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ABSTRACT

This dissertation project was designed to examine the relationship between alpha sleep and
infonnation processing during sleep in persons with fibromyalgia. The study tested the
following hypotheses: 1) persons with alpha sleep are more sensitive to external stimuli
during sleep than non-alpha sleepers 2) alpha sleepers are more likely to identify
polysomnographically defined sleep as wakefulness than non-alpha sleepers and 3) alpha
sleepers are more likely to complain of shallow and non-r~torative sleep than non-alpha
sleepers. To assess the extent to which subjects manifested alpha sleep, subjects were
allowed to sleep undisturbed for the first 60 minutes of the study. Quantitative analyses of
alpha activity during this period was perfonned via visual assessment, signal detection and
power spectral technologies. After this period elapsed, two experimental tasks were
conducted to test for infonnation processing and memory during sleep. The first task
was a test of both implicit and explicit memory for auditory stimuli presented during sleep.
T~e second

task was a test of short tenn memory and of subjective perception of sleep

during polyso~nogmphically defined stages of sleep. It was found that alpha activity
. occurring during sleep in fibromyalgic patients is not associated with increased long term
memory for auditory events or the myalgia symptoms of fibromyalgia, but is associated
with enhanced short term memory for stimuli presented during stage 2 sleep, the tendency
to identify stage 2 sleep as wakefulness, the increased tendency to arouse in relation to
auditory stimuli and the perception of shallow sleep.
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INTRODUCTION
Alpha sleep is a descriptive term for one of the diagnoses of "atypical polysomnographic
findings". It denotes a state wherein the electroencephalogram (EEG) of sleep is comprised
of not only theta (3-7.0 hz) and delta (.50-2.5 hz) but also alpha levels (8-12 hz)(*) of BEG
activity. This latter fonn of EEG is typically associated with relaxed wakefulness and not
sleep. Alpha sleep was first described by Hauri and Hawkins in 1973 and was originally
found to occur in the sleep of psychiatric patients. Alpha sleep has been subsequently
identified in association with fibromyalgia. rheumatoid arthritis, posttraumatic stress
disorder, pain disorders, depression, chronic fatigue syndrome, AIDS, and in subjects with
undisturbed sleep (Moldofsky, Lue & Smythe, 1983; Fredrickson & Krueger, 1989; Ware,
Russell & Campos, 1986; Whelton, Saskin, Salit, & Moldofsky 1988; Norman, Kiel, Nay,
Demirozu, Dunbar, & Cohn, 1989; Scheuler, et al., 1988.) Pictured below in figure 1 are
examples of stage 2 sleep with low and high amounts of alpha activity.

FIGURE 1.1
STAGE 2 SLEEP WITH LOW AND HIGH AMOUNTS OF ALPHA ACfIVITY
LOW ALPHA

HIGH ALPHA
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(*) Please note that the various EEG bandwidths are defined slightly differently depending upon the literature,
e.g., polysomnography vs electroencephalography.
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Polysomnographic evaluation of the sleep of fibromyalgia patients reveals that 60-70%
exhibit alpha sleep patterns (Ware, Russell & Campos, 1986; Moldofsky, Scarisbrick,
England & Smythe 1975). In the present study, fibromyalgia patients were recruited in
order that a large sample of alpha sleepers would be obtained.
FlBROMYALGIA SYNDROME

Fibromyalgia, also known as fibrositis, is a chronic pain syndrome which is
subjectively like rheumatoid arthritis. The syndrome is found in 15% to 20% of patients
who have been diagnosed with rheumatological disorders (Cam, 1989). The primary
symptom associated with the syndrome is deep muscle tenderness (myalgia). The myalgias
occur in a variety of sites including: the neck and shoulders, the forearms, the small-of
the-back, and the thighs. Fibromyalgic patients also complain of morning aching, poor
appetite, chronic fatigue, sleep disturbance and non-restorative sleep. Fibromyalgia tends to
occur more frequently in females than in males. Caro (1989) estimates that fibromyalgia
occurs 9 to 10 times more frequently in females. This estimate is in keeping with the
American Sleep Disorders Association's estimate that there is a 8: 1 sex ratio in favor of
females. Fibromyalgic symptoms may present at any age, but the typical age of onset is
between 45 and 55 years old. Predisposing factors may include "prior flu-like febrile
illness" (American Sleep Disorders Association, 1990), posttraumatic stress reactions
(Moldofsky, et al., 1975) and habitual inactivity (Bennett, 1989). Although there is no
evidence for a familial tendency, there is some evidence that blacks may be less affected by
fibromyalgia than hispanics or caucasians (Felson, 1989).
Unlike many musculoskeletal conditions, definitive physical pathology has not been
found to be associated with fibromyalgia (Moldofsky, et al, 1975). Although the etiology of
fibromyalgia is unknown, recent investigations have implicated blood flow abnormalities,
tissue hypoxia, chronic muscle spasm and immunological dysfunctions as potential

12
pathogenic factors (Caro, 1989).
DIAGNOSIS OF FlBROMYALGIA

According to Moldofsky, et al. (1975; 1976), the diagnosis of fibromyalgia includes
both objective and subjective components. The objective component is the presence of
"local point tenderness" in the absence of musculoskeletal abnonnalities; the subjective
component includes complaints of aching and stiffness, chronic fatigue, poor work
tolerance, morning aching, weather effect, and poor appetite. Aching and stiffness must
persist for more than 3 months for the condition to be considered "chronic". Apart from the
above considerations, fibromyalgia patients may also experience emotional distress and
present with the sleep disorders of alpha sleep and nocturnal myoclonus (American Sleep
Disorders Association, 1990). Many of the symptoms associated with fibromyalgia may
also be found in a variety of other disorders (e.g., rheumatoid arthritis, posttraumatic
stress disorder, pain disorders, depression, chronic fatigue syndrome, etc.). Careful
differential diagnosis is therefore required. The formal diagnosis of fibromyalgia is
delineated in table 1.
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TABLE 1.1
FIBROMYALGIA CRITERIA
A. Complaint of unrefreshing sleep and myalgia.
B. The myalgia is not associated with other musculoskeletal disorders.

c. Firm, tender zones are found within the muscles, particularly

those of the

neck and shoulders.

