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Study Objectives: To evaluate the clinical utility of actigraphy as compared with sleep questionnaires prior to the Multiple Sleep Latency Test (MSLT) in a sleep
disorders clinic population.
Methods: Twenty-eight clinically referred participants (mean age: 42.3 ± 18.8 years) completed the study protocol. On day 1, participants completed the following
questionnaires: Epworth Sleepiness Scale (ESS), Insomnia Severity Index, Pittsburgh Sleep Quality Index (PSQI), Visual Analog Scale (affect, vigor), Patient
Health Questionnaire, and Multidimensional Fatigue Symptom Inventory–Short Form. On days 1–8, participants wore an actigraph and completed a sleep diary to
assess mean nighttime and mean daytime total sleep time and sleep efficiency or sleep percentage. On day 9, participants repeated the ESS and completed an
MSLT. Correlations assessed mean MSLT sleep-onset latency (MSLT-SOL) vs actigraphy, sleep diary, and questionnaires. Chi-square analyses assessed abnor-
mal MSLT-SOL (≤ 8 minutes) or daytime sleepiness (ESS ≥ 10) and referral question (ie, sleep-disordered breathing vs hypersomnolence disorder).
Results: Mean MSLT-SOL was correlated with nighttime total sleep time assessed via both actigraphy and diary, but not with questionnaires. Significant correla-
tions emerged for ESS score on day 1 vs 9, actigraphy vs sleep diary mean nighttime total sleep time, and PSQI vs mean sleep diary sleep efficiency. There was
no significant relationship between mean MSLT-SOL and referral question.
Conclusions: Our finding that total sleep time measured by actigraphy was associated with MSLT-SOL suggests it is useful in informing the interpretation of
MSLT findings; however, it does not appear to be a viable substitute for MSLT for the measurement of objective sleepiness in clinical settings.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Current hypersomnia assessment methods present several challenges such as poor correlation between self-
report questionnaires and functioning, and dubious construct validity for laboratory protocols with high patient burden, cost, and lack of concurrence with
daily sleep/wake patterns. This preliminary study examined the potential utility of actigraphy in the clinical evaluation of hypersomnia.
Study Impact: Daytime symptom questionnaires do not provide sufficient information with regard to subsequent Multiple Sleep Latency Test performance.
Actigraphy is well established as a tool for quantification of night total sleep time, but despite devices being worn for 24 hours, it is not well studied for evalu-
ation of daytime sleepiness. While actigraphy may be an option to document adequate sleep prior to Multiple Sleep Latency Test, there are few validated
data in clinical populations.

INTRODUCTION

Daytime sleepiness is a common symptom in sleep disorder
clinic populations1; however, the best method to evaluate sleep-
iness symptoms remains unclear. The most commonly used
clinical tools to assess daytime sleepiness are patient-
completed questionnaires such as the Epworth Sleepiness Scale
(ESS).2 However, questionnaires correlate poorly with objec-
tive measures of functioning, performance, and alertness,3–5

and may therefore have low construct validity.6

When the diagnosis of a central disorder of hypersomnia is
being considered, a laboratory Multiple Sleep Latency Test
(MSLT) is conducted.7 In contrast to questionnaires, laboratory

MSLT combines objectivity with high construct validity, and the
MSLT is considered the “gold standard” for objective evaluation
of daytime sleepiness and the gold-standard clinical tool for the
diagnosis of disorders of hypersomnolence.8,9 Yet, as is true with
many “gold standard” assessments, the MSLT is limited by high
patient burden and cost. Furthermore, the MSLT assesses sleepi-
ness in the laboratory environment, which may not reflect the
true degree of impairment associated with the patient’s habitual
sleepiness, it is heavily influenced by the patient’s recent sleep
history, and the test-retest variability has not been well docu-
mented, with the possible exception of type I narcolepsy.10,11

The impact of insufficient sleep prior to the MSLT has led to
requirements for documenting adequate sleep prior to
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conducting the test,9 as insufficient sleep in the nights prior to
the test can lead to short sleep-onset latency (SOL) during the
MSLT nap opportunities.12 Insufficient sleep prior to testing
therefore can make interpretation of abnormal MSLT findings
difficult; however, there is lack of agreement about how best to
capture sleep duration prior to testing. Recent clinical practice
guidelines13 and the International Classification of Sleep Dis-
orders, third edition,8 both suggest that wrist actigraphy may be
useful, but is not required, in quantifying sleep time prior to the
MSLT as this may provide a more precise estimate of true sleep
time as compared with retrospective patient self-report or daily
sleep diaries. Furthermore, the clinical standard of conducting
an overnight polysomnography (PSG) recording the night prior
to the MSLT may, in fact, inadvertently alter sleep or provide a
false representation of the patient’s habitual sleep.14

In-laboratory PSG may lead to less sleep than the patient might
normally get due to sleep disruption associated with the labora-
tory environment and PSG sensors. Alternatively, 1 night of
adequate sleep during the PSG night might not be sufficient to
make up for multiple nights of insufficient sleep leading up to
the in-laboratory study.15

Studies using retrospective medical record review show that
actigraphy may provide useful information over and above
patient reported total sleep time (TST) prior to an in-laboratory
MSLT.16,17 For example, in a study of patients seen at a mili-
tary hospital for evaluation of hypersomnia, TST was moni-
tored with actigraphy and sleep diaries for 2 weeks prior to
MSLT.17 The authors found that actigraphy-measured average
nightly sleep duration was shorter than retrospective self-
reported TST or sleep-log recorded TST, and only actigraphy-
measured TST for the 2 weeks prior to the MSLT was related to
mean SOL during the MSLT. Furthermore, those with mean
SOL≤ 8 minutes on the MSLT had significantly shorter sleep
and lower sleep efficiency (SE) based on actigraphy, but not
based on other measures. This study suggests that actigraphy
provides additional useful information above and beyond sleep
diaries in a retrospective chart review study. One important lim-
itation is that the study included primarily males (87%) who
were relatively young (mean age of 30 years), which does not
reflect the full range of patients seen in nonmilitary sleep disor-
ders centers.

