies have
been criticized for their reliance on self-report for measuring
sleep given that the correlation between self-report and objec-
tive measurement is poor.” While polysomnography is the gold
standard for assessing sleep, it is expensive and impractical for
measuring sleep over multiple nights in large populations. As
such, wrist actigraphy is increasingly favored as a noninvasive
method for assessing sleep-wake activity.

Wrist actigraphy measures motion of the wrist; low levels
of activity are inferred to indicate sleep. Validated actigraphy
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algorithms have been developed for identifying sleep on an
epoch-by-epoch basis during time spent in bed.*'° However,
application of these algorithms across the 24-hour day may
result in overscoring periods of quiet wakefulness as sleep.
In order to limit this overestimation, sleep diaries have been
traditionally used to identify rest intervals when the subject
is trying to sleep, and the algorithm for scoring sleep is only
applied to these selected intervals." In actual practice, sleep
diaries are often inaccurate or incomplete. No standardized
approach has been developed to handle this problem and it is
typically left to “expert” scorers to use their best judgment.'?
While the magnitude of error introduced as a result of this
subjective process of setting intervals is unclear, the lack of
published scoring rules makes it difficult to train technicians
to perform this task or develop expertise. Furthermore, cur-
rent actigraph devices have the technology to allow subjects
to press an event marker in real time and/or collect light infor-
mation and newer devices have the added benefit of off-wrist
detection. This additional information can potentially be used
to improve the accuracy of defining rest intervals. However,
no systematic method to combine information from multiple
inputs has been published to date. In addition, few studies have
assessed the reproducibility of actigraphy-derived sleep mea-
sures across scorers.'
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The objective of this study was to evaluate, both within
and between scorers, the reproducibility of a wide range of
sleep measures obtained with the use of an explicitly defined
method of setting rest intervals combining information across
a number of inputs using actigraphy data. The study was con-
ducted as part of the Suefio sleep ancillary study evaluating the
impact of sleep on health outcomes in a cohort of middle-aged
US Hispanics/Latinos recruited from the Hispanic Commu-
nity Health Study/Study of Latinos (HCHS/SOL).

METHODS

Study Cohort

The HCHS/SOL is a community-based cohort study of
16,415 self-identified Hispanic/Latino adults 18—74 years old
recruited from randomly selected households at 4 U.S. field
centers (Bronx, NY; Chicago, IL; Miami, FL; and San Diego,
CA) between 2008 and 2011. The multi-stage sampling de-
sign and cohort selection procedures have been previously
described.”*"* As part of the HCHS/SOL baseline exam, par-
ticipants underwent unattended home sleep apnea monitoring
using the ARES Unicorder 5.2 (B-Alert, Carlsbad, CA)."* Use
of this device and the process for centralized scoring in HCHS/
SOL have been previously described.'® Respiratory events
were defined as > 50% reduction in airflow lasting > 10 sec
associated with > 3% oxyhemoglobin desaturation. The apnea-
hypopnea index (AHI) was calculated as the number of respi-
ratory events per estimated sleep hour.

The Sueiio sleep ancillary study recruited 2,252 individuals
from December 2010 to December 2013 who were within 30
months of their baseline HCHS/SOL examination, aged 18—64
years, and without narcolepsy, severe obstructive sleep apnea
(AHI > 50/h), or using nocturnal positive airway pressure
therapy in order to identify both sociodemographic predictors
of sleep patterns and the health consequences of those patterns
in a Hispanic/Latino population. Individuals with insomnia,
restless legs syndrome, shiftwork, or other sleep disorders
were not excluded from participation. This study was approved
by the institutional review boards at all 4 sites, and all partici-
pants provided written informed consent.

Sueno Study Protocol

As part of the ancillary study, all Suefio participants com-
pleted a questionnaire in either English or Spanish based on
language preference. The questionnaire collected information
on Hispanic/Latino background, level of education, and em-
ployment status. Sleep-related symptoms were assessed using
items from the Sleep Heart Health Study Sleep Habits Question-
naire,"” the Epworth Sleepiness Scale,”® and the Insomnia Se-
verity Index.” Depressive symptoms were evaluated using the
10-item version of the Center for Epidemiological Studies—De-
pression (CES-D10) questionnaire.”® Self-reported weekday
and weekend sleep durations were computed as the difference
between habitual wake time and bedtime. Self-reported av-
erage sleep duration was computed as the weighted average of
weekday and weekend sleep durations. Height and weight were
measured, from which body mass index was calculated.

