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1.0 INTRODUCTION

ness and to assess the database of evidence for the clinical use of
the MSLT and MWT.

EXCESSIVE SLEEPINESS IS DEFINED AS SLEEPINESS
OCCURRING IN A SITUATION WHEN AN INDIVIDUAL
WOULD BE EXPECTED TO BE AWAKE AND ALERT. It is a
chronic problem for about 5% of the general population,1, 2 and it
is the most common complaint evaluated by sleep disorder centers.1, 3 The most common causes of sleepiness include partial
sleep deprivation, fragmented sleep and medication effects.
Sleepiness is also associated with sleep disorders such as sleep
apnea4 and narcolepsy5 as well as some medical and psychiatric
disorders.6, 7 Excessive sleepiness and impaired alertness during
wakefulness have been associated with increased morbidity for
the individual and may threaten the safety of others as well.8, 9
The assessment of sleepiness is an important part of the evaluation and management of the sleep disorders patient. Historically,
the Multiple Sleep Latency Test (MSLT)10 and the Maintenance
of Wakefulness Test (MWT)11 have been the primary objective
tests used for the measurement of sleepiness and alertness,
respectively. Results of these tests are used to help diagnose sleep
disorders, evaluate treatment and to support recommendations to
the patient on the advisability of driving or performing other
daily activities. The tests have also been recommended by regulatory agencies to support a decision to return a sleep disorders
patient to service in a safety-sensitive position after treatment.
This decision, and the measurements used to make it, may critically affect both public safety and the career of the patient. Thus,
it is extremely important that evidence-based data are examined
to determine the usefulness and limitations of these tests. The
current review provides an examination of sleep latency data
reported in the peer-reviewed literature.
Guidelines for the use of the MSLT were initially established
in 1992 based on consensus.12 Since then, the body of scientific
literature using the MSLT and MWT has grown substantially.
Consequently, this review was requested by the Standards of
Practice Committee of the American Academy of Sleep Medicine
(AASM). All authors completed AASM conflict of interest statements and were not found to have any significant conflicts with
regard to the topics discussed in this review. The objectives of
this paper are to review unique issues related to measuring sleepi-

2.0 BACKGROUND
2.1 History of the Development of MSLT and MWT
Initially, definitions involving sleep onset were based on
behavioral observations that often depended on features such as
lack of movement, unresponsiveness, snoring, etc. After the
development of the electroencephalogram (EEG), it became clear
that the sleep state was associated with changes in the EEG that
distinguished it from wakefulness.13-15 A system for describing
sleep architecture based on EEG changes was developed by
Rechtschaffen and Kales.16 This system made possible the quantification of sleep stages and the measurement of sleep latency,
the time from lights out to the onset of EEG-measured sleep.
During the formalization of sleep disorders medicine, interest
focused on the assessment of sleepiness. The Stanford Sleepiness
Scale (SSS), a subjective report of sleepiness, initially provided
an inexpensive and easy to administer tool.17 However, other
research at this time examined sleep and wakefulness on a 90min day and provided the basis for the development of an objective test, the MSLT.18-20 The 90-min day paradigm placed college
students, who typically slept 7.5 - 8 hours per night, on a schedule alternating 60 min of wakefulness with 30 min of sleep. Each
sleep opportunity was preceded and followed by the SSS. The
correlation between the sleep latency and the SSS led to the idea
that repeated measures of sleep latency throughout the day could
provide an objective and reproducible measure of sleepiness.10
The MSLT procedure was formalized in 1977 to measure
sleepiness in young normal subjects involved in sleep deprivation experiments.21, 22 Six volunteers (age 18 - 21) underwent two
nights of total sleep deprivation. They were put in bed every two
hours during the wake period and told to try to fall asleep. Each
test was terminated after 20 minutes if the subject did not fall
asleep. If sleep occurred, the subject was awakened after one
minute of stage 1 and the nap terminated to prevent accumulation
of sleep during the sleep deprivation procedure. Sleep latency
was measured from lights out to the first minute of stage 1.
Significant correlations between the degree of deprivation and
sleep latency gave face validity to using sleep latency as a biologically based measure of sleepiness.
Concern about the reliability of the SSS in patient groups
quickly led to the use of the MSLT procedure in narcolepsy
patients with an alteration in format that permitted 10 min of
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sleep.23, 24 The frequent occurrence of REM sleep in narcolepsy
patients during the MSLT suggested a relationship between sleep
onset REM periods (SOREMPs) and narcolepsy.25, 26 The perceived usefulness of the MSLT quickly expanded to include evaluation of various sleep disorders27, 28 effects of treatment,4, 29 and
effects of hypnotic medications.30
The use of the MSLT for clinical and research purposes led to
the development of standardized MSLT protocols.31 Separate
clinical and research protocols were established. The research
protocol was designed to limit the amount of sleep that a subject
is permitted by terminating each MSLT nap after some pre-specified criterion for sleep onset has been met. The clinical version
of the MSLT was designed to allow each MSLT nap to progress
to a pre-specified termination time (15 min after sleep onset) in
order to permit an opportunity for REM sleep to emerge. This
“permit to sleep” feature is a key in the clinical use of the MSLT
and figures importantly in the differential diagnosis of conditions
associated with the symptom of excessive sleepiness, including
narcolepsy.

MSLT did not appear to change as much as might be suggested
by the self reports. It was suspected that the MSLT did not have
sensitivity at the most severe levels of sleepiness to detect clinically significant differences in this range. For extremely sleepy
individuals, doubling or tripling the very short sleep latencies on
the MSLT did not reflect clinical differences. This may have represented a floor effect in the MSLT, which limited its usefulness
in discriminating between the sleepiest individuals or detecting
changes within these individuals. The MSLT was also criticized
for a ceiling effect imposed by the 20-minute nap limit that
reduced the usefulness of the MSLT to discriminate between or
within the more alert individuals. Additional criticism focused on
the setting of the MSLT, including laboratory environment and
optimal sleep conditions, as not representative of workplace conditions where sleep tendency might be very different.
In response to some of these criticisms, the MWT was developed in 1982 as an alternative to provide an assessment of ability
to stay awake. The MWT procedure required the subject to sit up
in a chair in a quiet and dimly lit room with instructions to stay
awake. Vocalizations and movements were not allowed. Four or
five trials were given beginning 1.5 to 3 hours after awakening
and recurring every two hours thereafter. Each trial was terminated after 20 minutes if no sleep occurred or immediately after sleep
onset. It was reasoned that instructing patients to stay awake
rather than to allow themselves to fall asleep was a more accurate
reflection of their ability to function and maintain alertness in
common situations of inactivity. Subsequent studies demonstrated
significant pre- and post- treatment differences in initial sleep
latencies on the MWT in patients with excessive somnolence.39

2.2 What Does The MSLT Measure?
The MSLT is thought to measure physiological sleep tendency
in the absence of alerting factors.10 It is based on the assumption
that physiological sleepiness decreases sleep latency. That is, the
tendency to fall asleep should increase as physiological sleepiness increases.
Accurate measurement of physiological sleep tendency using
the MSLT requires the absence of alerting factors that contribute
to “manifest sleep tendency.” Manifest sleep tendency is influenced by a host of continuously changing environmental and
internal factors, such as temperature, light, noise, activity, and
motivation. Seldom are manifest and physiological sleep tendency equal. However, as the alerting factors are removed, manifest
sleep tendency approaches physiological sleepiness.
It has recently been suggested that sleep latency is also a measure of one’s ability to transition into sleep. This characteristic
has been referred to as “sleepability”.32, 33 Young adults with normal alertness and mean sleep latency (MSL) values in the 6-8
minute range even after two weeks with time in bed increased to
10 hours have previously been identified as having “high sleepability without sleepiness”.33 Several studies have documented
that patients with psychophysiological insomnia, who have
decreased sleep at night, actually have MSL values that are significantly longer (“low sleepability”) than those of matched control subjects.34-36 Additionally, a significant negative correlation
has been reported between total sleep time at night and MSL values on the following day.34-36 The finding that shorter prior sleep
time is associated with longer MSLT latencies is the opposite of
what would be expected if the MSLT were only sensitive to prior
total sleep. Additionally, studies have shown that MSL is sensitive to both state and trait levels of central nervous system
arousal.37

2.4 What Does The MWT Measure?
The MWT measures the ability to stay awake under soporific
conditions for a defined period of time.11 It is based on the
assumption that the volitional ability to stay awake is more
important to know in some instances than the tendency to fall
asleep. Since there is no direct biological measure of wakefulness
available, this same phenomenon is calibrated indirectly by the
inability or delayed tendency to fall asleep, as measured by the
same EEG-derived initial sleep latency employed in the MSLT.
In a large study of patients with sleep disorders, MWT sleep
latencies were found to have a low but statistically significant
correlation with the MSL on the MSLT.40 The low correlation
may reflect the combination of underlying sleepiness and motivational arousal present in the MWT.
2.5 What Factors Influence The MSLT and MWT?
The MSLT and MWT are affected by physiological, psychological and test protocol variables. Physiological factors that have
been shown to affect MSL include: age,41-43circadian
rhythms,44previous sleep quantity,45, 46various drugs,30, 47-54 sleep
structure and its disruption secondary to sleep and medical disorders.28, 55-60 In general, these studies have shown that MSL
decreases following sleep deprivation,45 after hypnotic ingestion,30, 49, 51 after barbiturate ingestion,54 and with sleep disruption
or fragmentation.28, 55-57, 59, 60 MSL is increased following ingestion of stimulants.47, 52, 53, 61 Age differences in MSLT means have
been reported among pediatric,41 adolescent,62 and adult populations,43, 56 with prepubescent children having the longest latencies

2.3 Maintenance of Wakefulness Test (MWT)
As experience with the MSLT grew, its use was expanded to
attempt to objectively confirm reports of clinical improvement in
patients after various interventions.38 However, in severely
sleepy patients, the numeric changes in the sleep latencies on the
SLEEP, Vol. 28, No. 1, 2005
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and young adults having the shortest latencies. For shift workers
and late sleepers, the timing of the MSLT is an important issue
since the individual’s circadian phase could affect sleep latencies
and the occurrence of sleep onset REM periods.44
Sleep tendency can be affected by psychological factors
including anxiety or tension34, 63-65 and depression,66, 67 common
co-morbidities in sleep disorder patients. Anxiety and stress can
prolong sleep latency63, 64 whereas depression may shorten the
sleep latency in some patients.66, 67 For all individuals, the anticipation of going home can lengthen sleep latency or preclude
sleep on the last nap trial as demonstrated by the control data analyzed in this paper. Sleep latency measures may also be modulated by internal factors such as psychophysiological arousal.59, 68
Several studies have shown that patients with psychophysiological insomnia have longer latencies on the MSLT.34-36 These
longer latencies have been attributed to increased central nervous
system arousal.34, 36, 55, 64
The results of the MSLT and MWT can also be sensitive to variations in the testing protocols. In general, a basement effect in the
MSLT and a ceiling effect in the MWT can limit discrimination of
the sleepiest and most alert individuals, respectively. Additionally,
the MSL can be increased by activity prior to testing37, 69 caffeine
use,63 age,43 and instructions.29 Analysis of the normative data in
this review also showed a significant effect of a 4 versus 5 nap
protocol, prior nocturnal sleep quantity, and the definition of sleep
latency used in calculating the MSL. In contrast, the current data
analysis also shows that the MSL is not affected by administration
of placebo. There is no significant difference between the clinical
or research version of the MSLT on the resulting MSL.