In addition to the potential utility of actigraphy to quantify
nightly sleep time prior to the MSLT, actigraphy also provides
a glimpse into the patient’s daytime sleeping, since devices are
worn continuously and not only at night.18 It is not clear, how-
ever, whether daytime sleep as estimated via actigraphy more
closely corresponds to patient-reported sleepiness or to objec-
tive MSLT-assessed sleep tendency. This uncertainty limits the
usefulness of daytime estimation of sleep time for clinicians.

This pilot study sought to investigate the potential utility of
actigraphy in quantifying nighttime and daytime sleep during
the week prior to the MSLT in a broad cross-section of patients
referred to an academic sleep center. We aimed to explore the
relationships between SOL on the MSLT (MSLT-SOL) and
actigraphy-estimated sleep, sleep diary variables, and sleep-
related questionnaires the week prior to the MSLT. Our goal
was to understand whether actigraphy prior to the MSLT may
be clinically informative. We hypothesized that nighttime TST

assessed via actigraphy in the week prior to the MSLT would
be a stronger predictor of mean MSLT-SOL than sleep diary
variables or sleep-related questionnaires. We also hypothesized
that daytime sleep time captured by actigraphy would be associ-
ated with patient-reported sleepiness and MSLT-SOL. Specifi-
cally, we expected that daytime sleep (ie, total daytime minutes
and % time asleep) would (1) predict mean MSLT-SOL and (2)
explain a significant proportion of the variance in mean MSLT-
SOL, even after accounting for sleepiness reported on patient
questionnaires (ie, Epworth Sleepiness Scale [ESS] score). We
also conducted exploratory analyses to determine whether there
was a relationship worth further exploration in future research
between abnormal vs normal mean MSLT-SOL and either (1)
high vs low self-reported daytime sleepiness or (2) referral for
suspected sleep-disordered breathing (SDB) vs hypersomno-
lence disorders.

METHODS

Study procedures were reviewed and approved by the Univer-
sity of California, Los Angeles (UCLA), Institutional Review
Board. Potential participants were recruited from the UCLA
sleep disorders center during one of their clinical visits. All
study procedures, including interviews, PSG, and MSLT
recordings, were carried out at the UCLA Clinical Translational
Research Center (CTRC) by CTRC staff and study personnel.
Participants with a recent overnight clinical PSG recording for
clinical purposes did not repeat the research PSG in the CTRC
laboratory. Instead, variables were abstracted from the clinical
reports.

Participants
In total, 29 sleep disorders clinic patients enrolled in the study.
One participant did not complete the MSLT and was excluded
from the analytic sample. During a clinical visit, patients were
provided with information about the study and were invited to
complete a brief screening assessment (described below). Using
medical record documentation of the reason for referral to the
sleep center, participants were categorized as either (1) referred
for evaluation of SDB or (2) referred for specific evaluation
of hypersomnolence disorders (eg, narcolepsy, idiopathic
hypersomnia).

To enhance generalizability, we minimized exclusionary cri-
teria to the extent possible. Only adult patients (age > 18 years)
referred to and evaluated by a sleep specialist within the sleep
disorders center were considered eligible to participate. Consid-
erations in developing inclusion/exclusion criteria included fac-
tors likely to threaten the validity of self-report measures or
wrist actigraphy, contribute to electroencephalographic abnor-
malities, or limit an individual’s ability to complete study pro-
cedures. Potential participants were excluded for the following
reasons: (1) movement disorders or limited mobility (eg, spinal
cord injury or stroke that limits limb movements and threatens
validation of actigraphy recording); (2) suspected or confirmed
parasomnias (eg, REM [Rapid EyeMovement] Behavior Disor-
der); (3) seizure, neurocognitive, or severe psychiatric disorders
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(eg, schizophrenia, dementia, severe depression, alcohol or
drug use disorders with < 90 days’ sobriety); (4) inability to
spend 1 night and day in the sleep laboratory (eg, due to
caregiving responsibilities); (5) use of sedating or stimulating
psychoactive medications (eg, sedative hypnotics, anxiolytics,
antidepressants); or (6) being too ill or frail to complete
study activities. Individuals taking medications routinely for
stable medical conditions (eg, lipid-lowering medications) were
not excluded. Participants tracked nonexclusionary medication
use during the week of actigraphy recording daily within the
sleep dairy (described below in the “Study measures” section)
to confirm that excluded medications were not used during
the study.

Procedures
Interested individuals were screened by study staff during their
in-person visit to the sleep disorders clinic or over the telephone
shortly after their clinical visit. Study procedures were
reviewed. Individuals who met basic eligibility criteria attended
a face-to-face consent appointment at the UCLA CTRC (day
1). The study was explained in detail and written informed con-
sent was obtained. Those who met all screening criteria com-
pleted a series of questionnaires about sleep and select
comorbid conditions. Participants were provided with a sleep
diary (based on the Consensus Sleep Diary19) to be completed
every morning about the previous night’s sleep and with a wrist
actigraph, which they wore 24 hours a day at home for 1 week
(night 1–day 8). Wrist actigraphs were worn and sleep diaries
were maintained daily throughout the 1-week at-home

monitoring period. At the end of the 1-week at-home monitor-
ing, they returned to the CTRC sleep laboratory for an attended
overnight PSG (night 8) followed by a daytime 5-nap research
MSLT (day 9), following standard protocols and procedures.
Questionnaire measures related to daytime sleepiness were
completed twice, once on the first day of wrist actigraphy (day
1) and once on the day of the MSLT (day 9). (See Table 1 for
study measures by day and the “Study measures” section below
for detailed descriptions of all questionnaires and instruments.)

Study measures
Participants completed several self-report measures assessing
information on demographics and comorbidities to help charac-
terize the sample. The self-reported Comorbidity Index,20,21 a
validated, 34-item self-report measure of physical (28 items)
and mental (6 items) comorbidity, provided a comorbidity
index score and individual comorbid conditions as key varia-
bles of interest. Questions on the Comorbidity Index reflect
whether an individual has ever experienced a list of common
physical or mental health conditions in their lifetime. Physical
Component and Mental Component scores of the 12-item
Short-Form Health Survey (SF-12)22 were our main measures
of health-related quality of life. The Patient Health
Questionnaire–9 item (PHQ-9)23 measured depressive symp-
tom severity given the potential role of depression in daytime
sleepiness and fatigue.