All participants were asked to wear an Actiwatch Spec-
trum (Philips Respironics, Murrysville, PA) device on their
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non-dominant wrist for 7 days and not remove the device for the
duration of the study. Participants were instructed in the use of
the event marker on the actigraph and asked to press the marker
button upon getting into or out of bed. They also completed a
sleep diary upon awakening each morning in which they noted
time to bed, time out of bed, and any naps taken the previous day.

Data Processing

Actigraphs were programmed to collect activity and light
data in 30-sec epochs. Upon return of the actigraph and sleep
diary, data were transmitted electronically to the central
reading center at Brigham and Women’s Hospital for scoring.
Each study was evaluated by a scorer who used a standard-
ized approach as described below to set rest intervals (periods
when the subject was trying to sleep) based on 4 inputs: event
markers, sleep diary, white light intensity, and activity in order
of importance, respectively. For each day, a main rest interval
was identified as the primary period for sleep based on diaries
and usual sleep habits across the week. All other rest intervals
for that day were considered naps. For each rest interval, the
most likely time in bed was identified for each input (event
marker, sleep diary, light intensity, and activity signal) in iso-
lation. For light and activity, time in bed was identified by a
sudden large drop in signal intensity. Light intensity needed to
fall below 1 lux (or the lowest intensity observed for that day)
for > 5 epochs, and activity level needed to drop to zero for > 5
epochs. If an input was not available (e.g., incomplete diary),
the timing for that input was left as missing. Then concordance
within a 15-min interval was assessed across inputs. If > 2 in-
puts were within 15 min, the highest ranked input among those
in concordance was used to define time in bed. If 2 pairs of
inputs were in concordance for different times (e.g., both event
marker and light suggested time in bed was at 22:00 while
diary and activity both suggested 23:30), the highest ranked
input (i.e., event marker) was used to define time in bed. If
no pair of inputs was in concordance within 15 min, the pro-
cess was repeated assessing concordance within 30 min. If no
pair of inputs was in agreement across 30 min, then all inputs
were deemed unreliable and activity was used to define time in
bed. The same process was used for time out of bed. Of note, a
gradual increase in light intensity in the early morning hours
was inferred to represent sunrise and was not used for scoring
light signals.

A similar approach was used to score naps. However, rest
intervals for naps were only created if either a diary or event
marker indicated an attempt by the participant to sleep. Other-
wise, periods of low activity and low light intensity were inter-
preted as quiet wakefulness (e.g., watching a movie in relative
darkness).

A day of recording was defined from noon to noon. Each day
of recording was evaluated for quality. Any day with >4 h of
missing data or > 2 min of missing data during sleep in a main
rest interval was considered invalid. Data could be missing due
to off-wrist detection or a technical failure of the device. In
the entire Suefo study, 208 out of 15,719 days (1.3%) were dis-
carded due to missing data. Only studies with > 5 valid days
were considered adequate for analysis.

Once rest intervals were defined, the Actiware 5.59 al-
gorithm using 5 immobile minutes to define sleep onset, 0

Reproducibility of an Actigraphy Scoring Algorithm—Patel et al.

220z 1snbny oz uo1senb Aq £1L08L1Z/L61L/6/8E/e1o1nie/das|s/woo dnoolwspede)/:sdyy woly papeojumoq



immobile minutes for sleep offset, and a wake threshold ac-
tivity count of 40 was applied to generate sleep/wake status for
each epoch. This algorithm has been previously validated on
an epoch-by-epoch basis against polysomnography.®2223