variables including test-retest, number of naps, SOREMPs and
scoring. The test-retest reliability of the MSLT has been examined using a four nap MSLT and reported a high test-retest reliability of 0.97 in normal healthy subjects on consistent sleep-wake
schedules over a period of 4-14 months.78 This reliability was not
affected by the retest interval (< 6 months vs. > 6 months) or the
amount of sleepiness (MSL < 5 minutes vs. MSL > 15 minutes).
However, reliability was affected by the number of latency tests,
decreasing to 0.85 for three tests and 0.65 for two tests. In
patients with insomnia, the test-retest correlation on a five nap
MSLT over a period of 3-90 weeks was 0.65.79 One study examining test-retest reliability of SOREMPs in patients with narcolepsy found that 28 out of 30 patients had two or more
SOREMPs on retest for a correlation of 0.93.80 Scoring reliability of the clinical MSLT has also been shown to be quite high in a
clinical population.81, 82 Reported interrater reliability for MSL
ranges from r = 0.85 - 0.90. Intrarater reliability for MSL was
reported to be 0.87.81 Evaluation of the presence of REM onsets
during the MSLT showed an interrater agreement for more than
one REM onset of 0.91 and 0.78 for intrarater agreement.81
2.8 Normative and Control Data Issues
It is important clinically to know the normative range of
MSL values in order to distinguish those who are sleepy from
those who are alert. Three studies have examined this issue in
the MSLT. A study of 176 normal sleepers, including 129
young subjects (age 18-29) and 29 older subjects (age 30-80)
reported a MSL of 11.1 in young subjects and 12.5 in older
subjects.43 Standard deviations (SDs) were not reported for the
groups. Subsequently, this group data was reanalyzed and
included in a comparative study where an overall MSL and SD
of 11.5+5.1 minutes was estimated for the combined age
groups.83 The data as presented only allowed an estimate of the
SD. One small database reported a median sleep latency value
of 11.4 + 4.6 minutes in 35 elderly patients84 and another
reported a MSL of 11.1 + 4.6 minutes in 31 normal sleepers.85
Consequently, there is no large systematically collected repository of normative MSLT data.
For the purposes of this review, an attempt was made to assemble a surrogate database of MSL values for the MSLT and MWT
from the literature searches. “Control” data were identified from
subjects who did not have pathology and/or who did not receive
intervention. Unfortunately, in many studies prior sleep times,
sleep quality, and caffeine use were not always clearly defined or
used as criteria for entry into the study. Thus, these data essentially represent an actuarial database of individuals who may not
have optimal sleep habits or sleep quality, but probably represent
a valid contemporaneous normative group for comparison to
experimental groups. Additionally, since MSLT/MWT methodologies were not always specifically described, variations outlined in 2.5 might have existed. Consequently, these subjects’
data likely only approximate that of a large well-controlled systematic normative study.

2.6 Validity Data
The MSLT is considered the de facto standard for the measurement of sleepiness, since there is no other known biological
measurement that directly reflects this clinical phenomenon.
Consequently, evaluating the validity of the MSLT was complicated and required some unique approaches.
The MSLT is basically a formalized procedure for measuring
sleep latency, so its validity is intrinsically related to the validity
of the initial sleep latency as a measure of sleepiness. As stated in
section 2.1 above, early studies correlated serial reports of sleepiness at individual naps with the MSL.20 The MSL was also found
to vary predictably with the amount of prior total sleep time.45
Additionally, indirect studies with pharmacologic agents known
to be soporific or stimulating produced expected changes in initial sleep latency.70-72 Therefore, employing both convergent and
divergent approaches, the MSL has face-value validity as a quantification of sleepiness, since it correlates with subjective reports,
varies with prior total sleep time and reflects the sedating and
alerting effects of medications.
In addition, the MSL appears to be sensitive to various forms
of impaired sleep quality ranging from experimental sleep fragmentation21, 46, 60 to clinical disorders of breathing such as apnea
-in the untreated and treated states.73-77 Thus, the MSL in the
MSLT (and MWT) appears to be a marker for sleep quantity and
quality and to have validity based on decades of reports.

2.9 Assessing Test Performance
Since the MSLT is the de facto standard, a problem arose in
assessing its performance in the literature, especially regarding
the diagnosis of narcolepsy. This involved the frequent tendency

2.7 Reliability Data
Reliability of the MSLT has been investigated for a number of
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of investigators to require a certain level of sleepiness (MSL) or
REM pressure (as defined by the number of REM onsets in the
MSLT) in order for individuals to gain entry in various studies.
This introduced the presence of “incorporation bias” where the
very parameters being tested were used as screening criteria
(which can falsely elevate the sensitivity of the test). This bias
precluded use of the data from subjects selected in this way.
Thus, the Task Force discarded citations that included this
methodology and used only those studies in which the clinical
report of sleepiness or the tetrad of symptoms in narcolepsy was
provided as the standard against which MSLT results were compared. Some classical measures of the performance of the MSLT
in certain conditions were then possible and are reported in 6.4.
Sensitivity and specificity for the MSLT and MWT have been
previously reported in patients diagnosed with narcolepsy.83
MSLT, MWT and Epworth Sleepiness Scale (ESS) data were
analyzed from a study of 530 narcolepsy patients.86 All narcolepsy patients had to meet selection criteria that included a complaint of EDS, MSLT sleep latency criteria, and SOREMP
requirements, although the latter were not strictly adhered to. The
data were analyzed with that of normal subjects reported in other
studies.43, 87, 88 The MSL on MSLT had a sensitivity of 80.9% and
specificity of 89.8% with a cut-off of <5 minutes. At a cutoff of
< 8 minutes the sensitivity was 94.5% with a specificity of
73.3%. The MSL on the MWT had a sensitivity of 84% and a
specificity of 98% using a cutoff of < 12 minutes. The ESS had a
sensitivity of 93.5% and specificity of 100% with a cut-off score
>10. Although the MSLT data from the narcolepsy patients clearly includes the type of incorporation bias described above, the
data from the ESS, a subjective sleepiness scale, also raises concerns about incorporation bias since the narcolepsy patients were
required to have a (subjective) complaint of EDS.
Sensitivity and specificity have also been reported for two or
more SOREMPs in the diagnosis of narcolepsy.89 In a 1993 study,
entry criteria for narcolepsy subjects required a MSL of < 8 minutes on the MSLT. It was reported that more than one SOREMP
during the MSLT had a sensitivity of 78.5% and specificity of
62% if cataplexy was also required to be present for diagnosis. It
was also reported that a history of cataplexy had a sensitivity of
71.5% and a specificity of 66% when more than one SOREMP
was also required on the MSLT.
The approach used in the present review of the literature was
directed at avoiding the type of inclusion bias described in the
assessment of test performance. In the calculation of sensitivity
and specificity values for MSL, all data was excluded that set MSL
criteria for entry into the study. Also, sensitivity and specificity
data on SOREMPs in narcolepsy and non-narcolepsy groups was
excluded if SOREMP prerequisites were used for study entry.

C5 was assigned to all articles since the design of the studies was
unrelated to the normal control data obtained.
4.0 OTHER TESTS OF SLEEPINESS
A variety of subjective tests have also been developed to measure sleepiness. The SSS and ESS are the most common subjective tests of sleepiness. The SSS was introduced in 1972 and consists of a checklist of adjectives that are used to describe the subject’s sleepiness at that moment.17 However, its reliability in
chronically sleepy patients is uncertain.4, 38 The ESS is the most
commonly used subjective test for the assessment of sleepiness.
It was first described in 1991 and requires rating the tendency to
fall asleep in eight common situations.91 Subjective tests are
thought to be particularly sensitive to extraneous factors such as
motivation, recall bias, education level, and fatigue rather than
simply the propensity to fall asleep.
The relationship between objective and subjective methods of
sleepiness assessment is not clear. Correlations between scores
on the SSS and the mean MSLT latency have been found to be
low, whereas moderate but statistically significant correlations
were reported between ESS and mean MSLT latency.91-93 The
variability and inconsistency has been attributed to measuring
different aspects of sleepiness, measurements being affected by
the test process and measuring sleepiness using different timeframes. It is beyond the planned scope of this paper to systematically compare objective and subjective tests for sleepiness.
5.0 METHODS
An evidence-based approach to defining and assessing the
body of literature was used for this review and is outlined below.
5.1 Literature Searches
An initial Medline search for articles on the MSLT and MWT
was performed on January 7, 2000. The following string of search
terms was used: Multiple Sleep Latency Test or MSLT or
Maintenance of Wakefulness or MWT or hypersomnia or hypersomnolence or daytime alertness, daytime sleepiness or daytime
wakefulness or daytime somnolence. The search was limited to
human research and only to articles published in English, French
or Japanese. This generated a total of 3,162 references. There were
2,864 in English, 199 in French and 99 in Japanese. Similar searches on Psych Lit and Carl UnCover databases revealed no additional articles. An initial screening excluded the following: publications prior to 1976, articles in non-peer reviewed journals and book
chapters. This resulted in 2195 potentially relevant articles.
All articles were screened based on title and English language
abstract, if provided, to select studies that employed the MSLT or
MWT. The inclusion criteria were: publication in peer-reviewed
journal and use of the MSLT or MWT. The exclusion criteria
included: abstracts, reviews, theoretical papers, editorials, case
studies, drug studies and HLA studies. Studies using narcolepsy
patients who were required to have SOREMPs on a previous MSLT
were also excluded. Studies where the results of the MSLT were not
given were also excluded. This resulted in a total of 495 potentially
relevant articles. A second screening of the titles and abstracts not
selected was performed by two other reviewers and an additional
150 papers were added to the potentially relevant list of articles for
a total of 645 (495+ 150) papers for subsequent review.