Daytime sleepiness and related symptoms were assessed via
retrospective and prospective questionnaires. The main measure
of patient-reported daytime sleepiness was the ESS2 based on its

Table 1—Study measures by day of study.

Category and Measure
Day of Study

1 2 3 4 5 6 7 8 9

Questionnaires

ESS X X

ISI X

PSQI X

VAS X X

MFSI-sf X

Comorbidity Index X

SF-12 X

PHQ-9 X

Daily sleep measures

24/7 Actigraphy X X X X X X X X X

Daily sleep diary X X X X X X X X X

Objective sleep measure

PSG (overnight) X*

Hypersomnia diagnostic measure

MSLT (daytime) X

*Research PSG was not repeated if the patient had recently completed a clinical PSG. ESS = Epworth Sleepiness Scale, ISI = Insomnia Severity Index,
MFSI-sf = Multidimensional Fatigue Symptom Inventory–Short Form, MSLT = Multiple Sleep Latency Test, PHQ-9 = Patient Health Questionnaire–9
Item, PSG = polysomnography, PSQI = Pittsburgh Sleep Quality Index, SF-12 = 12-item Short-Form Health Survey, VAS = Visual Analog Scale.
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routine use in clinical care and for monitoring responsiveness to
treatment of sleep disorders.24 We included the Visual Analog
Scale (VAS) for vigor and affect, which also has been shown to
detect changes in sleepiness across patient groups and experimen-
tal settings.25 We also used the Multidimensional Fatigue Symp-
tom Inventory–Short Form (MFSI-sf)26 as a measure of fatigue.

Participants wore an Actiwatch (Philips Respironics, Murrys-
ville, PA) actigraph device on the nondominant wrist for 8 consecu-
tive days and nights immediately prior to and including the day of
theMSLT to assess for sleep and wake patterns prior to the MSLT.
Medium threshold settings were used, and data were collected in
1-minute epochs. The automatic scoring algorithm in the device
was used to determine sleep vs wake. Actigraphy data were scored
according to standard visual review of raw data to eliminate techni-
cal (device failure) and situational (eg, device removed) artifact,
followed by defining “nighttime” as the period from diary-reported
bedtime to diary-reported rising time and “daytime” as the period
from diary-reported rising time to diary-reported bedtime (sleep
diary described below). The key actigraphy variables for the cur-
rent study were the total daytime minutes of sleep (mean daytime
TST), total nighttime minutes of sleep (mean nighttime TST),
nighttime SE (mean nighttime sleep%), and the percentage of time
asleep between morning rise time and bed time (mean daytime
sleep%) averaged across the 1-week at-homemonitoring period.

We compared hypersomnia as assessed with actigraphy with
the “gold standard” American Academy of Sleep Medicine
guidelines for the 5-napMSLT.9 Patients underwent a clinically
ordered PSG. If participants did not have a clinical PSG prior to
participation in the study, the participants spent 1 night in the
CTRC where a nighttime research PSG was completed at their
usual sleep time (as determined with sleep questionnaires com-
pleted on day 1). Both clinical and research PSGs as well as the
MSLT followed standard protocols and procedures as described
in the American Academy of Sleep Medicine guidelines9 and
were scored following the most recent American Academy of
Sleep Medicine scoring manual at the time of the study.27,28

Research PSG and MSLT data were collected and scored via
Polysmith software (Nihon Kohden Corporation, Tokyo,
Japan). Research PSG records were scored by a technician and
reviewed by coauthor M.R.Z. to identify reasons why an indi-
vidual may not be appropriate for MSLT (eg, REM Behavior
Disorder).27,28 MSLT records were scored by M.R.Z. While all
participants completed 1 night of PSG, only the apnea-
hypopnea index (AHI) is reported due to the focus of the current
paper centering on comparing actigraphy with other methods of
assessing sleepiness, as well as variation in how PSGs were per-
formed and documented across participants (ie, in clinical vs
research labs).

The daily sleep diary served 2 purposes. First, documented
bedtimes and rise times were used to facilitate scoring of actigra-
phy, and these times were used to demarcate the daytime period
for assessment of hypersomnia. The full diary was also used as a
measure of self-reported daytime sleeping (mean daytime TST)
and nighttime sleeping (mean nighttime TST) as well as night-
time SE (mean nighttime SE) averaged across the 1-week
at-home monitoring period. We used an expanded version of the
Consensus Sleep Diary19 to request documentation of total
minutes intentionally napping and inadvertently dozing each day.

To facilitate characterization of our study sample and assist
in development of future studies, participants were asked to
complete the 7-item Insomnia Severity Index,29 which is widely
used to assess insomnia severity in clinical and research set-
tings, and the 19-item Pittsburgh Sleep Quality Index (PSQI)30

to quantify global patient-reported sleep quality over the past
month. We also used the nighttime TST item from the PSQI.

Data analysis
The primary analyses addressed the study aims focused on
patient-reported sleepiness, actigraphy, patient-reported meas-
ures of sleep including sleep diary and questionnaires, and the
MSLT. After describing the sample using descriptive statistics,
we examined whether there was a significant correlation
between ESS total score at day 1 (baseline) and day 9 (day of
MSLT), and between PHQ-9 (with the sleep item excluded
from the total score) and our sleep outcomes of interest. We ran
bivariate Pearson correlations between mean MSLT-SOL and
each of the 4 actigraphy measures (nighttime and daytime TST,
nighttime and daytime sleep %), 2 sleep diary measures (night-
time TST and SE), PSQI (nighttime TST and total score), the
ESS total score (day 9), and AHI. To account for the potential
implications of SDB symptoms on sleep and daytime sleepi-
ness, we also assessed the same correlations separately by SDB
status (AHI < or ≥ 5 events/h). Finally, we conducted chi-
square analyses to determine whether (1) high or low levels of
self-reported sleepiness (ESS score < 10 or ≥ 10, respectively)
or (2) referral question (suspected SDB or hypersomnolence
disorder) were associated with abnormal mean MSLT-SOL
(≤ 8 minutes) and whether PSG on the night prior to MSLT
(yes or no) was associated with abnormal mean MSLT-SOL or
excessive self-reported sleepiness. A total of 9 (31.0%) partici-
pants completed a PSG the night prior to the MSLT, 4 of whom
had an abnormal MSLT-SOL (≥ 8 minutes) and 6 of whom had
an abnormal ESS (day 9; ≥ 10). There were no significant asso-
ciations between PSG on the night prior to MSLT (yes/no) and
abnormal mean MSLT-SOL or self-reported sleepiness (day 9
ESS score < 10 or ≥ 10) on the day of the MSLT. As a result,
we present the findings for the combined group. As this was a
pilot study, we computed the required sample size using a
framework recommended for pilot studies and used a = .20 as
the threshold for statistical significance as recommended by
Stallard31 since the intention of this study was to explore varia-
bles important for future study. All statistical analyses were
conducted using Stata/MP version 15.1 (StataCorp, 2019; Stata-
Corp LLC, College Station, TX).