D. Polysomnography demonstrates:
1. Alpha (7.5-11 hz activity) during NREM, particularly stage 3 and stage

4 sleep.
2. An MSLT that demonstrates a nonnal mean sleep latency.
E. No evidence of any medical disorder that could account for the symptoms,

particularly the rheumatic disorders.
F. Other sleep disorders can be present, but are not the cause of the myalgia.

Severity:
Mild: Muscle discomfort that does not occur daily.
Moderate: Muscle discomfort that occurs on a daily basis, but is not severe
enough to require analgesic therapy.
Severe: Muscle discomfort that requires treatment with analgesic medications.
Duration Criteria
Acute: Duration 7 days or less.
Sub-acute: Duration of more then 7 days but less than 3 months.
Chronic: Duration 3 months or longer.

(Adapted from American Sleep Disorders Association. The International Oassification of Sleep Disorders;
Diagnostic and Coding Manual. 1990)
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ALPHA SLEEP AND FlBROMYALGIA

Moldofsky and colleagues (1975) have suggested that alpha sleep is pathogenically
related to both the musculoskeletal symptoms of fibromyalgia and complaint of
non-restorative sleep. They argue that alpha sleep is pathogenically related to the
musculoskeletal symptoms in fibromyalgia based upon; (1) the results of a study in which
both alpha sleep and muscle tenderness were evoked in healthy subjects via the presentation
of arousing auditory stimuli during slow wave sleep and (2) the clinical observation that
fibromyalgia patients tend to experience a great deal of musculoskeletal discomfort
immediately upon awakening (Moldofsky, 1989).
As for the relationship between non-restorative sleep and alpha sleep Moldofsky
states that :
The presence during NREM sleep of what is considered to be a waking
rhythm (alpha) suggests the operation of an internal arousal, alpha
induction mechanism in competition with NREM sleep... Such
competition might impair the presumed restorative function of NREM
sleep... (p. 350).
Similar to Moldofsky's position, Scheuler, Stinshoff and Kubicki (1983) propose that
alpha sleep may correspond to:
... the persistence of a partial level of sub-wakefulness or a sub-arousal
stage; this then could suggest that the level of sleep depth is somewhat
less lowered than indicated by the on-going regular sleep patterns (p.
189).
Both authors seem to suggest that the presence of a waking level of EEG activity
during sleep may be taken as an indicator that alpha sleep is not sleep, per se, but rather a
mixed state of consciousness; a state in which the sleeper is simultaneously asleep and
awake. Since the alpha sleeper is thought to be, at some level, "awake", it seems to follow
that he/she might be more sensitive to environmental stimuli and therefore less likely to
perceive sleep as "sleep".
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AlPHA ACI1VI1Y DURING WAKING

A fair amount is known about alpha activity during the wakeful state. The alpha
"band" is defined as being from 8 to 13 Hz with voltages mostly below SO J4v in the adult
(Glossary of Terms Used in Electroencephalography, 1983). The alpha wave formation or
alpha rhythm appears to be very regular and each wave within the wave formation appears
morphologically similar (Kiloh & Osselton 1961). Put differently, during a "run" of alpha
activity, the waves have roughly equal wavelengths and similar peak voltages. These
characteristics which make the alpha wave appear "regular" also contribute to its
characterization as a synchronized form of EEG. Synchronized EEG refers to a pattern of
EEG activity that is associated with non-aroused cortical states (Kolb & Wi shaw, 1985).
Alpha activity is produced occipitally and parietally when a subject has hislher eyes
shut and is not engaged in demanding cognitive tasks (Glossary of Terms Used in
Electroencephalography, 1983). Since occipital alpha occurs when the subject has their
eyes shut, and is therefore not processing visual information, it is thought to alpha activity
corresponds to the fact that the occipital cortex is not activated (Kiloh & Osselton 1961).
Subjects generating alpha under such conditions, however, remain capable of processing
information from non-visual sense modalities. Afferent stimulation may, however, cause a
reduction in alpha activity (Kiloh & Osselton 1961).
ALPHA ACfIVIlY DURING SLEEP

Alpha sleep was first described by Hauri and Hawkins (1973) and termed alphadelta sleep. Their perspective on the phenomenon was that it constituted a pathological
sixth stage of sleep. Their definition of the phenomenon was therefore geared toward
distinguishing alpha-delta sleep from normal delta sleep (i.e., stages 3 & 4 sleep). Hauri
and Hawkins defined alpha-delta sleep as an EEG defined sleep stage which consists of
5-20% delta waves mixed with large amplitude alpha waves. (These alpha rhythms are
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usually 1-2 cps/sec slower than waking alpha). They further noted that alpha-delta
appears to replace delta sleep in some patients with chronic, somatic malaise and fatigue.
The view that alpha-delta is a distinct stage of sleep is not currently accepted
(Scheuler, Stinshoff & Kubicki, 1983). The modem point of view is that alpha activity
may be present throughout NREM, although most prevalent during slow wave sleep (i.e.,
delta sleep). It has also been noted that there is a tendency for alpha activity to occur more
frequently during the first half of the night The latter

consid~ration

is, only in part, due to

alpha activity's tendency to occur during slow wave sleep. There also appears to be a time
of night effect thatis independent of sleep stage distribution considerations (Scheuler,
Stinshoff & Kubicki, 1983).
The component of the sleep EEO that is identified as "alpha activity" is in some
ways like waking alpha activity. First, the "alpha" signal during sleep is, primarily, an
alpha frequency, i.e., the activity observed typi~ly ranges from 7.5 to 11.0 hz
(M~ldofsky,