Outcomes of Interest

Actigraphic variables of interest were: mean nightly sleep
duration, mean napping duration, mean 24-h sleep duration,
mean sleep latency, mean sleep maintenance efficiency, mean
sleep fragmentation index, mean sleep onset time, mean sleep
offset time, mean sleep midpoint time, standard deviation (SD)
of sleep duration, and SD of sleep midpoint. Mean nightly
sleep duration was calculated as the total amount of time (in
minutes) scored as sleep within each main rest interval aver-
aged over the number of valid days of recording. Of note, for
shiftworkers or others with unusual sleep habits, nightly sleep
duration may actually occur during daytime hours. Mean nap-
ping duration was calculated as the total amount of time (in
minutes) scored as sleep within all nap intervals each day av-
eraged over the number of valid days of recording. Mean 24-h
sleep duration was defined as the sum of nightly sleep duration
and napping duration. Mean sleep latency is the total amount
of time (in min) from the beginning of each rest interval until
the first epoch scored as sleep averaged over all main rest in-
tervals. Mean sleep onset time is the clock time (HH:MM) of
the first epoch scored as sleep in each main rest interval av-
eraged across all main rest intervals containing sleep. Mean
sleep offset time is the clock time (HH:MM) of the last epoch
scored as sleep in each main rest interval averaged across all
main rest intervals containing sleep. Sleep midpoint was cal-
culated as the midpoint between sleep onset and sleep offset.
Mean sleep maintenance efficiency was calculated as the pro-
portion of time from sleep onset to sleep offset in each main
rest interval that was scored as sleep averaged across all valid
days of recording expressed as a percentage. The sleep frag-
mentation index for each main rest interval is also expressed as
a percentage and calculated as the sum of the proportion of all
epochs from sleep onset to sleep offset that were mobile (i.e.,
the activity count was > 2) and the proportion of all immobile
bouts from sleep onset to sleep offset < 1 min in duration (i.c.,
consecutive epochs where the activity count was < 2 that were
only < 2 epochs in length).** The mean sleep fragmentation
index averages the value for each main rest interval across all
main rest intervals containing sleep. SDs of sleep duration and
sleep midpoint were calculated as the SD of nightly sleep dura-
tion and sleep midpoint, respectively, over all main rest inter-
vals in the recording and expressed in minutes.

Reproducibility Subsample

From the first 790 valid studies completed, a random sample
of 50 studies was selected for the reproducibility assessment.
For these studies, 4 copies of both the actigraphy data and sleep
diary were generated and labeled with new IDs. These studies
were scored twice by each of 2 scorers blinded to the identity
of the study. The 2 evaluations by each scorer occurred a me-
dian of 15 weeks apart (range 2—78 weeks). The studies were
all then processed using the standardized approach described
above to generate the 11 actigraphic variables considered in
this analysis.
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Statistical Analysis

Characteristics of the reproducibility subsample and the re-
mainder of the Suefio cohort were compared to assess for gen-
eralizability using t-tests for continuous variables and y? tests
for categorical variables. Differences between scorers were as-
sessed using paired t-tests averaging within scorer data. Agree-
ment between and within scorers was assessed with intraclass
correlation coefficients (ICCs) which were computed using a
random effects model that simultancously models both intra-
scorer and inter-scorer variability as random effects.”¢ Age,
sex, Hispanic background, and employment status were each
assessed as predictors of both the inter-scorer difference and
the inter-scorer variance for each of the 11 actigraphic sleep
measures using linear regression. Because of the multiple com-
parisons (4 assessments X 2 outcomes X 11 sleep measures)
being considered, P < 0.01 was used a priori as the threshold
for statistical significance in these analyses; P < 0.05 was used
to indicate statistical significance in all other analyses. Bland
and Altman plots were created to assess systematic differ-
ences between scorers and whether any differences between
scorers varied across the range of each measure.?” All P values
reflected 2-tailed testing. All analyses were performed using
SAS v. 9.2 (SAS Institute, Cary NC).

In interpreting the magnitude of variability identified due to
intra- or inter-scorer differences, we considered the minimum
clinically important difference for nightly sleep duration, nap-
ping duration, 24 hour sleep duration, sleep latency, sleep onset
time, sleep offset time, and sleep midpoint time to be 15 min-
utes and the corresponding difference for sleep maintenance
efficiency and sleep fragmentation index to be 5%.

RESULTS

A total of 2,252 subjects were enrolled in the Suefio ancil-
lary to HCHS/SOL. Of these, 34 were excluded due to <5 days
of valid actigraphy data, leaving 2,218 valid studies. Table 1
compares demographic characteristics between the 50 sub-
jects whose data were selected for this reproducibility analysis
and the remaining Suefo participants. There was a trend for
those selected to be older with a difference in mean age of 3.1
years (P = 0.06). Otherwise, no substantial differences were
identified. Similarly, no differences were found in actigraphy
characteristics between the reproducibility subsample and the
remaining cohort (Table 2).