3.0 EVIDENCE GRADING
Grading the papers that were accepted as evidence presented
another problem for the task force. There were very few citations
that explicitly examined the diagnostic utility of the MSLT/MWT
per se using classical parameters such as sensitivity, specificity,
and predictive values for various diagnoses. Moreover, published
guidelines for assessment of diagnostic tests are still evolving
and systems had to be adapted for this purpose.90 The Task Force
applied a grade based on the original purpose of the study for all
topics except normative data. For the normative data, a grade of
SLEEP, Vol. 28, No. 1, 2005
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On October 18, 2000, an additional Medline search was done
to update the initial one using the same terms and conditions for
the time period 1999-2000. This resulted in an additional 122
new citations. Review of these titles and abstracts, using the same
inclusion and exclusion criteria as above, resulted in an additional 28 potentially relevant articles for a total of 673 (645+28).
“Pearling”, the process of manually scanning bibliography lists
from manuscripts captured on the searches for additional relevant
references not detected by Medline, netted an additional 15 citations. This resulted in a total of 688 (673+15) references.
On August 28, 2002, another Medline search was performed
using the same terms and conditions for the time period 20002002. This resulted in 434 citations being identified. Using the
same exclusion-inclusion criteria, 34 potentially relevant articles
were identified for a total of (688 + 34) 722 references.
On October 9, 2003, a final Medline search was performed
using the same terms and conditions for the time period 20023003. This resulted in 56 citations being identified. Using the
same exclusion-inclusion criteria, 56 potentially relevant articles
were identified for a total of (722+56) 778 references.
The titles and abstracts of the 778 papers were each screened
by two reviewers to select those with adequately described data
relevant to one of eight topics. Two topics were randomly
assigned to each reviewer. Inclusion criteria were: study appropriate to topic, test means and SD or standard error of the means
(SEM) provided. Exclusion criteria included non-standard test
procedure. If there was not enough information in the title and
abstract to make a determination, the article was obtained and
examined in more detail to determine acceptability. The topics
and numbers of references (in parentheses) identified in each
group for further review included:
1) number of sleep-onset of rapid eye movement periods
(SOREMPs) in narcolepsy (28)
2) sleep latency mean on MSLT in narcolepsy (40)
3) sleep latency mean on MSLT or MWT in idiopathic hypersomnia (13)
4) sleep latency mean on MSLT or MWT pre- and post-treatment of obstructive sleep apnea (OSA), periodic limb
movement disorder (PLMD), insomnia and restless legs
syndrome (RLS) (106)
5) sleep latency mean on MSLT or MWT in medical and neurological conditions (45)
6) sleep latency mean on MSLT or MWT on safety (33)
7) MSLT or MWT in pre- and post-drug treatment (74)

tion of sleep latency, MSLT/MWT methodology, means and SD
or SEM by groups, biases and conclusions. A separate data sheet
was developed for the sleep onset REM periods (SOREMP) and
sleep latency data in narcolepsy that included the above information along with diagnostic criteria and number of SOREMPS.
For the first two topics, SOREMP and sleep latency in narcolepsy, the articles were randomly assigned to all reviewers to provide
training in extraction of data. The extraction data were discussed
among reviewers and discrepancies resolved. For the remaining
topics, two reviewers, including one different from the previous
reviewers for that topic, were assigned. Due to the size of the reference file only two individuals reviewed the pre- and post-drug
topic. All discrepancies were resolved between reviewers or by a
third reviewer and the data were entered into the evidence tables.
For the topic of narcolepsy, an attempt was made to include
MSLT data only from patients whose diagnosis was clinically
based rather than dependent on MSLT results. However, the
requirement of a predominantly clinical diagnosis of narcolepsy
was complicated. If “ASDA” or “ICSD” diagnostic criteria were
cited, there was ambiguity as to whether the MSL was necessary
or not for selection of cases. In these instances, papers were
selected if diagnoses were apparently based upon clinical manifestations and, especially, if cataplexy was present. The 1979
ASDA nosology does not set MSL but only sleep onset REM
periods (SOREMPs) as diagnostic features of the MSLT in narcolepsy.94 The 1990 ICSD includes “mean sleep latency of less
than five minutes” as one of four polysomnographic (PSG) features that would meet diagnostic criteria,95 but the presence of
cataplexy obviates the need for a PSG component.
From the original Medline literature search for the topic of
MSLT, 130 articles were selected for review under the topic of
narcolepsy. Articles were eliminated from consideration if sample sizes were less than five subjects, if mean and standard deviation were not reported, and if MSL data were clearly indicated
as inclusion criteria for the diagnosis of narcolepsy in the study.
Data from drug studies were not considered.
Forty articles were reviewed and extracted independently by
two reviewers for the topic of mean sleep latency on the MSLT
in narcolepsy. Inclusion criteria were: narcolepsy patients diagnosed based on predominantly clinical criteria, use of standard
MSLT methodology, sleep latency data with means and SD or
SEM. Exclusion criteria were: case studies, drug studies, pediatric patients, studies using the same data from previously cited
publications, diagnosis or diagnostic criteria which were unclear
or diagnosis that was based on sleep latency. Applying these criteria, 13 articles reported mean sleep latency data for narcolepsy
in cases where diagnostic criteria were predominantly clinical
and the data were entered into the evidence table.
Full-length articles from the 28 previously selected titles for
SOREMPs in narcolepsy were reviewed and extracted independently by two reviewers. Inclusion criteria were all of the following: clinically diagnosed narcolepsy patients, five or more
narcolepsy patients, MSL and SD or SEM, standard MSLT
methodology, number of SOREMPs for narcolepsy patients.
Exclusion criteria were all of the following: case studies, drug
studies, studies using the same data from previously cited publications, pediatric patients, unclear diagnosis or diagnostic criteria, use of stimulant medications or if SOREMPs were used to
define narcolepsy patients. Discrepancies on worksheets were
resolved by a third reviewer. This process resulted in ten articles

The pre- and post-drug treatment topic was added after all articles had been screened to exclude drug studies, so all 2,195 citations were again screened for this topic. Normative data was not
pre-selected but obtained from other articles when found.
5.2 Final Selection and Data Extraction
All papers for each topic had two reviewers with a third
reviewer to resolve differences. Only articles rejected by all
reviewers on a topic were eliminated from further consideration.
Full-length articles were obtained and examined for all selected
references in each topic.
Data extraction sheets were developed prior to review of the
articles. These included the following information: study design,
number and gender of subjects, subject selection criteria, definiSLEEP, Vol. 28, No. 1, 2005
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for analysis and inclusion in the evidence tables.
From the original Medline literature search for the topic of
MSLT, 13 articles were selected for review under the topic of
idiopathic hypersomnolence. Articles were eliminated from consideration if sample sizes were less than four subjects, if MSL
and SD data were not reported or if MSL data were clearly indicated as inclusion criteria for the diagnosis. Data from drug studies were not considered. This resulted in four articles being used
for analysis and inclusion in the evidence table.
The selection of articles for MSLT or MWT in pre- and postdrug exposure resulted from a review of the initial 2,195 references using the following search terms: modafinil, Ritalin, pemoline, caffeine, flurazepam, hypnotics, triazolam amphetamine,
benzodiazepines, antihistamine, and ethanol. In addition, articles
were selected from a reading of all titles and abstracts if they met
all of the following inclusion criteria: standard MSLT/MWT
methodology, performance of pre- and post-drug MSLT/MWT,
initial sleep latency data with means and SD or SEM, and clearly defined subject population. Articles were excluded if they met
any of the following criteria: non-standard MSLT/MWT
methodology, studies using the same data from other already
cited publications, sleep subjects using other medications, case
studies or less than five sleep subjects per group. This initially
resulted in 45 full-length articles being obtained for review and
extraction. However, due to the variety of drugs and dosages
used, it was determined that only the flurazepam (four articles),
caffeine (five articles) and modafinil (three articles) had an adequate number of subjects, using comparable dosages with MSLTs
during the day, to be selected for data analysis. Three studies of
modafinil used the MWT. Some articles included data for more
than one group, so this resulted in data from 13 studies being
entered into the evidence table.
Articles concerning the use of the MSLT/MWT in medical and
neurological disorders were reviewed and selected from the 45
previously screened references for this topic. Selected articles
were required to meet all of the following inclusion criteria: use
of standard MSLT/MWT methodology, initial sleep latency data
with means and SD or SEM and clearly defined patient population with a specific medical or neurological disorder. Articles
were excluded if they met any of the following criteria: less than
five sleep subjects per group, groups consisted of other family
members or there was no screening for underlying sleep pathology. This resulted in 18 articles meeting criteria. Only six articles
had control groups; the others provided only descriptive MSLT
data for a single diagnostic group. None of the articles were
judged useful for inclusion in the evidence tables.
Articles for data analysis concerning the use of the
MSLT/MWT in OSA, insomnia, RLS and PLMD were reviewed
and selected from the 106 previously screened references for this
topic. Selected articles were required to meet all of the following
inclusion criteria: initial sleep latency mean and SD or SEM,
standard MSLT/MWT methodology. Articles were excluded if
they met any of the following criteria: less than five sleep subjects per group or continuous positive airway pressure (CPAP)
testing after less than one week on CPAP. It was determined that
only OSA had adequate data for analysis. This resulted in 20 articles for data analysis and inclusion in the evidence tables.
Articles for data analysis concerning the indications for use of
the MSLT/MWT in safety were reviewed and selected from 33
previously screened references for this topic. Selected articles
SLEEP, Vol. 28, No. 1, 2005

were required to meet all of the following inclusion criteria: initial MSL and SD or SEM, and standard MSLT/MWT methodology. Articles were excluded if they met any of the following criteria: less than five sleep subjects per group, or graphed data was
unreadable. Safety-related themes included: accidents, incidents,
operational errors, performance, occupational issues, work hours
and scheduling, shift work, or time zone shifts. It was determined
that only two areas, driving or phase-shifted sleep (e.g., night
work) had enough studies that met the inclusion criteria. This
resulted in seven articles for inclusion in the evidence tables.
The selection of articles for normative data analysis was not
predetermined. As articles were reviewed, normative data were
taken from any article regardless of the topic if they met certain
criteria. Inclusion criteria required all of the following: random
sleep subject selection, a normal or control group of five or more
sleepers without sleep complaints, standard MSLT protocol or
standard MWT methodology, reported age, gender, initial MSL
and SD or SEM on MSLT/MWT, and healthy sleep subjects.
Normative-control data were excluded if they met any of the following criteria: subject selection criteria required a minimum initial MSL, sleep subjects using over-the-counter or prescription
medication, sleep pathology not screened, history of psychiatric
illness, irregular sleep habits, complaints about sleep, habitual
napper, excessive caffeine or nicotine use not screened. This
resulted in data from 33 articles for analysis including 29 articles
using the MSLT and seven articles using the MWT with some
studies using both tests.
As part of the normative data overview, 150 articles were
selected to examine methodological variability in the
MSLT/MWT. Selected articles were required to meet all of the
following inclusion criteria: MSL and SD or SEM, number of
subjects, ages of subjects, gender of subjects, and description of
subject recruitment. Articles were excluded if they used less than
five sleep subjects per group, or control subjects selection
required a minimum average MSLT or MWT initial sleep latency. This resulted in 77 articles for a general survey of methodological variability but only those used in the preceding analysis
of normative data were entered into the evidence table.
All extracted articles were assigned evidence levels adapted
from Sackett90 based on their original design and intent. For all
normative-control data, an evidence level of C5 was routinely
assigned, since the design or purpose of the study was irrelevant
for this data.
6.0 RESULTS
6.1 Evidence Tables
The evidence tables are presented in the appendix Tables I-VII
by topic. These can be accessed on the web at http://www.aasmnet.org.
6.2 Descriptive Summary of Each Evidence Table Topic
The evidence tables are divided by the seven topics evaluated and
only include articles meeting all selection criteria. The use of the
MSLT in the diagnosis of narcolepsy was reviewed for MSL and
number of SOREMPs in controls and clinically diagnosed narcolepsy patients. These data are included in Evidence Tables I and
II. MSL data using the MSLT were examined in patients diagnosed
clinically with idiopathic hypersomnia and are presented in
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Evidence Table III. Data on the MSL from MSLT or MWTs performed before and after treatment of OSA are presented in the OSA
pre- and post-treatment Evidence Table IV. The medical-neurological topic focused on MSLT and MWT findings in patient groups
diagnosed with any specific medical or neurological disorder. The
data were from very diverse groups and were not entered into an
evidence table. The safety topic focused on the MSL results from
shifted circadian periods as well as results from studies of simulated or actual automobile driving. Studies with data on shifted circadian periods are presented in Evidence Table V. The pre- and postdrug topic examined the MSL in the MSLT and MWT before and
after the administration of hypnotic (flurazepam) or stimulating
medication (caffeine or modafinil). Data from the three types of
drugs are grouped by drug class in Evidence Table VI. The normative data topic examined the MSL and SD in control data for the
MSLT and MWT. It also examined the effect of age and methodological differences on MSL including various sleep latency definitions, different protocols (clinical and research), nap termination
criteria, number of nap trials, and the effect of prior total sleep time.
This data are presented in Evidence Table VII. All MSL data are
presented in minutes with mean + SD unless specified otherwise.