1984). Second, the alpha signal often occurs as a rhythm (Scheuler, et

al.,I983), altho~gh frequently as an "intercurrent" rhythm (Moldofsky, 1975). Intercurrent
refers to complex wave formations that exhibit two signals simultaneously, i.e., a primary
wave formation with another, different signal riding on top. Third, it is likely that alpha
activity during sleep occurs while the individual's eyes are shut.
Unlike waking alpha activity, alpha activity occurring during sleep is generated,
predominately, in the frontal and central' regions of the cortex. This topographical
distinction led some researchers to describe alpha activity occurring during sleep in terms
of other EEG terminology. For example, Shackel and Home (1987) use the term "kappa"
to describe frontal alpha occurring during sleep. Kappa rhythm is thought to be associated
with concentrated mental activity (Kiloh & Osselton, 1961). Thus, the use of the term
"kappa", as opposed to alpha, suggests that the alpha sleeper is engaged in mental activity
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without necessarily being "awake".
Currently, there is much disagreement as to; (1) what the behavioral/cognitive correlates
of alpha sleep are and (2) what amounts of alpha sleep are, or are not, related to
pathological tiredness and/or myalgia (Physiologic & Clinical Aspects of Alpha EEG
Sleep, Workshop, APSS Meeting, 1990). These issues will be evaluated in the following
two sections.
ALPHA ACIlVI1Y DURING SLEEP AS AN INDICATOR OF WAKEFULNESS

Although it seems intuitive that a waking level of EEG should not occur during
sleep, there is little evidence that the alpha activity occurring during sleep is actually an
indicator of shallow sleep or wakefulness. There is, however, a good bit of clinical lore
which suggests that alpha sleep is experienced as light sleep, i.e., sleep that is either easily
disturbed by environmental stimuli or characterized by excessive mentation (Moldofsky,
1989). The clinical lore is supported by logic that the amalgamation of sleep EEG activity
and waking EEG activity should produce, in some form, light sleep.
The combination of logic and lore has discouraged the experimental investigation of
alpha sleep. There have been only a few studies that demonstrate that alpha activity emitted
during polysomnographically defined sleep is associated with shallow sleep, wakefulness,
or increased information processing (increased vigilance).
Hauri and Hawkins (1973) note in their original description of alpha sleep that the
auditory awakening thresholds during alpha-delta were higher than during stage 2 sleep
and that mentation during alpha-delta seemed to be more dream-like than is usual during
NREM sleep. Although only a case study, these observations suggest that alpha sleep is
somewhat like REM sleep. In other words, if awakened, the individual may report
ongoing and elaborate mental activity; the individual is not, however, easily awakened.
Thus, like REM sleep, alpha sleep may be associated with a state of mental activation that
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does not make the individual vulnerable to arousal from external stimuli.
More recently, Engle-Friedman, Baker and Bootzin (1985) evaluated an alpha
sleeper for vigilance to auditory stimuli. The study involved three subjects evaluated for six
nights each. One subject, Insomniac A, was diagnosed as having a subjective disorder of
initiating or maintaining sleep (DIMS). The second subject, Insomniac B, was diagnosed
as having DIMS with atypical polysomnographic features (i.e., alpha sleep) while the final
subject was a "good sleeper" control. Each subject was presented randomly generated
alphabetic letters throughout the night Subjects were awakened 30 times over the course of
three non-consecutive nights. The investigators found that the good sleeper identified
50% of the letters last heard before being called in stage wake and 0% in all other
stages. Insomniac A identified 100% of the letters heard in stage wake and 0% in all
other stages. Insomniac B (the alpha sleeper) identified 100% of the letters heard in
stage wake, 50% in stage 2, 17% in SWS and 50% in REM. The results of
Engle-Friedman, Baker and Bootzin (1985) suggest that the alpha sleeper is unusually
vigilant with respect to external stimuli. In addition to being unusually vigilant, the alpha
sleeper also frequently reported being awake during polysomnographically (PSG) defined
sleep. The combination of these results suggest that the alpha sleeper is, throughout much
of the night, in a state that is perceived by the sleeper as wakefulness.
Anch, Saskin and Moldofsky (1989) systematically evaluated the possibility that
alpha sleepers are "awake" during polysomnographically defined sleep. In their study
subjects were asked to press a button, which was taped in the subjects' palms, every time
they perceived themselves to be awake. These researchers found that the normal subjects
and the alpha sleepers did not differ with respect to behaviorally signaled awakenings
(button presses). The alpha sleepers did, however, remember more accurately in the
morning the number of times they actually "button pressed" .
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All three studies suggest that alpha sleep is associated with unusual levels of
nocturnal arousal. The authors differ, however, as to the locus of the arousal. Hauri and
Hawkin's suggest that there is a high level of internal arousal, i.e., ongoing mentation,
associated with alpha sleep. Engle-Friedman, et al., suggest that alpha sleep allows the
individual to process external stimuli. Anch, et al., suggest that alpha sleepers, although
not more awake on behavioral measures, are better able to transfer transient events into
long term memory during the sleep period.
The latter two findings are complimentary. Both posit that alpha sleep alters
memory function during sleep. These alterations may allow the sleeper to process
information in a way that is not characteristic of normal sleep.
INFORMAnON PROCESSING DURING SLEEP