The mean values for each of the 11 actigraphic variables on
each of the 4 assessments are displayed in Table 3. As can be
seen from the mean inter-scorer differences, no substantial dif-
ference in scoring between the 2 scorers was identified. Both
mean nightly and 24-h sleep duration differed between scorers
by about 7 minutes. While this was statistically significant, the
clinical relevance of a difference of this magnitude is question-
able. Similarly, while the mean difference between scorers for
sleep fragmentation index was statistically significant and the
difference in sleep maintenance efficiency was of borderline
significance, the absolute difference of < 1% in each measure
is not clinically important. Values for sleep latency differed
by less than a minute. Among the sleep timing variables, the
difference between scorers in both sleep onset and sleep offset
was roughly 4 minutes but in opposite directions, resulting
in virtually no difference in sleep midpoint time. For all 11
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Table 1—Demographic characteristics of reproducibility study and remaining Suefio Participants, the Suefio Study 2010-2013.
Reproducibility Study (n = 50) Remaining Sueio Participants (n =2,168) P value
Age (years) 478+10.5 447 +11.6 0.06
Male 34.0% 35.1% 0.87
Hispanic/Latino Background 0.16
Dominican 4.0% 12.5%
Central American 22.0% 13.1%
Cuban 12.0% 17.9%
Mexican 26.0% 271%
Puerto Rican 30.0% 20.4%
South American 6.0% 8.2%
More than one/other 0.0% 0.8%
High School graduate 58.0% 67.7% 0.15
Employed 60.0% 58.0% 0.78
Body mass index (kg/m?) 293+57 30.3+6.7 0.32
Self-reported sleep duration (h) 81+16 79+14 0.49
Epworth sleepiness score 6.3+5.7 57145 0.34
Apneaihypopnea index (events/h) 4873 48+78 0.98
Insomnia severity index 75+6.3 75+6.6 0.98
CES-D10 score 8973 75+6.2 0.12
Values displayed are mean + standard deviation or percentage. CES-D10, Center for Epidemiological Studies—Depression 10 item scale.
Table 2—Actigraphic characteristics of reproducibility study and remaining Suefio participants, the Suefio Study 2010-2013.
Reproducibility Study (n = 50) Remaining Suefo Participants (n =2,168) P value
Number of valid days of recording 73+12 71+09 0.13
Nightly sleep duration (min) 416.3+73.6 403.5+63.0 0.16
Napping duration (min) 13.7+26.8 1.4+£207 0.36
24 Hour sleep duration (min) 430.0 + 69.1 4149 +62.3 0.09
SD of sleep duration (min) 77.8+429 725+36.0 0.31
Sleep latency (min) 9.2+6.9 10.8 £ 15.0 0.44
Sleep maintenance efficiency (%) 872+45 85.8+6.1 0.10
Sleep fragmentation index (%) 19.5+57 21377 0.10
Sleep onset time (HH:MM + min) 00:10 + 98 00:01 + 98 0.49
Sleep offset time (HH:MM + min) 07:56 + 101 07:38 + 96 0.21
Sleep midpoint time (HH:MM + min) 04:03 £ 91 03:49 £ 91 0.28
SD of sleep midpoint (min) 60 +43 55 +42 0.45
Values displayed are mean * standard deviation. SD, standard deviation.

variables, both the intra-scorer and inter-scorer ICCs were ex-
tremely high, ranging from 0.911 to 0.995.

The inter-scorer difference and inter-scorer variance for the
11 actigraphic variables did not differ by age, sex, employment
status, or Hispanic background (P > 0.01 for all comparisons).
In addition, Bland and Altman plots did not reveal substantial
discrepancy in these actigraphic variables between scorers or
any trend in inter-scorer differences as the average increases
(Figure 1).

DISCUSSION

Actigraphy is increasingly being utilized in large cohort
studies to better understand the impact of sleep patterns on
health. Unfortunately, few studies have explicitly defined the
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methods used to define rest intervals making it difficult for find-
ings in one study to be validated in other cohorts. We have de-
vised explicit instructions for the setting of rest intervals and
demonstrate that this standardized algorithm can produce highly
reproducible values for a range of actigraphy-derived measures
of sleep, and that this reproducibility is consistent across various
subpopulations using the same scoring algorithm and thresholds.