aplexy was considered sufficient for a clinical diagnosis of narcolepsy. The data show that SOREMPs are very common in narcolepsy patients28, 68, 89, 100, 102-106 with the majority of narcolepsy
patients having more than two SOREMPs.24, 28, 103-106 The presence of SOREMPs was not linked to the presence of cataplexy.89,
105 SOREMPs did not occur exclusively in narcolepsy patients
but were found frequently in patients with OSA.102, 106 The number of SOREMPs was found to increase with decreasing MSL on
the MSLT.89, 106 Analysis of the articles with appropriate data
showed a sensitivity of 0.7824, 28, 68, 89, 102, 103, 105, 106 and a specificity of 0.9368, 102, 105, 106 for two or more SOREMPs for the diagnosis of narcolepsy. Sensitivity and specificity numbers were also
recalculated without data from the study by Aldrich105 due to the
fact that these measures do not respond well when large numbers
of comparison subjects meet criteria. The high false positives in
that study may be due to the fact that children were included (age
range 6 - 79) and a disproportionately large comparison group of
1,251 patients had sleep-related breathing disorders with 7%
demonstrating two or more SOREMPs. Without the Aldrich
paper the sensitivity was 0.79 and the specificity was 0.98 for two
or more SOREMPs for the diagnosis of narcolepsy.
One study that did not make inclusion criteria looked at
SOREMPs on the MWT in a small group of narcolepsy patients
and normal controls.11 The MWT protocol allowed ten minutes of
sleep if subjects (Ss) fell asleep while sitting up. Interestingly,
normal controls did not have any SOREMPs in the five trials
whereas narcolepsy patients had an average of 3.2+2 SOREMPs.
It should be noted, however, that the initial diagnosis of narcolepsy in these patients included MSLT criteria.

6.2.1 MSL in narcolepsy
Thirteen papers using the MSLT were used as evidence for
MSL in narcolepsy. These articles were judged to be reasonably
free of the inclusion bias of a MSL criterion for diagnosis. Four
of these articles included MSL data for a comparison group of
normal control subjects.23, 68, 96, 97 These papers included consideration of a total of 39 narcolepsy cases with weighted MSL of
3.0 ± 3.1. By comparison, weighted MSL for a total of 40 control
subjects was 10.5 ± 4.6. This difference is significant (p<.001).
Nine articles using the MSLT were judged to be reasonably
free of the inclusion bias of a MSL criterion but do not include
any normal subject control data.24, 28, 98-104 These papers include
255 patients with narcolepsy. The MSL was 3.1 ± 2.9.
From these data it appears that most patients with clinical narcolepsy have clear objective hypersomnolence with a MSL on the
MSLT of less than the traditional limit of five minutes. However,
using a five minute cut point, about 16% of narcolepsy patients
would have a MSL above this cutoff whereas about 16% of normal control subjects would fall below this cutoff.
The MWT was used in one large study of 530 narcolepsy
patients.86 This study used MSL criteria from the MSLT for
patient inclusion, but MWT data were not part of the patient
inclusion criteria. The MWT used a 20 minute protocol and a
sleep latency definition of three epochs of stage 1 or one epoch
of any other stage of sleep. Results of the 20-minute MWT
showed a MSL of 6.0 with a SD of 4.8 for patients with narcolepsy. Normal control data for a 20 minute MWT using the
same definition of sleep latency were found in a paper by
Doghramji.88 That paper reported a MSL of 18.7 + 2.6.

6.2.3 MSL in idiopathic hypersomnia
Four articles reported mean sleep latency data for idiopathic
hypersomnolence (IH) in cases where diagnostic criteria were not
entirely dependent upon MSL.28, 107-109 One paper reviewed a
large clinical database of hypersomnolence cases in which clinical diagnosis was emphasized and report that a diagnosis of IH
was assigned to only 1% of the cases resulting in a ratio of IH to
narcolepsy of 16:100.107 Additionally, one study distinguished
two types of IH.108 Polysymptomatic IH was defined as a long
nocturnal sleep requirement with difficulty awakening while
monosymptomatic IH involved excessive daytime sleepiness
alone. The MSL for each group was 10.4 ±5.2 and 7.8 ± 3.9,
respectively. Overall, these papers include a total of 92 cases with
a weighted MSL of 6.2 ± 3.0. This value appears to be intermediate between those for narcolepsy patients and those for normal
control subjects.
6.2.4 MSL in pre- and post- treatment of OSA
MSLT in OSA patients and normal controls
Two papers met inclusion criteria, but they seemed to include the
same OSA patients.75, 110 It is unclear if the normal controls in one
are a subset of the normal controls in the other. The normal control
MSL was 12.8 ± 4.1, and the OSA MSL was 7.2 + 6.0, which was
between 1 and 1.5 SD less than the normal control mean.

6.2.2 SOREMPs in the diagnosis of narcolepsy
There were ten studies that met criteria for data on SOREMPs
for use of the MSLT in clinically diagnosed narcolepsy patients.
All selected articles were judged to be reasonably free of
SOREMP requirements for diagnosis or classification purposes.
Diagnostic criteria were not always clear, but the presence of catSLEEP, Vol. 28, No. 1, 2005

MWT (40 minute protocol) in OSA patients and normal controls
One paper met inclusion criteria.76 The MSL in normal controls
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colepsy/closed head injury130 (3.34 + 1.87), rheumatoid arthritis131 (16.1 + 2.6), chronic obstructive pulmonary disease132 (11.0
+ 3.7) and congestive heart failure - Cheyne Stokes breathing pattern133 (11.3 + 4.8 and 4 + 1.1). A study of 30 epilepsy patients
showed an overall MSLT MSLlatency of 8.4 + 8, and when the
epilepsy patients were divided into clinically sleepy and nonsleepy groups there was a significant difference between groups
(7.6 + 7.1 and 10.3 + 9.5 respectively).134 A study on Parkinson’s
patients found that those with REM onsets were significantly
sleepier than those without REM onsets (4.6 + 0.9 and 7.4 + 0.7
respectively).135 Patients with chronic renal failure showed no
difference in MSL before and after hemodialysis (6.5 + 4.1 and
6.3 + 5.7 respectively).136 Another study of hemodialysis patients
showed a MSL of 10.2 + 4.2 on non-dialysis days.137 A study of
children with beta-thalassemia and congenital deserythropoietic
anemia reported MSL of 7.8 + 3.5 and 10.7 + 7.5 respectively.126
Six studies using the MSLT included control groups. One study
reported that muscular dystrophy (MD) patients were significantly sleepier than controls (13.5 + 3.57 and 18.3 + 1.82, respectively).138 A study on patients with retinosa pigmentosa found
that they were significantly sleepier than controls (10 + 5 and 17
+ 3 respectively).127 Another study found no difference between
multiple sclerosis patients and controls (16.2 and 15.86, respectively).139 A study on symptomatic and asymptomatic Ss exposed
to the rhinovirus showed no differences between groups (7.84 +
3.6 and 8.75 + 2.8).140 A study on post-traumatic stress in Viet
Nam veterans reported a mean of 13.5 + 4.1 in post-traumatic
stress patients compared to 12.7 + 4.4 in controls, but no statistics were done.141 One study on children with attention deficit
hyperactivity disorder showed that they were sleepier than controls (16.7 + 5.4 and 18.9 + 3).125 No statistics were done on overall means, however patients were significantly sleepier on each of
the first 3 naps than controls.
One study was found that used the MWT in a patient group.
Patients with retinitis pigmentosa were significantly less alert
than controls (21 + 9 and 29 + 2).127
Two drug studies are also noteworthy. Patients with epilepsy
who were taking a sedating medication (phenobarbital) were
shown to be significantly sleepier on the MSLT than controls or
patients taking a non-sedating medication (carbamazapine) (MSL
of 9, 12.9 and 12.5 min respectively).54 In contrast, a study of
Parkinson patients treated with modafinil showed no changes in
MWT values after treatment.142
There were few studies that met criteria to evaluate the usefulness of the MSLT in patients with medical or neurological disorders typically associated with excessive sleepiness. Most studies
were descriptive and lacked control groups. These studies used a
widely accepted latency of greater than ten minutes as a control
comparison to draw conclusions about sleepiness in the patient
group. However, such a comparison may not be appropriate since
the study on MD patients reported a MSL of 13.5 but indicated
that they were significantly sleepier than the control group in the
study.138 In the two studies that used control groups for comparison to patients with disorders associated with sleepiness, only
one found the expected result. The study of MD patients found
that they were sleepier than controls, whereas a study on multiple
sclerosis patients found no difference between patients and controls.139 The strongest support for the usefulness of the MSLT in
patients with neurological disorders comes from a drug study on