To some extent all individuals process sensory information during sleep. Evidence
for this derives from, for example, the fact that people rarely fallout of bed during the
night. This implies that, at the very least, the sleeping individual monitors his/her position
in space. Similarly, it has been empirically demonstrated that sleeping humans are
differentially sensitive to auditory stimuli. More specifically, the sleeper may not arouse to
very intense neutral auditory stimuli but may awaken in response to novel or meaningful
stimuli that are barely above waking auditory thresholds (Williams, Hammack, & Daly,
1964; Oswald, Taylor, & Treisman, 1960). These data imply that cortical discriminations
may be made vis-a-vis incoming auditory stimuli. Such discriminations, however, appear
to be made in the absence of conscious awareness or explicit memory for the event It is
possible, therefore, that complex discriminations are made during normal sleep (i.e.,
discriminations that require some level of cortical processing) but these events are not
logged into long term memory unless the subject arouses or awakens for a certain amount
of time after the stimulating event (Kokkou & Lehmann, 1968; 1973; Lehmann &
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Kokkou, 1974). This scenario is consistent with the suggestion that" ... sleep closes the
gate between short-term and long-term memory stores" (Carskadon & Dement, 1989).
Since normal subjects cannot explicitly recall or recognize information presented to
them in their sleep, it was recently hypothesized that normal subjects might retain
information implicitly (Wood, 1990; Wood, Bootzin, Kihlstrom & Schacter. 1992). The
concept of implicit memory entails a distinction between explicit and implicit memory. The
former involves conscious recollection, whereas the latter is evidenced by enhanced test
performance in the absence of conscious recollection (Schacter, 1987). For example, one
might play the word pair "TORTOISE-HARE" to an individual while he/she is asleep, and
then, at some later point, awaken the subject and ask (1) if he/she recalls any of the words
that were presented during sleep and (2) would he/she spell the word "hare". Evidence
of implicit memory would entail that the individual not ~I having heard the word pair
"TORTOISE-HARE" but that they, when asked, spell the word hare as "hare" rather than
"hair". When subjects reliably spell target words in accordance with the less common
spelling of two homophones, this is taken as evidence for the impact of, unrecalled, prior
exposure. This particular implicit memory task is referred to as a cued-homophone task.
The distinction between implicit and explicit memory has been particularly useful in
the study of memory functioning in amnesiacs. Amnesiacs are able to perform normally on
certain implicit memory tasks despite substantial explicit memory deficits. For example,
Warrington and Weiskranttz found that amnesiacs patients, although unable to perform
normally on recall or recognition tests, "...could show normal retention of a list of familiar
words when tested with word-stem or fragment cues" (cited in Schacter, 1987).
Since sleep may be considered analogous to an amnesic state, it was hypothesized
that individuals may be able to retain information presented during sleep implicitly. This
hypothesis was tested by Wood et al. (1990; 1992) and it was found that normal ~ubjects
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do not exhibit implicit recall for two types of semantic priming tasks: a cued-homophone
task and a category instance task. Both of these tasks test for implicit recall and are tenned
"semantic priming" because they tap a semantic level of infonnation processing, i.e., the
tasks require that individuals process, at some level, the meaning of a word in order to
successful peIfonn the subsequent "memory tests". Wood (1990) concluded that, "... the
present study found no evidence of implicit memory for verbal material presented
during sleep... " (p. 84).
More recently, Bootzin, Heming, Pertis, Wyatt and Schacter (1991) evaluated
memory functioning during sleep in a sample of 19 nonnal subjects. This study employed
two experimental tasks: one to measure the registration and short tenn memory effects of
auditory stimuli (alphabetic letters), and the second to measure the long-tenn explicit and
implicit memory effects of the structural priming of common words. During the first
experimental task subjects were played randomly generated alphabetic letters during sleep
and then were awakened 10 seconds after selected presentations and asked to identify the
last letter heard (see also Engle-Friedman, et al., (1985». During the second task, subjects
were presented with 18 words, presented at two to three minute intervals, starting at "lights
off". Subjects were awakened and tested five minutes after the presentation of the 18th
word. The tests of explicit memory were free recall and a recognition test. T~e test of
implicit memory was a structural priming test in which subjects had to identify presented
and unpresented words imbedded in white noise. The implicit memory task used in this
study differed from that used by Wood et al. (1989; 1992) in that the present task only
required that subjects process the structure of the word presentation (that is what the word
sounded like) as opposed to its meaning.
Bootzin, et al.'s investigation, despite the use of a more sensitive measure, was
unable to uncover evidence for sleep-to-wake transfer of infonnation for stages of sleep
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deeper than stage 1. The authors' concluded that "Stage 2 and slow wave sleep appear to
produce a fonn of anterograde amnesia" (Bootzin, et aI., 1991).
The aforementioned investigations (Kokkou & Lehmann, 1968; 1973; Lehmann &
Kokkou, 1974, Wood et aI., 1990; 1992; Bootzin et aI., 1991) strongly suggest that, in
normal subjects, there exists no evidence of sleep-to-wake transfer of information on either
explicit or implicit measures of memory function. Unlike nonnal subjects, there is evidence
that alpha sleepers engage in information processing during sleep and are able to transfer
infonnation presented during sleep to wakefulness (Engle-Friedman, et al., 1985; Anch, et
aI., 1989).

The present investigation sought to further explore the issue of infonnation
processing during sleep (using both implicit and explicit measurement strategies) and its
possible relationship to arousal and perception of sleep in fibromyalgic alpha sleepers.
EMPIRICAL QUESTIONS FOR TIlE PRESENT STIJDY

The present investigation evaluated the following questions:
1. Do alpha sleepers show more explicit or implicit memory for auditory stimuli presented

during sleep than non-alpha sleepers ?
2. Do alpha-sleepers more frequently identify PSG defined sleep as wakefulness than
non-alpha sleepers? If so, is this effect particularly evident in one or more sleep stages ?
3. Do alpha sleepers evidence more arousal in response to auditory stimuli then nonalpha sleepers? If so, is this effect evident in one or more EEG sites or for a particular subband within the alpha bandwidth ?
4. Is there a relationship between amount of alpha activity present during sleep and the
subjective complaints of fibromyalgia ?
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MEfHODS
SUBJECfS

Fibromyalgic patients were identified by 1) contacting rheumatologists in the
Tucson and Phoenix areas and 2) via the Fibromyalgia Network support group. Letters and
information about the study were sent to prospective subjects. Sixty-three people
diagnosed with chronic moderate to severe fibromyalgia were contacted; forty-three of
which indicated that they were willing to participate in the stu~y. All 43 subjects completed
a preliminary screening questionnaire (see appendix A) which was used to evaluate
prospective subjects for sleep apnea, for medical complications, and for medication use
that would either impinge on memory functioning or confound the alpha assessments.
Subjects with the formal diagnoses ofsleep apnea or with sleep apnea type symptomology
(snoring, obesity, perceived or witnessed apneas) were automatically excluded from the
study. Subjects with medical disorders other th~ fibromyalgia were excluded if it was
thought that the disorder might confound the protocol (e.g., Alzheimer disease or hearing
impairments).