RESULTS

A total of 28 individuals comprised the analytic sample for the
study (Table 2). Sleepmeasures are detailed inTable 3. One par-
ticipant did not provide responses to 2 questions on the PSQI and
a total score could not be calculated as a result. All other meas-
ures from the participant with the missing global PSQI are
included in the results. The mean number of comorbidities on the
Comorbidity Index was 4.0 (SD = 3.8; range = 1–16 conditions).
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The most commonly reported conditions were anxiety (42.9%),
depression (39.3%), back pain (35.7%), and irregular heartbeat
(32.1%). There were significant correlations between PHQ-9
with the sleep item excluded and actigraphy nighttime total sleep
(r[28] = .52, P = .005) and actigraphy daytime total sleep (r[28]
= .25, P = .202), but not with other sleep outcomes.

Half of the participants were referred for evaluation of possi-
ble SDB (n = 14, 50.0%), and the remainder were referred to
assess for disorders of hypersomnolence such as narcolepsy or
idiopathic hypersomnia (n = 14, 50.0%). We conducted a chi-
square analysis to determine whether there was a relationship

between referral reason and AHI and found a significant associ-
ation (X2[1] = 5.14, P = .023), such that 71% (n = 10) of individ-
uals referred for SDB had an AHI ≥ 5 events/h and 71% (n =
10) of individuals referred for evaluation of disorders of hyper-
somnolence had an AHI < 5 events/h.

Mean MSLT-SOL vs actigraphy, sleep diary, daytime
sleepiness, and AHI
Table 4 shows correlation coefficients between mean MSLT-
SOL and sleep measures. Significant correlations were observed

Table 2—Participant characteristics.

Characteristics n Mean ± SD or n (%) Range

Demographics

Age in years, mean ± SD 28 42.3 ± 18.8 19–77

Race/ethnicity, n (%) 28

Non-Hispanic White 19 (67.9) —

Asian 6 (21.4) —

Hispanic or Latino/a 2 (7.1) —

Black or African American 2 (7.1) —

American Indian or Alaskan
Native

1 (3.6) —

Other race 1 (3.6) —

Sex, n (%) 28

Male 14 (50.0) —

Female 14 (50.0) —

Years of education, mean ± SD 28 16.6 ± 2.4 13–22

Health and comorbidities

Comorbidity Index, total score
(0–36)

28 4.0 (3.8) 0–16

BMI, mean ± SD, kg/m2 28 27.2 ± 6.0 18–40

PHQ-9 28 7.5 ± 5.9 0–20

PHQ-9 (sleep item excluded) 28 5.8 ± 5.0 0–17

SF-12 Health Survey, Mental
Component

28 46.5 ± 12.4 16.7–66.5

SF-12 Health Survey, Physical
Component

28 43.9 ± 13.3 12.0–59.4

Sleep, sleepiness, and alertness
questionnaires

ESS, mean ± SD (day 1) 28 11.1 ± 5.9 0–21

ESS, mean ± SD (day 9) 28 11.0 ± 5.9 2–24

ISI 28 11.7 ± 6.4 0–24

VAS Global Vigor Scale, mean
± SD

28 56.7 ± 23.5 9.8–94.3

VAS Global Affect Scale, mean
± SD

28 64.8 ± 9.3 42.8–78.3

MFSI-sf 28 34.6 ± 23.1 4–79

Polysomnography (PSG)

AHI, mean ± SD 28 11.5 ± 18.1 0–67

AHI = apnea-hypopnea index, BMI = body mass index, ESS = Epworth Sleepiness Scale, ISI = Insomnia Severity Index, MFSI-sf =
Multidimensional Fatigue Symptom Inventory–Short Form, PHQ-9 = Patient Health Questionnaire–9 Item, SD = standard deviation, SF-12 = 12-item
Short-Form Health Survey, VAS = Visual Analog Scale.
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between mean MSLT-SOL and mean nighttime TST assessed by
both actigraphy (P < .20; Figure 1A) and sleep diary (P < .05;
Figure 1B), but not between mean MSLT-SOL and nighttime
TST as reported on the PSQI (Figure 1C). Mean MSLT-SOL
was not significantly correlated with AHI, self-report measures
of insomnia (Insomnia Severity Index), sleep quality (PSQI),
daytime sleepiness (ESS day 1 or 9), mood (VAS affect), alert-
ness (VAS vigor), or fatigue (MFSI-sf total score). No other sig-
nificant correlations were observed between mean MSLT-SOL
and actigraphy or sleep diary (ie, daytime TST, daytime or night-
time sleep efficiency/percent), or between meanMSLT-SOL and
sleep-related symptom questionnaires.

Data were also evaluated by SDB status. In participants with-
out SDB (AHI < 5 events/h), a significant correlation emerged
between mean MSLT-SOL and mean actigraphy nighttime

TST (r[14] = .37, P = . 198), but not for other actigraphy or
sleep diary indices including sleep diary nighttime TST (r[14] =
.36, P = .208). In participants with SDB (AHI ≥ 5 events/h), a
significant correlation emerged between mean MSLT-SOL and
mean sleep diary nighttime TST (r[14] = .57, P = .032), but not
for other actigraphy or sleep diary indices.