was 34.1 + 5.5. In OSA patients, the MSL was 23.2 + 10.2,
almost 2 SD from the normal control MSL values.
MWT (20 minute protocol) in OSA patients and normal controls
One paper met inclusion criteria.111 Normal control MSL on the
MWT was 18.8 + 3.3. In OSA patients, the MSL was 11.0 + 5.6,
which is more than 2 SD from the normal control MSL.
Effect of CPAP treatment on MSLT values in OSA
Ten papers met inclusion criteria.73-75, 112-118 Studies testing the
effect of less than a week of CPAP were excluded. Nine of the ten
papers showed statistically significant increases in MSL with
CPAP. A weighted MSL before treatment was 6.8 + 4.2, which is
within 1 SD of normal control mean. Weighted MSL after treatment was 11.6 + 5.3. Both pre- and post-treatment mean were
within 1 SD of the normal control mean.
Effect of CPAP treatment compared to placebo on MSLT values
in OSA
Four papers met inclusion criteria.119-122 Only two of the four
papers showed a longer MSL in OSA patients treated with CPAP
than those treated with placebo. Weighted MSL on CPAP was 9.8
+ 4.5 compared to 8.3 + 4.7 on placebo.
Effect of CPAP treatment on MWT (40 minute protocol) values in
OSA
Three papers met inclusion criteria.76, 77, 123 All showed statistically significant improvement in MSL on the 40 min MWT in
OSA. Weighted MSL before treatment was 18.8 + 9.9 compared
to 26.3 + 10 after treatment. Pre-treatment MSL was more than 1
SD less than the normal control mean. Post-treatment MSL was
within 1 SD of the normal control mean.
Effect of CPAP treatment on MWT (20 minute protocol) values in
OSA
No papers were found addressing this issue.
Effect of CPAP treatment compared to placebo treatment on
MWT (40 minute protocol) in OSA
One paper met inclusion criteria and did not find a significant
difference in MSL between the CPAP group (16.2 + 19.6) and a
placebo group (14.4 + 8.5).124
6.2.5 Medical and neurological disorders
There were 18 studies that met initial criteria for use of the
MSLT in patients with medical or neurological disorders. This
included two studies on children125, 126 and one that used both the
MSLT and MWT.127 The studies included 13 different disorders
and a number of slightly different methodologies. Due to the
diversity of disorders, none of the studies were entered into an
evidence table.
Eleven studies had no comparison groups but reported MSLT
data for the patient group studied. This descriptive MSLT data
(mean and SD) included patients with Prader-Willi128 (6.9 +
5.03), muscular dystrophy129 (7.3 + 2.2), and post-traumatic narSLEEP, Vol. 28, No. 1, 2005
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epilepsy patients demonstrating a significant decrease in MSLT
latencies in patients given sedating anti-epileptic medications
compared to controls or patients given non-sedating anti-epileptic medication.54 However, these groups also differed by type of
epilepsy (generalized versus partial). Overall, there is very little
data concerning the use of the MSLT in patients with medical or
neurological illnesses.

placebo, triazolam (0.25 and 0.50 mg), or flurazepam (15 or 30
mg) prior to daytime sleep before the overnight vigil. Results
indicated that overnight latencies were lower than daytime latencies in all placebo and drug conditions and lowest following
doses of flurazepam, a long-acting benzodiazepine. Average differences between daytime and nighttime latencies ranged from
2.3 to 3.8 minutes across placebo conditions and 0.5 to 6.6 minutes across medication conditions. Average differences between
daytime and nighttime latencies ranged from 0.5 to 2.8 minutes
across all conditions. Latencies across the night shift in all conditions ranged from approximately 15 - 18 minutes at the beginning of shifts to two to three minutes around 6:00 to 8:00 AM
(values estimated from the figures).
Across all studies of simulated night shift the mean overnight
MSLT scores during no-drug or placebo conditions ranged from
7.2 to 10.3 minutes with standard deviations between 3.2 and 5.9
minutes.144-150 Following medication treatment for daytime sleep,
overnight MSLT scores ranged from 5.8 to 12.1 minutes with
standard deviations of 1.9 to 4.8 minutes. Drug minus placebo
differences ranged from -3.8 to 2.0 minutes across studies (i.e.,
nighttime MSL scores both increased and decreased relative to
placebo nights). Total daytime sleep time prior to the overnight
vigil ranged from 190 to 214 minutes in placebo conditions and
300 to 320 minutes in drug conditions.
Four overnight studies also employed the MWT. Latencies on
those tests during no-drug or placebo conditions ranged from
12.2 to 18.3 minutes with standard deviations ranging from 2.8 to
7.4 minutes. Following medication treatment in three studies,
latencies on the wakefulness tests ranged from 13.9 to 19.2 minutes with standard deviations ranging from 1.3 to 5.1 minutes.
Drug minus placebo differences ranged from 0.9 to 1.7 minutes
across studies (i.e. slight increases in MWT MSL scores in the
drug conditions).
Sleep latencies across the night following placebo/no-drug or
benzodiazepine (temazepam or triazolam) administration during
the day are shown in Figure 1. Values in the figure are the weighted average of the reported means of each study at each time
point.145-148, 150 In placebo/no-drug conditions, MSLT scores
ranged from 13.3 minutes at the beginning of the shift to 4.6 minutes in the early morning hours. During drug conditions, MSL

6.2.6 Assessment of safety
Two major safety themes emerged among the final selection of
16 articles. One set of studies examined sleep latencies in
response to sleep that was shifted away from the normal circadian phase position. Another set of studies examined sleep latencies
in association with simulated or actual driving. One miscellaneous study used a modified MSLT procedure to examine daytime sleep latencies and perception of being asleep.143
Phase-Shifted Sleep: Sleep Medications and Simulated Night
Shift
The studies of phase-shifted sleep measured sleep latency associated with changes in sleep quantity or quality, circadian
arousal, or treatments with sleep medications or bright light. The
implications of these studies for safety are based on the assumption that increased sleepiness from phase shifting may increase
the probability of operational errors or performance decrements.
Among the studies of phase-shifted sleep in the initial sample,
nine articles measured sleep latencies in subjects remaining
awake overnight in the laboratory during a simulation of night
shift work. Of those articles, six met the criteria for final inclusion. Another four studies measured sleep latencies in subjects
who traveled to a different time zone and slept at a time that was
different from their home sleep circadian phase. None of those
articles met the criteria for final inclusion.
In all selected studies of phase-shifted sleep, a “research”
MSLT protocol was used, requiring subjects to be awakened at
the first signs of EEG sleep. Among the studies of overnight
wakefulness in the laboratory, only one directly compared multiple nighttime sleep latencies to daytime latencies in the same
subjects.144 The protocol for that study included administration of

Figure 1—Sleep latencies during simulated night shifts following daytime sleep with administration of temazepam, triazolam, placebo, or no drug.
Values at each time point are the weighted average of the reported means from several published studies. Error bars are standard deviations.
SLEEP, Vol. 28, No. 1, 2005

131

Review Paper

MWT review paper.qxp

12/30/2004

8:46 AM

Page 132

motor vehicle crashes73 or improved performance on a simulated driving task.75 In the latter study, increases in MSL following treatment were significantly correlated with improvements
in tracking performance on the driving task (r = .65). CPAP
treatment also was associated with increased MWT latency
scores and improved actual driving performance among professional bus drivers.76
One study measured daytime sleep latencies and performance
in a driving simulator following four or eight hours of sleep and
ingestion of either ethanol or placebo.155 Significantly longer
latencies were observed after eight hours of sleep in the placebo group compared to all other conditions (10.7 + 3.4).
Latencies following four hours of sleep and either ethanol or
placebo, or eight hours of sleep with ethanol did not differ
(MSL = 4.7 vs. 6.3 minutes, SDs = 3.1 to 4.7). Simulated driving performance was worst in the 4-hour ethanol group but no
correlations were reported between driving performance and
sleep latencies.
Sleepiness among long distance drivers was measured at a
highway rest stop in one study by using two latency tests taken in
rapid succession (10-minute interval).156 Long distance drivers
had greater sleep debts and shorter latencies than a control group
who had not driven and had normal amounts of sleep (Test 1 =
11.5 vs. 15.5 minutes; Test 2 = 14.0 vs. 18 minutes, respectively).
Total sleep times and latencies were positively correlated in the
driving group.

scores ranged from 8.8 to 9.9 minutes early in the shift to 5.0
minutes in the early morning hours. MWT scores overnight in
placebo/no-drug conditions ranged from 17.1 minutes at the
beginning of the shift to 12.1 minutes in the early morning hours.
MWT scores overnight in drug conditions ranged from 18.3 minutes at the beginning of the shift to 13.6 minutes in the early
morning hours.
Phase-Shifted Sleep: Bright Light and Simulated Night Shift
Bright light exposure during the night shift increased average
nighttime MSLT scores compared to dim light.149 From early to
late in the shift, latencies decreased from approximately 12 to 3
minutes under dim light and from 16 to 7 minutes under bright
light (values estimated from the figures).
Phase-Advanced Sleep in Sleepy or Alert Subjects
One study used the MSLT to divide subjects into alert (latencies of 12 or more minutes) or moderately sleepy (latencies of ten
or less minutes) and then tested the degree of sleep disturbance
induced by phase-advanced sleep (earlier bedtimes) in each
group.151 Sleep was disturbed in both groups, but less disturbed
in the sleepy group.
Driving
Ten studies of actual or simulated driving were identified and
seven met the inclusion criteria. Long distance driving (one
study), alcohol (one study), sleep disorders (two studies), or
CPAP treatment (three studies) were examined in these studies.
Four studies of sleep disorder patients employed a “clinical”
MSLT procedure and a fifth study152 did not specify a procedure.
The remaining studies of driving used a “research” MSLT procedure.
Motor vehicle accident histories and MSL on the MSLTs were
examined in one study entered into the evidence table that reported no latency differences among groups having zero, one, or
more than one accident in a five-year period.153 Mean latencies in
those groups ranged from 9.3 to 9.7 minutes. Similar results were
reported in a study that was not included in the evidence table
because standard deviations were not reported.154 In that study,
MSLT latency scores did not differ among sleep disorders
patients who had motor vehicle crashes and those who had not.
Group mean sleep latencies among apnea, narcolepsy, and other
sleepy EDS patients with a crash history ranged from 4.8 to 9.4
minutes, whereas group means among patients without a crash
history ranged from 3.3 to 8.2 minutes.
One study evaluated MSLT and simulated driving performance
(tracking and divided attention) among narcolepsy and sleep
apnea patients tested in the laboratory.110 Compared to a matched
control group, simulated driving was significantly worse in both
patient groups. Apnea group latencies (mean = 7.2 minutes) were
significantly shorter than the control group (mean = 13.2 minutes) and the narcolepsy group latencies were shorter than both
groups (mean = 4.9 minutes). Driving performance (tracking
error) was negatively correlated with MSL in both patient groups
(r = -.42 for apnea; r = -.32 for narcolepsy).
CPAP treatment for sleep apnea was associated with
increased MSL and a reduction in the rate of self-reported
SLEEP, Vol. 28, No. 1, 2005