~inally~

subjects were initially excluded if they were taking either

benzodiazepines or tricyclics. Both medications types have memory altering effects and
alter the sleep EEG. The former potentiates alpha/beta activity, while the latter diminishes
such activity occurring during sleep. It was not possible, however, to obtain a medication
free sample of subjects as the majority of the volunteers were being treated
pharmacologically (see appendix B).
Thirteen subjects were excluded from the study because they reported sleep apnea
type symptomology. Six subjects were excluded, before.the medication exclusionary
criteria was abandoned, because they were taking benzodiazepines or tricyclics and one
subject was excluded from the study because she exceeded an arbitrary age cutoff for
inclusion « 80 years of age). Finally, four subjects dropped out of the study after having
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been recruited. The remaining sample consisted of twenty female fibromyalgic subjects
(ages 34 through 75; X=53, SD=12.)
PROCEDURE

Each subject spent a single night in the laboratory. Subjects arrived at 8:00 PM,
signed a consent form (see appendix C), were shown the various instruments, and then
prepared for polysomnographic study. After the electrodes and miniature earphones were
affixed, and the various instruments were calibrated, subjects retired and were allowed to
sleep undisturbed for 60 minutes after the first sleep spindle. After the 60 minutes elapsed,
subjects were awakened for a two minute period, administered the instructions for task 1
(see appendix D) and then instructed to "go back to sleep". Task 1 was designed to
measure the effects of structural priming on explicit and implicit memory (see also Bootzin
et al., 1991).
During Task 1, 18 words were presented, one word per presentation, at
approximately three minute intervals starting at" lights off". Word presentations were
delivered to the subject - at low volume - via miniature headphones. Subjects were
awakened five minutes after the last word presentation and were tested for explicit and
implicit recall on three different memory tests: (1) a free recall test, (2) a white noise
discrimination test, and (3) a recognition test In the free recall condition subjects were
instructed to write down all the words they heard while they were asleep (see appendix 4).
In the white noise condition subjects were instructed. to write down each of the words that
they heard presented over the ear phones during the testing session. The presentation
words for this task included the 18 words which were actually presented during the sleep
period and an additional 18 unpresented words which were used to determine base rate
performance levels. For this task, all 36 words were embedded in white noise. In the
recognition condition subjects were told to select the items they recognized, from a list of
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36 words, as having been presented during sleep. As with the white noise task, only 18 of
the words were actually presented. After the various memory tests were administered
subjects were instructed regarding the second task and told to return to sleep (see appendix
E)

During Task 2, single, random, alphabetic letters were played, at a low volume,
for the remainder of the night. Letters were presented every two to three minutes.
Subjects were awakened ten seconds after selected presentations from wake, stage 2, slow
wave sleep and REM and asked" were you awake or asleep when called" and "what was
the last letter you heard". When possible, two awakenings from each stage of sleep were
obtained. Subjects were only awakened if at least two minutes of sleep had occurred prior
to the stimulus presentation and the previous awakening had occurred during a different
stage of sleep. After the 8th awakening, subjects were allowed to sleep undisturbed. Task
2 was designed to test how well subjects are able to retrieve information from short term
memory (see also Bootzin et al., 1991).
MEASURES

Sleep Diaries. All subjects were mailed a sleep diary on the day that they were scheduled
for their laboratory study. Subjects were instructed to make daily entries and continue
keeping the diary until they participated in the laboratory portion of the study. Recorded in
these diaries were: bedtime, time of awakening, estimated total sleep time (ErST),
assessments of depth of sleep (DEPfH), feelings of "refreshment" upon awakening in the
morning (FRESH), number of myalgic "hot spots" (SITES) and estimates of muscular
pain upon awakening (TPAIN) (see appendix F). All subjects completed at least three days
worth of diary entries and in all cases the third entry was for the night immediately
preceding the laboratory study. The data for each of the above variables were compiled by
averaging across the three nights' worth of data acquired. Subjects also completed a diary
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entry on the morning following the laboratory study.
Polysomnographic Recording System. Polysomnographic recordings were made with a
Grass model 8-16E electroencephalograph. Grass miniature silver chloride surface
electrodes (5 mm in diameter) were used for obtaining the electroencephalograms (EEGs),
electrooculograms (EOGs) and the electromyograms (EMGs). Five EEGs were obtained,
according to the 10-20 system technique (Jasper, 1958), from the following areas: frontal
(Fpl), central (C3), temporal (T3), parietal (P3) and occipital (01). Only left hemisphere
EEGs were acquired in order to keep the number of EEG sites to a minimum. Left
hemisphere, as opposed to right hemisphere, derivations were used in order to increase the
likelihood of observing auditory/language effects. EEG amplifiers were set on a sensitivity
of 7.5 j.4v/mm with a frequency bandwidth of 0.3 to 35 Hz. EOGs and the mentalis EMG
was obtained in the fashion described by Rechtschaffen and Kales (1961).
AuditoQ' Stimuli. Word selection, natural voice recordings and white noise encrypted
recordings were accomplished by Schacter and Church (1992). These investigators
constructed two digitally mastered word lists consisting of 24 items each. The lists were
matched for frequency, concreteness, and length (Pavio, Yuille & Madigan, 1968). The
individual words were derived from four semantic categories (animals, places, occupations
& foods) and the words themselves were recorded by six different speakers (three male
and three female). In the present study, 36 of Schacter and Church's original 48 words
were utilized. Twelve words from each list were randomly selected from amongst three of
the original four semantic categories (animals, places & occupations). The new word lists
were balanced to ensure that they contained an equal number of male and female voices
and were recorded, in different random orders, on to four cassette tapes. Each of the 36
white noise encrypted words were re-recorded to a single cassette tape for use during the
structural priming test condition. The inter-stimulus intervals for the presentation tapes
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were detennined by allowing a fixed number of turns on the tape counter to elapse after
each word or letter was recorded. This technique provided for inter-stimulus intervals
which were two to three minutes in duration. The alphabetic letter stimuli were recorded in
analog fashion, had inter-stimulus intervals of two to three minutes in duration, and the
letters themselves were recorded by one speaker (male).
Auditory Stimuli Delivery System. Each subject wore Labtec miniature earphones which
fitted into the auricular creases of both pinna. The earphones were connected in series to a
sound modulating & indicator device and then to a JV C (PC-V7T) dual cassette audio
recorder located in the control room. The sound modulating & indicator device allowed the
experimenters to: 1) differentially adjust the volume of the auditory stimuli so that word
and letter presentations could be played at one volume in the control room and at another
volume to the subject, and 2) mark precisely on the analog and digital records when the
auditory stimuli had been presented (both stimulus onset & duration).
Sleep Scoring. Every 30 second epoch of each subject's polysomnogram was scored for
stage of consciousness according to Rechtschaffen and Kales' (1961) criteria. Scoring was
accomplished by single rater who was trained and exceeded an interrated criterion of 90%.
When problematic epochs were identified, two scorers discussed the.epoch and came to a
joint decision about it.
Sleep Scoring and Word Presentations. Epochs containing word presentations were
evaluated a second time in order to detennine whether the auditory stimuli occurred in
association with arousals. Only words occurring during uninterrupted sleep where used
in the analysis of each subjects' perfonnance on the memory tasks. Acceptable word
presentations had to occur in the absence of IS or more seconds of alpha or movement
activity (prior to or following the stimulus presentations). Microarousals were also
quantified in tenns of 1) how much alpha activity occurred within in a 10 second ~indow
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surrounding the stimulus presentation and 2) whether or not K-complexes or EMG
activity occurred within two seconds of the auditory presentation. Each subjects'
performance was summarized by calculating the percent of the words correctly identified
for each stage of sleep.
Alpha Assessment. Subjects were categorized as high alpha (HA) or low alpha (LA)
sleepers based upon the alpha activity evident during the first 60 minutes of sleep. Alpha
categorizations were made using power spectral assessments (PSA) of each subjects'
sleep EEG. PSA was accomplished using Stellate Corporation's Rhythm software. Alpha1 (7.50-9.50 Hz) power spectral values for each of the EEG sites were obtained for all 20
subjects. Median alpha-l values were calculated for each EEG site. Subjects who
exhibited greater than median alpha-l levels at three or more of the EEG sites were
assigned to the high alpha group. Subjects who exhibited less than or equal to median alpha1 levels at each of the EEG sites were assigned to the low alpha group. As a result of this
categorization technique, 9 subjects were assigned to the high alpha group and 11
subjects were assigned to the low alpha group. Both groups contained only female
subjects and the groups did not significantly differ as to age.
Eighteen of the 20 subjects were also evaluated for alpha activity using a
Microtronics SAC system. This system provides estimates of alpha activity, as derived
from C3, in terms of seconds/epoch. When using a median split technique on this
measure, it was found that the two methods yielded the same categorization in 78%
(14/18) of the cases.
All records were also visually inspected and it was determined that 65% (13/20) of
the subjects in this study exhibited clinically significant amounts of alpha activity.
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RESULTS
INFORMATION PROCESSING DURING SLEEP