Actigraphy, sleep diary, daytime sleepiness,
sleep-related symptom questionnaires, and AHI
Significant correlations were observed between mean actigra-
phy nighttime TST and mean sleep diary nighttime TST (r[28] =
.49, P = .009), ESS score between day 1 and day 9 (r[28] = .75,
P = .000), mean nighttime sleep diary SE and PSQI (r[27] =
2.678 P = .0001), mean actigraphy daytime TST and AHI

Table 3—Sleep measures for study participants.

Screen (Day 1) Home Monitoring (Days 2–8) Day of MSLT (Day 9)

Sleep Variables ESS (n = 28) Diary (n = 28) Actigraphy
(n = 28) PSQI (n = 27) ESS (n = 28) MSLT (n = 28)

Nighttime TST, min — 432.2 ± 78.5 438.8 ± 57.9 439.2 ± 109.7 — —

Nighttime sleep
efficiency or
percentage,* %

— 85.3 ± 8.9 84.1 ± 6.3 83.6 ± 13.6 — —

Daytime TST, min — 29.5 ± 29.3 151.4 ± 102.0 — — —

Daytime sleep, % — — 17.1 ± 11.5 — — —

MSLT-SOL, min — — — — — 9.8 ± 4.6

Questionnaire total
score

11.1 ± 5.9 — — 9.0 ± 3.8 11.0 ± 5.9 —

Values are reported as mean ± standard deviation; n = 28. *Sleep diary is reported as sleep efficiency and actigraphy is reported as sleep percentage.
As described in the Results, 1 participant did not complete the MSLTand thus is not included in any analyses, and another participant did not complete
the PSQI. ESS = Epworth Sleepiness Scale, MSLT = Multiple Sleep Latency Test, MSLT-SOL = average MSLT sleep-onset latency, PSQI = Pittsburgh
Sleep Quality Index (past-month time frame), TST = total sleep time.

Table 4—Correlation coefficients (r) for mean MSLT-SOL and sleep measures.

Sleep Measure r P

Actigraphy

Mean daytime TST, min .22 .252

Mean daytime sleep, % .22 .260

Mean nighttime TST, min .31 .107

Mean nighttime sleep, % .08 .679

Sleep diary

Mean daytime TST, min .13 .514

Mean nighttime TST, min .38 .048

Questionnaires

PSQI nighttime TST, min .20 .319

ESS total score (day 1) .18 .357

ESS total score (day 9, same day as MSLT-
SOL)

2.02 .938

n = 28. ESS = Epworth Sleepiness Scale, MSLT = Multiple Sleep Latency Test, PSQI = Pittsburgh Sleep Quality Index (past month), SOL =
sleep-onset latency, TST = total sleep time.
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(r[28] = .42, P = .025), and mean actigraphy daytime SE and
AHI (r[28] = .40, P = .037). No other significant correlations
were observed between daytime or nighttime actigraphy, day-
time or nighttime sleep diary, sleep-related symptom question-
naires, or AHI.

Mean MSLT-SOL, daytime sleepiness, referral
question, and SDB status
There were no significant associations between abnormal mean
MSLT-SOL (< or ≥ 8 minutes) and low vs high levels of self-
reported sleepiness (day 1 ESS score < 10 or ≥ 10, respectively)
or referral question (suspected SDB vs hypersomnolence disor-
der). There were also no significant relationships between
abnormal mean MSLT-SOL (< or ≥ 8 minutes) and SDB status
(AHI < 5, 5–14, or ≥ 15 events/h).

DISCUSSION

In this pilot study, we sought to explore the utility of actigraphy
in the week prior to MSLT in characterizing MSLT results, as
well as to examine different methods of evaluating sleepiness in
a clinical sample. It should be noted that an a level of .20 was uti-
lized in order to identify variables of interest for further study,
and therefore, the study results should be interpreted with cau-
tion. While prior work has focused only on patients referred for
evaluation of hypersomnia disorders,16,17 we sought to under-
stand the broader utility of actigraphy in sleep medicine practice,
including both patients referred for evaluation of hypersomnia
and patients referred for other indications. In our study, approxi-
mately one-half were referred for evaluation of SDB and one-
half were referred for evaluation related to hypersomnia.

We found that nighttime TST documented by sleep diary
(P < .05) or actigraphy (P < .20) correlated with mean MSLT-
SOL, but that questionnaire measures did not. When separated
by SDB status, differences emerged for the correlations
between mean MSLT-SOL and nighttime TST measures. Spe-
cifically, MSLT-SOL was correlated with actigraphy nighttime
TST for participants without SDB (AHI < 5 events/h), whereas
MSLT-SOL was correlated with sleep diary nighttime TST for
participants with SDB (AHI ≥ 5 events/h). Interestingly, the
mean nightly TST was, on average, approximately 7 hours
when measured by sleep diary, actigraphy, or using the self-
report item on the PSQI; however, PSQI-reported sleep dura-
tion was not related to MSLT-SOL, supporting the requirement
for either sleep diary or actigraphy outlined in the International
Classification of Sleep Disorders, third edition, for establishing
a diagnosis of hypersomnia disorders.8 This also suggests that
simple screening tools used in clinical settings may not provide
a sufficient picture of factors contributing to hypersomnia. In
fact, the ESS, which is commonly used in clinical practice, was
unrelated to MSLT-SOL or to any actigraphy or sleep diary var-
iables. This lack of correlation between patient-reported and
objectively measured daytime sleepiness has been previously

Figure 1—Scatterplots of mean MSLT-SOL and TST via
actigraphy, sleep diary, and PSQI.