Past studies using actigraphy in large cohorts have relied
on earlier devices with more limited sensory abilities. In the
Study of Women’s Health across the Nation (SWAN), rest in-
tervals were defined based on sleep diaries alone.?® In an ancil-
lary study of the Coronary Artery Risk Development in Young
Adults (CARDIA) cohort as well as the Rotterdam Study, rest
intervals were defined based on event markers with use of
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Table 3—Intra- and inter-scorer differences in actigraphy scoring, the Suefio Reproducibility Study (n = 50).
Scorer 1 Scorer 2 Intra- Inter-scorer Inter-
Evaluation1 Evaluation2 Evaluation1 Evaluation2 scorer ICC Difference P value* scorerICC

Nightly sleep duration (min) 416.3+73.6 4109+£756 42011734 4215+712 0.982 -7.18+12.57 0.0002 0.977
Napping duration (min) 13.7+268 1221240 13.0+237 131270 0973 -010+206 0.75 0.973
24 hour sleep duration (min) 430.0+69.1 4232+721 4331+701 4346+665 0977 -7.28+12.54 0.0002 0.972
SD of sleep duration (min) 7781429 7681436 76.8+425 76.8+450 0.957 048+982 0.73 0.957
Sleep latency (min) 92+69 88+6.9 91+76 89+7.1 0911  -0.02+258 0.95 0.911
Sleep maintenance efficiency (%) 872+45 874144 869+49 87.1+46 0.941 029+1.07 0.06 0.940
Sleep fragmentation index (%) 195+57 193%57 19.7+£57 198156 0977 -0.33+0.82 0.006 0.976
Sleep onset time (HH:MM = min) ~ 00:10£98  00:14 + 101 00:.07 £98  00:08 £ 99 0.995 465+8.04 0.0002 0.994
Sleep offset time (HH:MM £ min) ~ 07:56 £ 101  07:53 £ 98 07:58 +100 08:00 + 99 0989 -4.33+1246 0.02 0.988
Sleep midpoint time (HH:MM + min) 04:03 £91  04:04 + 92 04:.03£91  04:04+92 0.995 016717 0.87 0.995
SD of sleep midpoint (min) 60.0+429 593+414 60.0+423 605+439 0.988 -0.67+6.08 0.44 0.988

Values displayed are means +* standard deviation. *P value testing null hypothesis that inter-scorer difference is zero based on paired t-test. SD, standard

deviation; ICC, intraclass correlation coefficient.

sleep diaries only when event markers were missing.?** The
implementation of event markers in actigraphs has improved
the ability to infer when a subject is trying to sleep. The subject
is asked to press the marker when they get in or get out of bed.
However, failure to remember to press the event marker is a
frequent occurrence.’! In none of these studies is it clear how
rest intervals are defined when sleep diaries are not completed,
an important issue given the fairly high rate of diary non-com-
pliance.*” In actigraphic assessments conducted in the Study of
Osteoporotic Fractures (SOF) and the Osteoporotic Fractures
in Men Study (MrOS) cohorts, sleep diaries were used to set
rest intervals, but scorers were allowed to use activity to adjust
these intervals when diaries were missing or appeared inaccu-
rate.'>* A manual of procedure was created to standardize this
subjective process across scorers and reliability data from SOF
demonstrate that the protocol used for setting rest intervals
produced reproducible data between study scorers.!> However,
details about the protocol for replacing missing or incongruous
diary data with activity data have not been published, limiting
the ability of others to replicate the scoring approach used.
This can be problematic when attempting to compare actig-
raphy results across studies.