High Versus Low Alpha Sleepers. To evaluate whether alpha sleep affected explicit and
implicit long term memory, the task 1 performance of subjects was analyzed by a 2*2
ANOVA for the free recall test (free) and by two 2*3 ANOVAs for the recognition
(recog) & structural priming (white) tests. The ANOVA's had 1 between subjects factor
(high alpha and low alpha groupings) and 1 within subject factor (sleep stage). Since the
majority of the subjects in this study only obtained Stage 2 sleep during the second hour
of sleep, only presentations occurring during PSG defined wakefulness (Wake), Stage
2 sleep (STG 2) were utilized in these analyses. The third level of the within subjects
factor (for the recognition and structural priming tests) was subjects performance on
words that had not been presented during sleep (not-presented). As can be seen in table
2, none of the group * sleep stage interactions approached significance (p<.10). It is
therefore evident that the high alpha sleepers did not process more information, explicitly
or implicitly, into long term memory than the low alpha sleepers.

TABLE 3.2
PERFORMANCE ON THE LONG TERM MEMORY TESTS
(WORD TASK)
HIGH ALPHA
FREE
WHITE
RECOG

WAKE
38.24
48.20
41.06

LOW ALPHA

STG2 NOT -PRESENfED
0
32.39
25.34
7.53
4.74

WAKE STG2 NOT -PRESENTED
38.44 0.84
47.47 23.84
27.73
53.43 13.81
19.11

None of the above group*stage interactions have a p value of less than or equal to .10
Values in the table are mean of the mean percentage per subject
Note: STG2 Stage 2 sleep

=
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It should be noted that a main effect was evident for sleep stage (p<.05). Post hoc t-test
comparisons revealed that the subjects waking performance was significantly better than
their STG 2 performance.
In task 2 (short term memory task) group differences were evaluated by t-test for
each stage of sleep. It was found that the high alpha group did not identify significantly
more of the letters presented during PSG defined sleep than the low alpha sleepers (see
table 3).

TABLE 3.3
PERFORMANCE ON THE SHORT TERM MEMORY TASK
(ALPHABET TASK)
HIGH ALPHA
WAKE

94.44% (9)

REM

25.00% (8)

STG2.
SWS

o%

37.04% (9)
(7)

LOW ALPHA
95.45 % (11)
22.22 % (9)
33.33 % (11)
0%

(4)

None of the above comparisons have a p value of less than or equal to .10
Values in the table are mean of the mean percentage per subject
. Values in parentheses are the number of subjects

Finally, the groups were compared as to their tendency to identify PSG defined
sleep as wakefulness. Individual t-tests were run for wakefulness, Stage 2 (STG2), REM
(REM) and slow wave (SWS) sleep. As can be seen in table 4, the groups did not
significantly differ with respect to sleep state misperception.

31

TABLE 3.4
IDENTIFICATION OF SLEEP AS WAKEFULNESS
HIGH ALPHA
WAKE
REM

100 % (9)
25.00 % (8)

STG2
SWS

42.86 % (7)

61.11% (9)

LOW ALPHA

100 %

(11)
16.67 % (9)
62.88% (11)
12.50 % (4)