Mean MSLT-SOL (y-axis) with (A) mean actigraphy nighttime TST, (B)
mean sleep diary nighttime TST, and (C) PSQI nighttime TST (x-axes).
Blue circles represent patients with no SDB (AHI < 5 events/h), red
triangles represent patients with mild SDB (AHI 5–14 events/h), and green
squares represent patients with moderate to severe SDB (AHI ≥ 15 events/
h). *MSLT-SOL vs PSQI was not significant when excluding the potential
outlier: r(27) = .13, P = .521. AHI = apnea-hypopnea index, MSLT =
Multiple Sleep Latency Test, PSQI = Pittsburgh Sleep Quality Index, SDB =
sleep-disordered breathing, SOL = sleep-onset latency, TST = total
sleep time.
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reported.32,33 Of note, the strong correlation between repeated
measurement of ESS provides evidence that the ESS is a stable
measure of self-reported sleepiness.32,33

Another critical question we sought to address was whether
daytime sleeping averaged across 1 week at home estimated by
actigraphy could be a surrogate for abnormal sleepiness as mea-
sured by the MSLT-SOL. In fact, we did not find evidence for
this hypothesis. Although actigraphy estimated more daytime
sleep than sleep diaries (2.4 hours via actigraphy vs 0.5 hours
via sleep diary), neither of these measures related to objective
sleepiness. Actigraphy captures “likely sleep” and sleep diaries
capture “perceived sleep,” and these constructs are quite differ-
ent—even people with high levels of sleepiness may be able to
sustain wakefulness during their normal daily activities. Addi-
tionally, actigraphy may have overestimated daytime sleep. As
actigraphy derives its measure of “likely sleep” from wrist
movement (vs electroencephalography-based PSG data), sitting
or lying still for an extended period of time while awake may be
miscategorized as sleep by the automated scoring algorithm. It
should be noted that the validity of actigraphy in the detection
of daytime sleep is not well established and largely depends on
the population being evaluated.34,35 It is also possible that some
individuals use planned daytime naps as a coping strategy for
sleepiness, and therefore may not be likely to “doze” in the
other situations queried on the ESS.

In addition to the main analyses, we examined several poten-
tial covariates. We found that there were no differences
between patients referred for evaluation of SDB and those
referred specifically for hypersomnia in abnormal scores on the
MSLT-SOL or on the ESS. This suggests that clinical evalua-
tion of sleepiness may be indicated not only in patients for
whom that is their primary complaint but also for patients pre-
senting with other clinical conditions. While the AHI was corre-
lated with daytime TST and sleep percentage assessed via
actigraphy, AHI was not correlated with self-reported (ESS) or
objective (MSLT-SOL) sleepiness, nighttime actigraphy sleep
percentage, or nighttime TST assessed by either actigraphy or
sleep diary. Thus, SDB status emerged as a possibly relevant
covariate in this sample with regard to sleep-wake assessment
as measured by actigraphy. However, as stated above, there are
caveats to the interpretation of daytime actigraphy regarding
the possibility of overestimation of daytime sleep. A higher
PHQ-9 was associated with greater nighttime and daytime total
sleep assessed by actigraphy. It is possible that individuals with
elevated symptoms of depression may experience hypersomnia
or may spend more time in sedentary positions, resulting in
exaggerated sleep time as estimated by wrist actigraphy; there-
fore, depressive symptomology and associated sleep and behav-
ioral patterns may be relevant in the assessment of disorders of
hypersomnolence.

The findings from this study suggest that actigraphy does not
appear to be a viable replacement for mean MSLT-SOL in
terms of estimating objective daytime sleepiness; however,
actigraphy may be useful in estimating nighttime sleep time
prior to an MSLT. Future studies will be needed to develop
technologies and approaches to quantify sleepiness that are
cost-effective and valid in clinical populations.

Methodological considerations
These data are presented with caveats regarding limitations of
our findings. Due to the pilot nature of the study and our rela-
tively small sample, any conclusions about these results should
be considered tentative, pending further confirmation. We used
a more generous P value of .20 as recommended for pilot stud-
ies,31 lessening the risk of type II error (in other words, greater
power to detect possible associations or reducing “false neg-
atives”) but increasing the risk of type I error (a “false pos-
itive”).36 As with any study, we would emphasize that a failure
to reject the null hypothesis does not provide evidence for the
null hypothesis, and the difference between P values alone in
independently conducted correlations, such as for the correla-
tions between mean MSLT-SOL and TST assessed by either
sleep diary (P < .05) or actigraphy (P < .20), does not ade-
quately convey which of these measures is a better predictor of
MSLT-SOL. Given the greater risk of type I error in this study,
the findings should be replicated before they are applied to clin-
ical practice, ideally by using a noninferiority approach, which
is powered to permit conclusions that associations among varia-
bles are smaller than a prespecified threshold.

In addition to statistical caveats, there are also limitations to
the interpretation of the study results with regard to our study
sample. Two-thirds of participants identified as “non-Hispanic
White,” making it difficult to consider race/ethnicity or cultural
factors that may influence perceptions of sleep and sleepiness.
To enhance recruitment, we did not require patients who had
recently completed an in-laboratory study as part of their clini-
cal evaluation to repeat the PSG on the night prior to the MSLT
in order to reduce participant burden, and there is some debate
about whether the sleep disruption during an in-laboratory PSG
might lead to sleep duration that is actually shorter than the
sleep the individual would have obtained in their home sleep
environment the night before the test. However, in our sample,
there was no association between PSG on the night prior to
MSLT and abnormal MSLT-SOL or excessive self-reported
sleepiness on the day of the MSLT. This suggests that actigra-
phy and sleep diary the week prior to the MSLT may be an
alternative to conducting a PSG the night prior to the MSLT
when a PSG has been performed previously. Of the individuals
in the study who demonstrated an AHI ≥ 5 events/h, we do not
have access to treatment adherence data.

Additionally, our sample endorsed a history of comorbid
mood and anxiety disorders on a self-report comorbidity scale.
As we did not conduct a clinician-administered diagnostic
assessment and given the bidirectionality between sleep and
psychiatric symptoms, it is difficult to disentangle the potential
influence of psychiatric symptoms on sleep measures. Future
studies should more thoroughly evaluate the effects of covari-
ates that are associated with daytime sleepiness, such as comor-
bid sleep disorder and psychiatric symptoms, on diagnostic
outcomes in the assessment of disorders of hypersomnolence.