6.2.7 Pre- and Post-Drug Studies - Validity
Studies using the MSLT after administration of medications
were examined to assess the face validity of the MSLT.
Specifically, one would expect the MSL to become longer after
administration of stimulants and to become shorter after administration of sedatives. A broad range of studies in which the
MSLT was used after stimulant or sedative administration were
reviewed. Multiple studies meeting the general criteria of this
review were found for the MSLT after caffeine, modafinil, and
flurazepam administration. Multiple studies meeting the criteria
of the review were found for the MWT after modafinil administration.
Three studies used the MSLT after modafinil and placebo
administration.71, 157, 158 A total of 131 Ss received placebo and
127 Ss received modafinil in the these experiments. The weighted mean and standard deviations for the placebo and modafinil
groups across the three studies was respectively 5.0 ± 3.7 and 7.4
± 4.2 minutes (t = 4.869, p < .001). Five studies were identified
where caffeine and placebo were administered prior to the
MSLT.63, 72, 159-161 In these studies, which involved 91 Ss, the
weighted means for the MSL after placebo and caffeine administration were 9.6 ± 4.1 and 13.8 ± 3.8 minutes (t = 6.676, p <
.001). Finally, four studies were identified where flurazepam or
placebo was administered the night before the MSLT was
given.49, 70, 72, 162 In these studies, 55 Ss received placebo and 56
Ss received flurazepam. The respective MSL for placebo and flurazepam were 11.7 ± 4.8 and 8.9 ± 4.7 minutes (t = 3.104, p <
.01). These data suggest that the MSL is characteristically
increased after the administration of stimulant medication and
reduced after the administration of sedating medication, providing support for the validity of the MSLT.
Three studies employed the MWT after modafinil and placebo
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administration.71, 158, 163 A total of 194 Ss received placebo and
190 Ss received modafinil in these experiments. The MSL for the
placebo and modafinil groups across the three studies were 8.2 +
5.4 and 10.4 + 6.3 minutes respectively (t = 3.672, p < .001).
Analysis of the two studies using narcolepsy patients158, 163
showed similar results following administration of placebo (164
Ss) and modafinil 200mg (160 Ss) with MSL 6.62 + 5.66 and
9.13 + 7.0 respectively (t=2.38, p<.01). These data suggest that
the MSLT is characteristically increased after the administration
of stimulant medication and therefore provide support for the
validity of the MWT.

marized in Table 2. Eighty-year-old Ss had longer MSL than all
other age groups. Fifty-year old Ss had longer MSL than all
groups under age 40. This analysis predicts that MSL values will
increase by approximately 0.6 minutes per decade.
Mean values from all studies doing five naps were compared
with the mean values from all studies doing four naps (studies with
age 50 or greater not included). There were ten studies (with 12
total groups) with 372 Ss reporting four naps34, 43, 78, 165-171 and 13
studies (15 total groups) with 284 Ss reporting five naps22, 23, 68, 96,
97, 110, 172-178 The overall mean for four nap MSLT studies was 10.4
+ 4.3. The overall means for five nap MSLT studies was 11.6 + 5.2.
This difference was statistically significant (t654 = 2.889 p < .01).
Using two SD from the mean, 95% of the normal values for the
four nap MSLT would fall between 1.8-19 minutes while the values for the five nap MSLT would fall between 1.2-20 minutes.
The difference between scoring sleep onset to the first nonwake epoch of sleep versus scoring to ‘consolidated’ sleep
(defined here as the lesser of the first of three epochs of stage 1
or the first epoch of non-stage 1 sleep) was also calculated. This
analysis was done in one data set that had previously been scored
with both criteria.166 Based upon the definitions, it is not possible
for the latency to consolidated sleep to be less than the latency to
the first non-wake epoch. Therefore, it is not surprising that a significant difference was found. A repeated measures analysis of
variance (ANOVA) with effects for time of nap (4) and scoring
method (2) was performed. The F-value for scoring method was
significant (F1, 48 = 23.8, p < .00001). The respective means were
7.4 and 8.1 minutes. Although statistically different, this small
difference may not be clinically significant.
The effect of prior sleep time on MSLT results was also examined. Ten of the 27 studies (one with two groups) with prior sleep
time greater than 435 minutes22, 23, 34, 63, 166, 171, 176-179 were compared to 7 studies (one with three groups) with prior sleep time
less than 425 minutes.43, 133, 167, 169, 172, 173, 180 The mean total sleep
time respectively was 451 and 397 minutes. However, it should
be noted that four of the studies with short prior sleep time were
performed with Ss in their 50’s or 60’s. The overall mean for the
MSLT after long prior sleep was 9.8 + 4.8. The overall means for
the MSLT after short sleep was 11.2 + 4.1. This difference was
statistically significant (t397 = 3.04. p < .001). The difference was
also significant when the four studies from older individuals were
eliminated from the data set. These data indicate that MSL is
longer when prior TST is shorter. The implication is that participants in studies reporting shorter TST probably did not suffer
from partial sleep deprivation as a methodological flaw but were
more likely just unable to sleep longer.
Based upon the significant difference found between the four
nap and five nap protocol above, the age analysis was repeated
and split for the four or five nap protocol. Due to concerns about
specific end effects of the last nap, studies that had more than five
naps were not included in the five nap group (even if individual
nap data were available). Studies were also eliminated if there
was a very broad age range of participants (without means). In
the remaining groups, statistical comparisons could be done in
three age blocks (20’s, 30’s, and 40’s). A significant difference in
the predicted direction was found for 20 year-old participants
(t270 = 1.984, p < .05) and 30 year-old participants (t165 = 3.059, p
< .01). The individual data are presented in Table 3 and the means
are plotted in Figure 3. (with standard error of the mean, the lines

6.2.8 Normative data
The issue of normative MSL data for the MSLT and MWT is
complicated because many factors affect the results and must be
taken into consideration. Factors that have been reported to
affect the MSL include age and prior total sleep time (TST), as
well as many variations in the methodologies such as number of
naps, SL definitions and termination criteria whose effects are
not clear. These minor variations in protocol are common but
difficult to track. A review of sleep latency definitions and termination criteria in 77 articles that used the MSLT protocol
showed that only 35% reported using the recommended sleep
onset definition31 (i.e. first epoch of Stage 1) whereas 22%
specified other SL definitions. Many articles (43%) did not
specify any SL definition or include a methodology reference.
The findings were identical for nap termination criteria.
Moreover, the stated methodology was not always strictly followed in some studies. Given the methodological variability
underlying the published literature, data from normal control
subjects (Ss) was analyzed to evaluate the effect of many specific factors on MSL. This provided the basis for combining
data when no significant differences were found and provided
the support for calculating normative values for relevant factors
for each test.
The MSLT database reviews were examined for all papers that
reported MSLT means and standard deviation from at least four
naps placed in the morning and afternoon for normal or control
Ss. Inclusion was based upon review of the data table of reviewer notes for abstracts plus an additional three studies identified
by the reviewers. Weighted means are reported. Analyses containing SD are based upon pooled (and weighted) variance. The
data are based on 27 papers, some with multiple groups. Studies
with normal Ss given placebo were included and the data combined with normal controls not given placebo because no significant difference in MSL was found in narcolepsy patients if
placebo was given or not given.164 However, no active drug data
are included.
One study reported a significant effect for age.43 Since it was
unknown if results differed as a function of clinical vs. research
version on the MSLT, data were first tabulated by age and test
version (Table 1). The differences between clinical and research
versions did not differ significantly at any age range except for
30’s (clinical = 10.4, research = 12.5; t190= 2.60, p = .01). These
findings contradict the hypothesis that accumulated sleep in clinical MSLTs would result in increased MSL. Therefore, Table 2
presents combined MSLT values by age. The data are also plotted in Figure 2. As expected from the previous literature, significant age-related differences were found with t-tests and are sumSLEEP, Vol. 28, No. 1, 2005
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secutive ten seconds of stage 1. The second definition referred to
sustained sleep defined as three epochs of stage 1 or the first
epoch of any stage of sleep (SUMWT). The MSL to the first
epoch or ten seconds of sleep on the 40 minute MWT and 20
minute MWT were 30.4 + 11.2 and 18.1 + 3.6 respectively. The
MSL to sustained sleep were 35.2 + 7.9 and 18.7 + 2.6 for the 40
and 20 SUMWT, respectively.
The availability of the raw data from this data set allowed additional analysis to be performed to examine normative values for
both the 40 minute (Table 4) and the 20 minute (Table 5) MWT
scores.181 Data were analyzed on 64 subjects who were considered as not having sleep problems. MSL was calculated across
four naps using the latency to sustained sleep. Because these subjects did not have sleep problems, many of them scored the
respective highest values of 40 and 20 for the average scores. On
the 40 minute MWT 38 of 64 subjects (59%) did not fall asleep
on any trial using the sustained sleep latency definition. Using the
first epoch or ten seconds of stage 1 definition 27 of 64 subjects
(42%) did not fall asleep on any trial. This ceiling effect results
in the data not being normally distributed. Therefore KaplanMeier survival analysis was used to analyze the data. One patient
(subject 39) had a very low score (asleep earlier) than the other

are the linear regression). The overall mean for the 4-nap studies
reported in Table 3 was 10.3 + 4.2. The mean for the 5-nap studies was 11.5 + 5.3 (t 612 = 3.04, p < .01).
Three articles using the MWT of 40 and 20 min where found
which contained normative data. Two of these articles used
MWT trial durations of 40 minutes76, 88 and one used MWT trial
durations of 20 minutes.111 One of the 40 minute MWT studies
also reported 20 minute MWT data derived from the 40 minute
test and that is not included here but is reviewed below. The 40
minute MWT studies included a total of 74 normal subjects using
four trials that were terminated one minute after sleep onset. The
average MSL for both studies was 35.2 + 7.8 when sleep latency
was defined as three epochs of stage 1 or one epoch of any other
stage. Using four naps and the same definition of sleep latency,
the 20 minute MWT included 15 normal subjects (mean age
45.2) and reported a MSL of 18.8 + 3.3.
One of the 40 minute MWT studies had a large data sample of
64 Ss patients and reported MSL for 20 minute and 40 minute
MWT using two definitions of sleep latency.88 The 20 minute
MWT data was derived from the 40 minute test. The MSL was
calculated for sleep onset defined in two ways. One definition
referred to the first epoch of any stage of sleep or the first con-

Table 1—Comparison of MSL for clinical and research MSLT protocols by age group.

DECADE

CLINICAL PROTOCOLS
Age
#SS

Mean SD

20'S

24

29

12.7+7175

29

12.7+7

139
17

10+3.7165
13.4+4174

156

10.4+3.7

10
11
21
10
52

10.3+6.496
10.4+6.368
13.2+2.4110
10+6.697
11.4+5.1

SUMMARY
30's

33.4
34

SUMMARY*

RESEARCH PROTOCOLS
Age
#SS

Mean SD

21
29
23
25
24
26.5
23
25
29
28

12
14
49
12
16
89
18
18
16
11
255

10.6+6.134
11.1+7179
7.4+3171
8.0+3.1180
11+3169
10.9+5177
9.8+4.6173
14.5+7.8170
10.3+3.3176
8.4+6.8178
10.1+4.9

39
36
35
30

10
10
11
5
36

9.5+5.363
15.5+5.4172
13.8+1.457
9.9+5.6176
12.5+4.5

44
44

11
9

12.3+1.257
12.1+1.123

20

12.2+1.2

40's
43
45
46
49
SUMMARY
50's

54

11

12.1+1.157

60's

65
66
68

9
13
32
54

12.4+1133
11.9+1.657
10.5+6.5167
11.2+5.2

83

22

15.2+6175

SUMMARY
80's
* Means 30 year-old groups differ at the .01 level
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epoch of any stage and Table 6 provides the percentiles for the
MSL in Figure 7. So using Figure 6, for example, a MSL of 25
minutes on the 40 minute MWT shows 1 minus survival of
approximately 15%, with +2 SEM of approximately 25%. This
indicates that 15% of normal patients had a MSL of 25 or lower.
Using the 95% confidence interval (+2 SEM), the actual percentage scoring 25 or lower may go as high as 25%. If a sleep patient
has a MSL of 10 minutes, the percentage of normal patients with
this score or lower is approximately 2-6%. One would assume
that a patient with such a low MSL is not likely “normal”.