None of the above comparisons have a p value of less than or equal to .10
Values in the table are mean of the mean percentage per subject
Values in parentheses are the number of subjects
In sum, and contrary to expectation, the high alpha sleepers did not evidence
enhanced test performance on the explicit short term or long term memory tasks, or on
the implicit memory task. Furthermore, the high and low alpha groups did not differ
significantly in their tendency to identify PSG defined sleep as wakefulness.
It is possible that the failure to distinguish between the high and low alpha sleepers
on all of the above tasks may be related to the way in which alpha sleep was assessed,
i.e., the alpha assessment based on the first NREM cycle may not characterize the alpha
activity occurring during the remainder of the night!. In order to accommodate this
possibility, each of the above analyses were re-run using the average pre-stimulus alpha
levels to determine which subjects were high and low alpha generators. Despite the use of
temporally contiguous measures of alpha activity, no group differences were observed
on any of the tasks.
1. In order to assess the validity of the first hour alpha assessments, these measures were correlated with the
avemge pre-stimulus alpha levels for each of the time periods corresponding to the two information processing
tasks. The early night and later night assessments were, for the most part, significantly correlated (see
appendix G).
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Fibromyalgic Patients Versus College Subjects. It is possible that the contrast between
the high and low alpha groups was not sufficiently robust as to allow for the detection of
perfonnance differences and therefore it is possible that the fibromyalgic group as a
whole may exhibit enhanced infonnation processing d~ring sleep if they were to be
compared to nonnal subjects. Since our laboratory, as mentioned in the introduction, had
previously evaluated memory functioning during sleep in a sample of 19 nonnal college
subjects and since the tasks employed were the same as those used in the present study
(Bootzin et al., 1991) it was possible to test this possibility. It should be noted that the
college sample contained 6 males and 13 females (ages 17 through 21) and that these
subjects were awarded experimental credits for their participation.
To evaluate whether the fibromyalgic subjects actually generated more alpha activity
than did the college students, average alpha-l and alpha-2 values for the pre-stimulus
EEGs were obtained for each subject This measure represented the average of each of
the subjects' five EEGs for both word and letter presentations. It was found, using two ttests, that the fibromyalgic group did exhibit significantly more alpha-l and alpha-2
activity than the college subjects (see table 5).
TABLE 3.5
ASSESSMENT OF ALPHA ACTIVITY DIFFERENCES
ALPHA -1

BEFORE

HBRO
529

COLLEGE
200
(p=.0007)

ALPHA -2

HBRO
282

COLLEGE
168

(p=.OI90)

Number in parens are p values for the contrasts between low and college
Values in table are J42/Hz
Before=: before stimulus
In task one, the perfonnance of the fibromyalgic patients and the college students
was assessed by utilizing 3 ANOVAs: a 2*2 for the free recall test and two 2*3's for the
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recognition and structural priming tests. The levels of the variables were the same as
described previously except that the between subjects factor was for the contrast between
college subjects and fibromyalgic patients. In each of the anaylses none of the group by
stage interactions were significant. This indicates that the fibromyalgic patients and college
students showed the same pattern of explicit and implicit memory for stimuli presented
during wake and stage 2.

TABLE 3.6
PERFORMANCE ON THE LONG TERM MEMORY TESTS
(WORD TASK)
FIBROMY ALGIC PATIENfS
WAKE STG2 NOT -PRESENTED

FREE
WHITE
RECOG

38.36 .48
47.79 27.58
48.02 11.06

26.68
12.82

COLLEGE STUDENTS
WAKE STG2 NOT -PRESENfED

43.63 1.81
79.67 61.41
66.75 11.34

69.82
10.26

None of the above group*stage interactions have a p value of less than or equal to .10
Values in the table are mean of the mean percentage per subject
In task two, the college students and fibromyalgic patients ability to retrieve letters
from short term memory was assessed by comparing each groups performance for each
stage of sleep (wake, stage 2, slow wave and REM sleep). A series of four t-tests (using a
Bonferroni correction) revealed that the groups did not differ in relation to their retrieval
abilities for wakefulness, slow wave and REM sleep but did significantly differ on their
stage 2 perfonnance; the fibromyalgic patients were able to recall significantly more of the
letter presentations (see table 7).
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TABLE 3.7
PERFORMANCE ON THE SHORT TERM MEMORY TASK
(ALPHABET TASK)
FlBROMY ALGIC PATIENfS
WAKE

REM
STG2
SWS

95.00% (20)
23.59% (17)
32.74% (20)

o%

COLLEGE STUDENfS
92.11 %
18.42 %
10.53 %
2.78%

(11)

(19)
(19)
(19) (p=.0076)
(18)

Values in the table are mean of the mean percentage per subject
Values in parentheses are the number of subjects
The fibromyalgic patients and the college students were also compared as to their
perception of polysomnographically defined sleep. As with the previous analyses, group
differences were assessed for each stage of sleep (wake, stage 2, slow wave and REM
sleep) using a series of four t-tests and a Bonferroni correction. As can be seen in table 8,
the fibromyalgic group tended to more frequently identify stage 2 and RJ?M sleep as
wakefulness.
TABLE 3.8
IDENTIFICATION OF SLEEP AS WAKEFULNESS
FlBROMYALGIC PATIENfS
WAKE
REM
STG2
SWS

100.00 % (20)
20.59% (17)
62.~%
(20)
31.82 % (11)

COLLEGE STUDENTS
94.74%
2.63%
31.58 %
26.32%

(19)
(19) (p=.0679)
(19) (p= .0224)
(18)

Values in the table are mean of the mean percentage per subject
Values in parentheses are the number of subjects
The combination of these findings suggest that alpha sleep in fibromyalgic subjects
is not associated with increased long term memory for auditory information but may be
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associated with enhanced short tenn memory and sleep state misperception during stage 2
sleep.
ALPHA ACI1VITY IN RESPONSE TO AUDITORY STIMULI IN FlBROMYALGIA

As noted in the introduction, alpha sleep may make the individual more likely to
startle or arouse in relation to external stimuli; even if these events are not encoded into
memory. Accordingly, each subject's EEGs were evaluated via spectral analysis for alpha
activity 10 seconds prior to and after the presentation of auditory stimuli (word and letter
presentations). Only stimulus presentations occurring during unambiguous sleep were
evaluated.
In order to test whether or not the groups differed with respect to post stimulus
EEG arousals, the data from each task were submitted to two 2*2*5 ANDVAs. Separate
analyses were done for each of the alpha frequency bandwidths (7.5-9.5 and 9.75-11.75).
Each ANDVA had 1 between subjects factor (high alpha & low alpha groupings) and 2
within subjects factors (before and after stimulus EEG and EEG site).
In task I, as can be seen in figure 2, the high alpha generators exhibited a
significantly greater increase in alpha activity following the stimulus presentations than did
the low alpha generators (group * time interaction p=.0040).