Implications
Our preliminary findings support the use of either sleep diary or
actigraphy to determine TST in the week leading up to an
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MSLT, and do not support the use of actigraphy as a diagnostic
tool for daytime sleepiness. Given the relationship between
prior week nighttime sleep and MSLT-SOL, further investiga-
tions into extending sleep time as a potential intervention to
reduce daytime sleepiness in clinical populations, including
patients not referred specifically for evaluation of hypersomnia
and SDB, are warranted and may be important prior to initiating
pharmacological treatments for sleepiness.
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AHI, apnea-hypopnea index
CTRC, UCLA Clinical Translational Research Center
ESS, Epworth Sleepiness Scale
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SDB, sleep-disordered breathing
SE, sleep efficiency
SOL, sleep-onset latency
TST, total sleep time
UCLA, University of California Los Angeles

REFERENCES

1. Lam AS, Collop NA, Bliwise DL, Dedhia RC. Validated measures of insomnia,
function, sleepiness, and nasal obstruction in a CPAP alternatives clinic
population. J Clin Sleep Med. 2017;13(8):949–957.

2. Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep. 1991;14(6):540–545.

3. Sharwood LN, Elkington J, Stevenson M, et al. Assessing sleepiness and sleep
disorders in Australian long-distance commercial vehicle drivers: self-report versus
an “at home” monitoring device. Sleep. 2012;35(4):469–475.

4. Blackwell T, Yaffe K, Ancoli-Israel S, et al; Osteoporotic Fractures in Men (MrOS)
Study Group. Association of sleep characteristics and cognition in older
community-dwelling men: the MrOS sleep study. Sleep. 2011;34(10):1347–1356.

5. Moller HJ, Devins GM, Shen J, Shapiro CM. Sleepiness is not the inverse of
alertness: evidence from four sleep disorder patient groups. Exp Brain Res. 2006;
173(2):258–266.

6. Shadish WR, Cook TD, Campbell DT. Experimental and Quasi-experimental
Designs for Generalized Causal Inference. Belmont, CA: Wadsworth Cengage
Learning; 2002.

7. Carskadon MA, Dement WC, Mitler MM, Roth T, Westbrook PR, Keenan S.
Guidelines for the multiple sleep latency test (MSLT): a standard measure of
sleepiness. Sleep. 1986;9(4):519–524.

8. American Academy of Sleep Medicine. International Classification of Sleep
Disorders. 3rd ed. Darien, IL: American Academy of Sleep Medicine; 2014.

9. Littner MR, Kushida C, Wise M, et al; Standards of Practice Committee of the
American Academy of Sleep Medicine. Practice parameters for clinical use of the
multiple sleep latency test and the maintenance of wakefulness test. Sleep. 2005;
28(1):113–121.

10. Huang YS, Guilleminault C, Lin CH, Chen CH, Chin WC, Chen TS. Multiple sleep
latency test in narcolepsy type 1 and narcolepsy type 2: a 5-year follow-up study.
J Sleep Res. 2018;27(5):e12700.

11. Lopez R, Doukkali A, Barateau L, et al. Test-retest reliability of the Multiple Sleep
Latency Test in central disorders of hypersomnolence. Sleep. 2017;40(12):zsx164.

12. Vgontzas AN, Zoumakis E, Bixler EO, et al. Adverse effects of modest sleep
restriction on sleepiness, performance, and inflammatory cytokines. J Clin
Endocrinol Metab. 2004;89(5):2119–2126.

13. Smith MT, McCrae CS, Cheung J, et al. Use of actigraphy for the evaluation of
sleep disorders and circadian rhythm sleep-wake disorders: an American
Academy of Sleep Medicine systematic review, meta-analysis, and GRADE
assessment. J Clin Sleep Med. 2018;14(7):1209–1230.

14. Byun JH, Kim KT, Moon HJ, Motamedi GK, Cho YW. The first night effect during
polysomnography, and patients’ estimates of sleep quality. Psychiatry Res. 2019;
274:27–29.

15. Banks S, Van Dongen HP, Maislin G, Dinges DF. Neurobehavioral dynamics
following chronic sleep restriction: dose-response effects of one night for recovery.
Sleep. 2010;33(8):1013–1026.

16. Auger RR, Varghese R, Silber MH, Slocumb NL. Total sleep time obtained from
actigraphy versus sleep logs in an academic sleep center and impact on further
sleep testing. Nat Sci Sleep. 2013;5:125–131.

17. Bradshaw DA, Yanagi MA, Pak ES, Peery TS, Ruff GA. Nightly sleep duration in
the 2-week period preceding multiple sleep latency testing. J Clin Sleep Med.
2007;3(6):613–619.

18. Ancoli-Israel S, Martin JL, Blackwell T, et al. The SBSM guide to actigraphy
monitoring: clinical and research applications. Behav Sleep Med. 2015;13
(Suppl 1):S4–S38.

19. Carney CE, Buysse DJ, Ancoli-Israel S, et al. The Consensus Sleep Diary:
standardizing prospective sleep self-monitoring. Sleep. 2012;35(2):287–302.

20. Selim A, Fincke G, Ren X, et al. The Comorbidity Index. In: Davies M, ed.
Measuring and Managing Health Care Quality. 2nd ed. New York: Aspen
Publishers; 2002: 91–94.

21. Selim AJ, Fincke G, Ren XS, et al. Comorbidity assessments based on patient
report: results from the Veterans Health Study. J Ambul Care Manage. 2004;27(3):
281–295.

22. Jenkinson C, Layte R, Jenkinson D, et al. A shorter form health survey: can the
SF-12 replicate results from the SF-36 in longitudinal studies? J Public Health
Med. 1997;19(2):179–186.

23. Kroenke K, Spitzer RL, Williams JB, L€owe B. The Patient Health Questionnaire
Somatic, Anxiety, and Depressive Symptom Scales: a systematic review. Gen
Hosp Psychiatry. 2010;32(4):345–359.

24. Montserrat JM, Ferrer M, Hernandez L, et al. Effectiveness of CPAP treatment in
daytime function in sleep apnea syndrome: a randomized controlled study with an
optimized placebo. Am J Respir Crit Care Med. 2001;164(4):608–613.

25. Monk TH. A Visual Analogue Scale technique to measure global vigor and affect.
Psychiatry Res. 1989;27(1):89–99.

26. Stein KD, Jacobsen PB, Blanchard CM, Thors C. Further validation of the
multidimensional fatigue symptom inventory-short form. J Pain Symptom Manage.
2004;27(1):14–23.