In our study, we utilized a newer device, the Actiwatch Spec-
trum, which provides illuminance data in addition to event
marker and activity data. While photometric performance of
the Spectrum device has been questioned, validation studies
do find a linear absolute response.*** This supports the use of
illuminance data to identify abrupt changes in light intensity
as would be expected with turning off and turning on bedroom
lights at bedtime and wake time. To our knowledge, light data
have not been previously incorporated into actigraphy scoring
algorithms in a standardized fashion for defining the rest in-
terval. In addition, we utilized an easy implementable strategy
of assessing consistency across input signals. If multiple in-
puts were within 15 minutes of either, they were deemed con-
sistent and guided rest interval setting while inputs that were
not temporally close were deemed inconsistent and devalued.
Finally, the Spectrum device has a novel off-wrist detection
feature where the lack of a drop in electrical capacitance of
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the device case due to the expected capacitive coupling to the
conductive properties of the wrist surface is detected. Utilizing
this feature allows for censoring of periods when the device
is not being used and as a result, likely improves accuracy of
identifying true periods of subject inactivity. However, actual
performance of the off-wrist detection algorithm has not yet
been independently verified.

All 11 actigraphic variables considered in this analysis were
found to be highly reproducible with no significant differences
in reproducibility across important subgroups. Both nightly
sleep duration and 24-h sleep duration had very similar repro-
ducibility and mean difference. The tight relationship relates to
the highly reproducible scoring of naps using our conservative
strategy of only scoring naps if marked by either event marker
or sleep diary. Our high ICCs (above 0.95) for nightly sleep du-
ration and nap duration are comparable to those reported in the
SOF cohort. In contrast, our ICCs for sleep latency (0.91) and
sleep maintenance efficiency (0.94) suggest greater reliability
than those reported in SOF (0.88 and 0.84, respectively), sug-
gesting our more rigid rules may preferentially improve repro-
ducibility for these measures.'? In terms of the diurnal phase
measures (sleep onset, sleep offset, and sleep midpoint), sleep
midpoint appeared to be the most robust to scoring variability.
Given that sleep midpoint is also less influenced by sleep du-
ration, our data support the use of sleep midpoint as a better
marker of circadian phase than other measures commonly ob-
tained from actigraphy. This is consistent with prior research
based on self-report data.’

Several of the measures assessed have not been previously
evaluated for reproducibility in a standardized fashion. How-
ever, they have been associated with relevant health outcomes
making an understanding of the reproducibility of these mea-
sures important. Variability in sleep duration has been associ-
ated with subjective sleep quality and well-being,*” while both
the standard deviation of sleep duration and the sleep fragmen-
tation index have been associated with obesity.’*

Limitations of this work should be noted. We did not per-
form polysomnography, the gold standard of sleep assessment,
so while our data speak to the reproducibility of our measures,
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Figure 1—Inter-scorer differences in actigraphic variables, the Suefio Reproducibility Study (n = 50). Bland and Altman plots assessing the difference
between scorers (averaging over passes by each scorer) as a function of the overall mean value for nightly sleep duration (A), napping duration (B), 24-h
sleep duration (C), standard deviation of nightly sleep duration (D), sleep latency (E), sleep maintenance efficiency (F), sleep fragmentation index (G), sleep
onset time (H), sleep offset time (1), sleep midpoint time (J), and standard deviation of sleep midpoint time (K). For each graph, the mean difference and
95% confidence interval lines are plotted along with the raw data. SD, standard deviation.
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we cannot directly assess the accuracy of our scoring strategy.
Further research is needed to assess the accuracy of measures
derived from such a scoring protocol against electroencepha-
lographic-based measurements of sleep. We also did not com-
pare our results to alternative scoring strategies such as the
standard practice of relying on best judgment of the scorer or
using a strategy with a different hierarchy of scoring inputs.
As such, we are unable to demonstrate directly whether our
standardized strategy provides an improvement in accuracy or
reliability over other methods. However, by providing a clear
and detailed protocol for scoring, we allow others to replicate
our scoring strategy and determine whether sleep patterns in
other populations are similar or different from the cohort eval-
uated in this study.
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It should be noted that this study was conducted in a middle
aged Hispanic/Latino population screened to exclude severe
sleep apnea and narcolepsy. The generalizability of our find-
ings to younger or older populations who may have different
levels of physical activity or different sleep patterns including
napping behaviors as well as different rates of compliance
with the use of event markers and sleep diaries is unclear. The
importance of carefully setting rest intervals is magnified in
populations where sleep habits are irregular such as our cohort,
which was made up of young adults with a high prevalence of
shift work and a high rate of napping.

In conclusion, our findings suggest the use of a standardized
algorithm incorporating data from the multiple inputs available
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in modern actigraphy limits intra- and inter-scorer variability,
thereby providing reproducible sleep/wake summary data
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