Table 2—Summary and statistical comparison of MSLT MSL by age
group
Age
10
20
30
40
50
60
70
80

Mean
10.0
10.4
10.8
11.7
12.1
11.2

SD
4.5
5.4
3.9
4.4
1.1
5.2

15.2

6

# SS
25
284
192
72
11
54
0
22

Note
Differ from 50, 80
Differ from 50, 80
Differ from 80
Differ from 80
Differ from 80
Differ from all

7.0 DISCUSSION

patients. Analysis was performed both with and without this
patient. Potential effects due to three covariates were also considered. These were gender, age group and body mass index. For
statistical purposes, age was divided into four 10-year age groups
and BMI was divided into three categories of <24.5, 24.5-<29.5,
and 29.5+ as factors in the survival analysis. The only statistically significant result was due to age group, but the only age group
that was different was the 30-39 groups, who had shorter MSL
than the older subjects. One other study179 in a group of 14 subjects with a mean age of 29 + 12.2 reported a sleep latency similar to that reported in the 30-39 year old group from Doghramji
et al.88 These results imply that the reported significant age effect
for the MWT is probably not a chance finding. Further, these age
results are similar to those reported for the MSLT (see Figure 4).
Regression across age shows an increase in sleep latency of
approximately 2.5 minutes per decade for the MWT. The absence
of gender and body mass index affects on MSL is probably due
to that fact that these 64 subjects do not have sleep problems, so
the “usual” effects due to gender and BMI have already been
removed by excluding patients with sleep problems.
Table 4 reports the basic descriptive information on the 40
minute MWT mean scores, overall and by the three covariate
groups; Table 5 reports on the 20 minute MWT mean scores. The
data for the tables were generated by the survival analysis.
Figuress 5 and 6 provide survival plots using the sustained definition of sleep latency for the 20 and 40 minute MWT, respectively. Figure 7 provides a survival plot for the 40 minute MWT
defining sleep latency as either ten seconds of stage 1 or the first

Most studies that used the MSLT and MWT were not designed
to address the issues in this review. Consequently, much of the
data was excluded because it did not meet the criteria established
to address the selected topics. In many cases, details were vague
or omitted from articles. This places additional limitations on the
use and interpretation of results reported. However, the data in
this review represent the current evidence available, and the findings are generally consistent with a variety of studies.
This review revealed numerous variations in test methodology
being used, along with many studies that omitted any description
of the test methodology. Common omissions concerning methodology .included: amount of prior sleep time, definition of sleep
latency, number of naps, age range, and use of research or clinical protocols. Even when a common reference was used to
describe the methodology for the performance of the MSLT or
MWT, it was sometimes evident from other information in the
paper that the cited methodology was not always followed.
Analysis of control data was done to determine the impact of
these factors on MSL and it was found that prior total sleep time,
definition of sleep latency, number of naps, and age resulted in
clinically significant differences in MSL on the MSLT. There was
not a significant difference on MSL between the clinical and
research MSLT protocols. Given the variations in methodology
and lack of detailed information in studies, it is unlikely that the
summarized studies for each topic in this review had identical
test methodologies.
Another methodological issue involved patient selection crite-

Figure 2—MSL with SEM on the MSLT by age. Linear regression line
is plotted.

Figure 3—MSL with SEM on the MSLT in four and five nap protocols.
Linear regression lines are plotted.

SLEEP, Vol. 28, No. 1, 2005

135

Review Paper

MWT review paper.qxp

12/30/2004

8:46 AM

Page 136

ria. The use of a questionnaire or clinical interview rather than
polysomnography to screen for sleep disorders sometimes resulted in subjects being dropped from the study when sleep disorders
were discovered or the finding was simply noted in the results
and the data included. Drug usage in subject and patient populations was often only screened for stimulant or hypnotic medication through questionnaires or interviews. Urine screens were not
typically performed and other classes of medication were often
permitted in patient populations. The possible presence and effect
of these extraneous variables on the MSL data cannot be determined although these presumably random variables would be
expected to have minimum impact on the overall data.
Although there are some limitations with the data, the validity
of the MSLT as a measure of sleepiness has strong support from
drug studies. It was reasoned that SL should become longer following administration of stimulant medication and shorter following administration of sedative medication. Studies using the
MSLT after caffeine, modafinil, and flurazepam administration
showed that MSL is characteristically increased after the administration of stimulant medication and reduced after the administration of sedating medication. Studies using the MWT after
administration of modafinil showed an increase in MSL. These
data suggest that both the MSLT and MWT respond as expected
following administration of medication and therefore provide
support for the validity of the MSL in the MWT and MSLT.
However, the results provide only indirect support for the MSLT
since the test is the de facto standard and there is no other objec-

tive measure to use for comparison.
Determining normative MSL values is complicated. There are
different values for different sample characteristics. However, the
MSL seems to be relatively stable regardless of most minor variations. For the MSLT, the MSL is around ten minutes with a two
SD range of about 2 - 19 minutes. This appears to be a normal
distribution of scores. However, the SDs are relatively large for
the MSLT, so the MSL does not discriminate normal and sleepy
populations very well due to extensive overlap of MSL values.
Moreover, the use of a SD cutoff may not always be appropriate
for the MSLT and MWT since there may not be a normal distribution of some scores. For example, the MSLT is more susceptible to a floor effect in very sleepy individuals such as narcolepsy
patients, whereas the MWT has a ceiling effect for the most alert
individuals.
As can be seen from Table 3, MSL values varied from 7.4 to
15.2 minutes in the normal populations sampled with SDs ranging from 1.1 to 7 minutes. Sleep latencies were significantly different depending on a) the criterion used for sleep onset, although
the actual difference between the first epoch of any sleep stage
and 3 epochs was small; b) the nap protocol, with the 5-nap protocol having latencies about 1-.2 minutes longer (see Figure 3);
and c) age (see Figure 2). These variables interact so that reported differences in latencies vary from 9.6 + 4.8 minutes in 20 year
olds in a 4-nap protocol to 15.2 + 6 minutes in 80 year olds with
a 5-nap protocol. Interestingly, the age effects found on the
MSLT were replicated on the MWT. This emphasizes the impor-

Table 3—Comparison of MSLT MSL by age group in 4 and 5 nap protocols

DECADE

Four Nap Protocol
Age
#SS

Mean SD Reference

10's

15

25

10+4.6166

20's

29
23
25
24
25

14
49
12
16
18
109

11.1+7179
7.4+3171
8.0+3.1180
11+3169
14.5+7.8170
9.6+4.8

23
24
26.5
29
28

18
29
89
16
11
163

9.8+4.6173
12.7+7175
10.9+5177
10.3+3.3176
8.4+6.8178
10.9+5.4

33.4
35

139
11
150

10+3.7165
13.8+1.457
10.3+3.6

34

17

13.4+4174

17

13.4+4

11

12.3+1.257

43
45
46
49

11

12.3+1.2

10
11
21
10
52

10.3+6.496
10.4+6.368
13.2+2.4110
10+6.697
11.4+5.2

83

22

15.2+6175

SUMMARY*
30's
SUMMARY*
40's

44

SUMMARY
50's

54

11

12.1+1.157

60's

65
66
68

9
13
32
54

12.4+1.9133
11.9+1.657
10.5+6.5167
11.2+5.2

SUMMARY
80's

Five Nap Protocol
Age
#SS

Mean SD Reference

(*p<.05 indicating a significant difference between 4 and 5 nap means)
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Table 4—Statistics for the Average of Four 40-Minute MWT

Table 5—Statistics for the Average of Four 20-Minute MWT

Group

n

Mean
(SEM)v

75%tile
(SEM)

# scoring
40+

Group

n

Mean
(SEM)

75%tile
(SEM)

# scoring
20+

Male
Female
Female, excl
Age 30-39
Age 40-49
Age 40-49, excl
Age 50-59
Age 60-69
BMI <24.5
BMI 24.5-<29.5
BMI 24.5-<29.5,
excl
BMI 29.5+

27
37
36
18
20
19
15
11
32
26
25

36.19 (1.12)
34.54 (1.48)
35.31 (1.31)
30.86 (2.04)
36.52 (1.88)
38.07 (1.18)
36.73 (1.59)
38.03 (1.06)
35.09 (1.38)
34.88 (1.69)
36.00 (1.34)

32.75 (1.78)
32.75 (6.21)
32.75 (2.92)
22.58 (2.53)
NA
NA
34.75 (5.35)
NA
32.50 (1.76)
31.63 (5.84)
32.75 (4.68)

16
22
22
5
15
15
10
8
18
17
17

27
37
36
18
20
19
15
11
32
26
25

18.92 (0.35)
18.52 (0.50)
18.84 (0.40)
17.52 (0.68)
18.88 (0.70)
19.50 (0.36)
19.18 (0.44)
19.59 (0.30)
18.64 (0.43)
18.54 (0.59)
19.00 (0.39)

17.75 (1.35)
NA
NA
14.33 (1.66)
NA
NA
NA
NA
17.50 (2.07)
18.88 (1.98)
NA

18
26
26
8
16
16
11
9
22
18
18

6

37.54 (1.17)

34.75 (2.31)

3

Male
Female
Female, excl
Age 30-39
Age 40-49
Age 40-49, excl
Age 50-59
Age 60-69
BMI <24.5
BMI 24.5-<29.5
BMI 24.5-<29.5,
excl
BMI 29.5+

6

19.58 (0.34)

19.75 (2.31)

4

Total 64
Total 63

64
63

35.24 (0.98)
35.69 (0.89)

32.75 (1.37)
32.75 (1.46)

38
38

Total 64
Total 63

64
63

18.69 (0.33)
18.87 (0.27)

18.25 (1.03)
18.88 (1.11)

44
44

Excl: statistics excluding the potential outlier
NA: 75th percentile or its standard error cannot be estimated

Excl: statistics excluding the potential outlier
NA: 75th percentile or its standard error cannot be estimated

Statistical Tests:
N=64
Gender:
Age group:
BMI group:
N=63
Gender:
Age group:
BMI group:

Statistical Tests:
N=64
Gender:
Age group:
BMI group:
N=63
Gender:
Age group:
BMI group:

log rank=0.01, df=1,
log rank=13.62, df=3,
log rank=0.33, df=2,

p=0.9230
p=0.0035
p=0.8461

log rank=0.01, df=1,
log rank=15.59, df=3,
log rank=0.69, df=2,

p=0.9425
p=0.0014
p=0.7074

log rank=0.04, df=1,
log rank=8.57, df=3,
log rank=0.01, df=2,

p=0.8375
p=0.0355
p=0.9946

log rank=0.17, df=1,
log rank=10.23, df=3,
log rank=0.11, df=2,

p=0.6843
p=0.0167
p=0.9462

Figure 4—MSL with SEM on the MSLT and the 40 min MWT by age. Linear regression lines are plotted.
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tance of age specific normative values. However, the use of a SD
to determine normative ranges may still be problematic since a
large percentage of normal Ss score 20 minutes on the 20-minute
MWT protocol. The 40-minute MWT may be more normally distributed because fewer individuals received the 40-minute score.
However, additional work needs to examine distribution issues in
these tests (see Tables 4 & 5).
In narcolepsy patients, studies reporting SOREMP data
showed a high sensitivity and very high specificity for two or
more SOREMPs for the diagnosis of narcolepsy. The specificity
of SOREMPs is also increased if other sleep disorders (especially sleep apnea) are excluded. The presence of two or more
SOREMPs occurs in the majority of narcolepsy patients on a single MSLT with repeat testing identifying others.28 Additionally,
the MSL in narcolepsy patients is around 2 - 3 minutes compared
to normal controls at 10.4 minutes. Therefore, MSLT latency data
are strongly discriminatory in the diagnosis of narcolepsy but
must be viewed in context with the sleep history and other medical information.
The use of the MSLT in idiopathic hypersomnia shows that the
MSL is between that of normal controls and narcolepsy patients.
However, the SD is again large and does not discriminate
between normal controls and sleepy individuals.
In studies of OSA patients, the MSL from the MWT and MSLT
overlapped extensively with those of normal Ss. The MSL from
the 20 minute MWT provided the best separation between
groups. This was followed closely by the 40 minute MWT. The
MSL from the MSLT demonstrated significant improvement with
CPAP treatment, but still fell within one SD of the pre-treatment
mean and showed no statistical difference between CPAP- and
placebo-treated OSA patients. Similar results were found with the

40 minute MWT. Unfortunately, there were no studies using the
20 minute MWT following CPAP treatment. Consequently, it
seems that the MSL change between pre- and post-treatment for
an individual is probably meaningful, although comparison of
these data with the normative values is not helpful.
There are little data on the use of the MSLT or MWT in
patients with medical or neurological conditions associated with
sleepiness. This data may be difficult to obtain because of special
concerns with these patient populations. It maybe difficult to
obtain a homogeneous patient group, especially if the diagnosis
can only be made on clinical grounds or the disease is progressive. In diseases that involve impairment or abnormality in brain
function, there is concern about the patient’s ability to understand
or follow test instructions, as well as the ability to reliably score
sleep onset when the EEG is abnormal.
Studies of safety indicate that sleep latency is sensitive to circadian variation when subjects remain awake in the laboratory
under simulated night shift conditions. Both MSLT and MWT
latencies decreased across the night to low points in the early
morning hours. The decreases were greater for MSL on the
MSLT. Thus, subjects remained awake longer when requested to
remain awake, but still fell asleep under conditions of high circadian sleepiness. This indicates that the MSLT and MWT respond
appropriately when sleep wake cycles are reversed and that circadian variation shortens the MSL.
Only a few studies examined driving performance and MSL
measures. In general, sleep latencies were not correlated with
roadway crash history for most patient groups. However, they
were positively correlated with TST before long-distance driving
in subjects without sleep disorders. In laboratory tests, patients
with narcolepsy or sleep apnea had decreased scores on the

Figure 5—Survival plot for 20 minute MWT. The graph shows the
result from one survival analysis. The X-axis is the average score of
four naps. The Y-axis is the cumulative proportion. The lower line
shows 1 minus the estimated survival curve for each score. The upper
line marks the estimated error bound of two SEM.

Figure 6—Survival plot for the 40 minute MWT defining sleep latency as three epochs of stage 1 or the first epoch of any stage. The graph
shows the result from one survival analysis. The X-axis is the average
score of four naps. The Y-axis is the cumulative proportion. The lower
line shows 1 minus the estimated survival curve for each score. The
upper line marks the estimated error bound of two SEM.
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MSLT and poorer simulated driving performance. Apnea patients
treated with CPAP had improved scores on both the MSLT and
MWT, performed better at simulated driving, and also reported
better driving performance on the road. Both sleep deprivation
and alcohol use decreased sleep latencies and resulted in poorer
driving performance. Although it appears that sleepiness and
alcohol have a negative effect on driving performance, it is not
clear how MSL relates to driving performance.
The data on the use of the MSLT or MWT to evaluate safety is
very limited. It is not clear how these results translate to risk
when performing overnight work or other real-world activities.
Although some of the studies employed experienced shift workers, none of the studies linked sleep latency measurements to
actual errors or incidents in the field. Thus, based on current studies, the predictive validity of MSL for safety is not well-established. Consequently, determination of an individual’s excessive
sleepiness and fitness for duty in safety-sensitive positions
should not rely solely on the MSLT or MWT.
In general, this review indicates that the MSLT and MWT have
different strengths and weaknesses. The MSLT appears valuable
for the diagnosis of narcolepsy based on SOREMPs.
Additionally, the MSL on the MSLT seems to reflect an individual’s response to treatment or ingestion of medication. This provides face validity for the MSLT as a measure of sleepiness. In
comparison, the MWT values also reflect an individual’s
response to treatment and medication. The instruction to stay
awake in the MWT results in longer MSL values compared to the
MSLT so consequently the MWT may have more face validity as
a measure to evaluate an individual’s ability to function during
wakefulness. Both the MSLT and MWT have similar weaknesses. In both tests the MSL values overlap extensively in normal

and patient populations limiting the ability to distinguish between
the groups. In addition, the MSLT appears limited by a floor
effect, while the MWT is limited by a ceiling effect. However, the
ceiling effect is slightly diminished in the 40 minute MWT when
latencies are scored to the first epoch of stage 1 since MSL
decreases from the extreme upper values. Finally, there is probably non-linearity in both tests, meaning that a latency change
from 2 to 4 minutes may not be equivalent to a change from 12
to 14 minutes.
SUMMARY AND CONCLUSION
The studies examined in this review indicate that the MSL is
sensitive to conditions expected to increase sleepiness. MSL are
generally lower following sleep loss, following use of sedating
medications, during wakefulness in the late night or early morning hours, and among patients with sleep disorders associated
with excessive sleepiness such as narcolepsy or obstructive sleep
apnea. However, the wide range in MSL makes it difficult to
establish a specific threshold value for excessive sleepiness or to
discriminate patients with sleep disorders from non-patients.
Some of this variation may be attributable to methodological differences and some may be attributable to individual differences
in sleep tendency (e.g., related to age).
The studies analyzed in this review indicate that the MSL on
both the MSLT and MWT does not discriminate well between
patients with sleep disorders and normal populations. This is due
to large SD as well as floor or ceiling effects in the tests.
However, the MSL shows appropriate change from initial testing
to subsequent testing following treatment or manipulations
intended to alter sleepiness or alertness. Additionally the presence of two or more SOREMPs on the MSLT is a common finding in narcolepsy patients. However, SOREMPs are not exclusive
to narcolepsy patients but are frequent in untreated sleep apnea
Table 6—Percentiles for mean sleep latencies on the 40-min MWT
using a sleep latency definition of 10 sec of stage 1or the first epoch
of any stage.
Percentile
pct0-1.5
pct2-3
pct3.5-4.5
pct5-6
pct6.5-7.5
pct8-9
pct9.5-10.5
pct11-12
pct12.5
pct13-14
pct14.5-15.5
pct16-17
pct17.5-18.5
pct19-20
pct20.5-21.5
pct22-23
pct23.5-24.5
pct25
pct25.5-26.5
pct27-28
pct28.5-29.5

Figure 7—Survival plot for the 40 minute MWT defining sleep latency
as the first ten seconds of stage 1 or the first epoch of any stage. The
graph shows the result from one survival analysis. The X-axis is the
average score of four naps. The Y-axis is the cumulative proportion. The
lower line shows 1 minus the estimated survival curve for each score.
The upper line marks the estimated error bound of two SEM.
SLEEP, Vol. 28, No. 1, 2005

139

MSL

Percentile

MSL

4.2
5.3
7.3
10.8
11.5
11.6
12.6
12.8
13.2
13.6
15.8
16.3
16.8
17.1
19.3
21.3
21.8
22.1
22.4
23.5
24.0

pct30-31
pct31.5-32.5
pct33-34
pct34.5-35.5
pct36-37
pct37.5
pct38-39
pct39.5-40.5
pct41-42
pct42.5-43.5
pct44-45
pct45.5-46.5
pct47-48
pct48.5-49.5
pct50
pct50.5-51.5
pct52-53
pct53.5-54.5
pct55-56
pct56.5-57.5
pct58-100

24.1
27.1
28.5
29.3
29.9
30.2
30.5
30.6
32.4
32.5
32.8
32.9
33.5
34.0
34.2
34.4
34.8
36.3
36.5
39.0
40.0
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4.

patients. This underscores the necessity of ruling out or treating
other sleep disorders before interpreting SOREMPs for diagnostic purposes. Finally, the MSL is sensitive to circadian changes
but a relationship between MSL and evaluation of safety in real
life operations has not been established.
Analysis of MSLT normative data, showed that there are many
methodological factors that affect MSL. The four factors that significantly affected the MSL were: number of naps, age, sleep
latency definition and prior TST. Type of protocol (research or
clinical) did not result in significant differences in MSL. The significant effect for number of naps demonstrated longer latencies
with a five nap protocol due to a more prominent “last nap
effect.” Age effects included longer latencies for 50 and 80 year
old age groups compared to all younger age groups. (A significant age effect was also found for the MWT). The significant difference due to sleep latency definition showed that latency to the
first epoch resulted in a significantly shorter MSL than the latency to sustained sleep; however the 0.7 minute difference is probably not clinically significant. Finally, prior TST was inversely
related to MSL showing that shorter TST (mean of 6.6 hours)
resulted in longer MSL than longer TST (mean of 7.5 hours).
This suggests that shorter normal sleepers are not sleep deprived.
However, when normal sleepers are sleep deprived, the MSL is
decreased. Given all the factors that affect MSL it is not possible
to determine one number to represent a normal control mean and
SD for the MSLT. At a minimum, MSL comparisons should be
made to data from a similar age group and for the number of nap
opportunities allowed.
In general, a diagnosis of excessive sleepiness should be made
with extreme care and with as much clinical information as possible. The diagnosis can affect an individual’s job or ability to
drive and, in some cases, public safety. Based on current evidence, the MSL should not be the sole criterion for determining
sleepiness or for certifying a diagnosis or response to treatment.
Interpretation of test results should be made within the context of
the individual patient history and as part of other medical information and testing.
Future research would benefit from standardized protocols for
the performance of the MSLT and MWT sufficiently detailed to
limit variability and provide control of extraneous factors.
Subsequent research should be directed at addressing the specific operating characteristics of the MSLT or MWT across different patient groups and ages as well as evaluating other objective
and subjective tests for excessive sleepiness. Evaluation of all
tests on varying sleep wake cycles should also be undertaken.
Since the MWT may be particularly useful in situations where the
ability to remain awake is being assessed, studies examining the
relationship between MWT data, safety, and occupational risk in
“real life” circumstances are needed.
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