27. Berry RB, Budhiraja R, Gottlieb DJ, et al; Deliberations of the Sleep Apnea
Definitions Task Force of the American Academy of Sleep Medicine. Rules for
scoring respiratory events in sleep: update of the 2007 AASM Manual for the
Scoring of Sleep and Associated Events. J Clin Sleep Med. 2012;8(5):597–619.

28. Berry RB, Brooks R, Gamaldo CE, et al; for the American Academy of Sleep
Medicine. The AASM Manual for the Scoring of Sleep and Associated Events:
Rules, Terminology, and Technical Specifications. Version 2.0. Darien, IL:
American Academy of Sleep Medicine; 2012.

29. Bastien CH, Valli�eres A, Morin CM. Validation of the Insomnia Severity Index as
an outcome measure for insomnia research. Sleep Med. 2001;2(4):297–307.

30. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice and research.
Psychiatry Res. 1989;28(2):193–213.

31. Stallard N. Optimal sample sizes for phase II clinical trials and pilot studies. Stat
Med. 2012;31(11-12):1031–1042.

32. Short MA, Gradisar M, Lack LC, Wright H, Carskadon MA. The discrepancy
between actigraphic and sleep diary measures of sleep in adolescents. Sleep
Med. 2012;13(4):378–384.

33. Campanini MZ, Lopez-Garcia E, Rodr�ıguez-Artalejo F, Gonz�alez AD, Andrade SM,
Mesas AE. Agreement between sleep diary and actigraphy in a highly educated
Brazilian population. Sleep Med. 2017;35:27–34.

MR Kelly, MR Zeidler, S DeCruz, et al. Actigraphy prior to MSLT

Journal of Clinical Sleep Medicine, Vol. 18, No. 1 169 January 1, 2022

D
ow

nl
oa

de
d 

fr
om

 jc
sm

.a
as

m
.o

rg
 b

y 
K

ir
st

en
 T

ay
lo

r 
on

 F
eb

ru
ar

y 
9,

 2
02

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
C

op
yr

ig
ht

 2
02

2 
A

m
er

ic
an

 A
ca

de
m

y 
of

 S
le

ep
 M

ed
ic

in
e.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



34. Kanady JC, Drummond SP, Mednick SC. Actigraphic assessment of a
polysomnographic-recorded nap: a validation study. J Sleep Res. 2011;20(1 Pt 2):
214–222.

35. Cellini N, Buman MP, McDevitt EA, Ricker AA, Mednick SC. Direct comparison of
two actigraphy devices with polysomnographically recorded naps in healthy young
adults. Chronobiol Int. 2013;30(5):691–698.

36. Moore CG, Carter RE, Nietert PJ, Stewart PW. Recommendations for planning pilot
studies in clinical and translational research. Clin Transl Sci. 2011;4(5):332–337.

ACKNOWLEDGMENTS

The authors thank Claudia Perdomo, the UCLA Clinical Translational Research
Center (CTRC), and the study participants for their contributions to this research.
Author contributions: Kelly: analysis and interpretation of data; drafting the work or
revising it critically; final approval of the version submitted for publication. M.R.Z.:
conception and design; acquisition, analysis, and interpretation of data; drafting the
work or revising it critically; final approval of the version submitted for publication.
S.D.: acquisition and interpretation of data; drafting the work or revising it critically;
final approval of the version submitted for publication. C.L.O.: acquisition and
interpretation of data; drafting the work or revising it critically; final approval of the
version submitted for publication. K.R.J.: conception and design; acquisition,
analysis, and interpretation of data; drafting the work or revising it critically; final
approval of the version submitted for publication. M.N.M.: conception and design;
acquisition, analysis, and interpretation of data; drafting the work and revising it
critically; final approval of the version submitted for publication. M.L.: interpretation
of data; drafting the work and revising it critically; final approval of the version
submitted for publication. S.A.-I.: interpretation of data; drafting the work and
revising it critically; final approval of the version submitted for publication. M.S.B.:
interpretation of data; drafting the work and revising it critically; final approval of the
version submitted for publication. C.A.A.: conception and design; analysis and

interpretation of data; drafting the work or revising it critically; final approval of the
version submitted for publication. J.L.M.: conception and design; acquisition,
analysis, and interpretation of data; drafting the work or revising it critically; final
approval of the version submitted for publication.

SUBMISSION & CORRESPONDENCE INFORMATION

Submitted for publication January 28, 2021
Submitted in final revised form June 25, 2021
Accepted for publication June 25, 2021
Address correspondence to: Jennifer L. Martin, PhD, VA Sepulveda Ambulatory Care
Center, 16111 Plummer Street (11E), North Hills, CA 91343; Email: Jennifer.Martin@
VA.gov

DISCLOSURE STATEMENT

All authors have seen and approved the manuscript and have agreed to be
accountable for all aspects of the work. Work for this study was performed at VA
Sepulveda Ambulatory Care Center, North Hills, California. This study was funded
by the American Academy of Sleep Medicine Foundation Strategic Research Award
#107-SR-13 (principal investigator: Martin); Dr. Martin was supported by a VA
Health Services Research and Development Service (HSR&D) Service Research
Career Scientist Award (#RCS 20-191) and the National Institutes of Health/
National Heart, Lung, and Blood Institute with a research mentoring award (K24
HL143055). Dr. Kelly was supported by the VA Office of Academic Affiliations
through the Advanced Fellowship Program in Advanced Geriatrics. This was not an
industry-supported study. The views expressed are those of the authors and do not
represent the views of the Department of Veterans Affairs or the US government.
The authors report no conflicts of interest.

MR Kelly, MR Zeidler, S DeCruz, et al. Actigraphy prior to MSLT

Journal of Clinical Sleep Medicine, Vol. 18, No. 1 170 January 1, 2022

D
ow

nl
oa

de
d 

fr
om

 jc
sm

.a
as

m
.o

rg
 b

y 
K

ir
st

en
 T

ay
lo

r 
on

 F
eb

ru
ar

y 
9,

 2
02

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
C

op
yr

ig
ht

 2
02

2 
A

m
er

ic
an

 A
ca

de
m

y 
of

 S
le

ep
 M

ed
ic

in
e.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 


	TF1
	TF2
	TF3
	TF4