36
FIGURE 3.1
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The tendency for the high alpha subjects to increase alpha-l activity in response to the
stimuli was significant for all the BEG sites monitored, but was most evident in the occipital
region and least evident in the temporal region (see table 5).
TABLE 3.9
ALPHA ACTIVITY BY BEFORE AND AFfER STIMULUS
BY GROUP AND SITE
ALPHA -I ACTIVITY (7.5-9.5)
BEFORE
AFTER

FP1
BIGB
LOW
486
235
1047
414

T3
BIGB
LOW
488
265
841
393

C3
BIGB
708
1400

LOW
370
598

P3
BIGB
809
1817

LOW
304
519

01
BIGB
491
1185

LOW
189
237

GROUP * TIME * SITE (FP1,T3,C3,P3 & 01) INTERACTION P =.0168

Pictured in figure 3 are two BEG tracings which exemplify the exaggerated alpha-l
response in the high vs low alpha sleepers.
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For alpha-2, the high alpha generators tended to exhibit increased amounts of alpha-2
activity post stimulus presentation (p=.0663), but differential effects among the sites were
not evident (see figure 4).
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In task 2 (letter presentations during the second half of the night) no significant
differences between the groups were observed with regard to pre-post alpha EEG arousal.
The data from task 1 suggest that high alpha sleepers tend to arouse more in relation to
auditory stimuli then do the low alpha sleepers. The d~ta.from task 2 do not support this
conclusion.
In the previous section, it was suggested that the instability of the alpha
assessments over time may have confounded the grouping variable and thus not allowed for
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a clear distinction between the high and low alpha sleepers on the cognitive tasks. Although
this was not the case previously, it is possible that such a situation exists with respect to
present analyses. Accordingly, subjects where grouped into high and low alpha categories
based upon their average pre-stimulus (pre-letter presentation) levels of alpha activity. This
analysis, despite the use of a measure that was taken from the same time of night, also
failed to show significant differences between the high and low alpha groups.
In sum, the data from task 1 suggest that high alpha sleepers tend to arouse more
in relation to auditory stimuli than do the low alpha sleepers. The data from task 2, given
two different measures of alpha activity, do not support this conclusion.
ALPHA SLEEP AND ITS CORRELATION TO TIlE SYMPTOMS OF FlBROMYALGIA

As mentioned in the introduction, some evidence exists to suggest that alpha activity
occurring during sleep is related to the myalgia symptoms of fibromyalgia (Moldofsky, et
al., 1975; 1976). In order to evaluate this possibility, the stagewise and topographical
distribution of alpha activity during the first 60 minutes of NREM sleep was correlated with
the subjects average subjective estimates of total sleep time (ETST), depth of sleep
(DEPfH), feelings of "refreshment" in the morning (FRESH), number of myalgic "hot
spots" (HOT) and estimates of muscular pain upon awakening (TPAIN) as indicated in the
sleep diaries which were kept prior the laboratory study.
No significant correlations were found between the amounts of alpha activity in each
NREM stage and ErST or FRESH. A trend was evident for the correlation between stage 1
alpha and HOT (r= -0.45, p=.061) and stage 1 alpha and TPAIN (r= -0.41, p=.II). Finally
there was a consistent pattern of correlations which indicate that alpha activity during sleep
is inversely correlated with perceived depth of sleep. This pattern was significant for alpha
activity in stages 3 and 4, and nearly so for stage 2 (see table 10).
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TABLE 3.10
SYMPTOMS BY PREPONDERANCE OF ALPHA ACTIVITY
BY SLEEP STAGE
STG1-ALPBA
-.44 (p=.068)

DEPTH

STG2-ALPHA
-.46 (p=.054)

STG3-ALPHA
-.58 (p=.011)

STG4-ALPHA
-.49 (p=.039)

No significant correlations were found for alpha-lor alpha-2 activity at any of the
EEG sites for ErST, FRESH, HOT or TPAIN. There was a consistent trend, as can be
seen in table 11, for alpha activity recorded from most of the medial sites to be inversely
associated with DEPI'H. This trend was significant for alpha-I at FpI and significant for
alpha-2 at C3 and P3.

TABLE 3.11
SYMPTOMS BY PREPONDERANCE OF ALPHA ACTIVITY
BY EEG SITE
Fp1

T3

P3

C3

01

DEPTH

-.49

-.39

-.29

-.09

-.43

-.52

-.35

-.49

-.40

-.41

p values

.025

.087

DS

DS

.057

.019

DS

.029

• 091 .076

These data do not support the hypothesis that alpha sleep is associated with the severity of
the myalgia symptoms of fibromyalgia On the other hand, the data are consistent with the
proposition that alpha sleep is perceived as a shallow form of sleep.
In order to test the possibility that alpha activity during the night may only predict
the severity of symptoms that occur following the measurement night, each subject's diary
data for the morning following the laboratory study was correlated with the alpha
assessments.
As in the previous analysis: (1) perceived depth of sleep was inversely correlated
with alpha activity occurring during all stages of sleep (see table 12) and 2) the myalgia
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symptoms were not significantly correlated with alpha activity occurring during sleep. In
contrast to the previous analysis: (1) alpha activity occurring during stage 2 sleep was
found to be positively correlated with subjects feelings of "refreshment" in the morning
(r=.513, p=.029) and (2) the pattern of correlations for the EEG sites by perceived-depthof-sleep differed slightly in that the effect was not limited to the medial sites (see table 13).

TABLE 3.12
SYMPTOMS BY PREPONDERANCE OF ALPHA ACTIVITY
BY SLEEP STAGE
STG1-ALPHA
DEPTH

STG2-ALPHA

-.51 (p=.031)

STG3-ALPHA

-.51 (p=.032)

-.61 (p=.007)

STG4-ALPHA
-.50 (p=.034)

TABLE 3.13
SYMPTOMS BY PREPONDERANCE OF ALPHA ACTIVITY
BY EEG SITE
T3

Fe 1
A1
DEPTH
P values

-.53
.021

A2

-.55
.015

C3

P3

01

A1

A2

A1

A2

A1

A2

A1

A2

-.50
.028

-.58
.001

-.39
.097

-.48
.039

-.37

-.47
.044

-.26
ns

-.30
ns

.121

Although the results from these additional analyses are slightly different than the original
findings, they, nevertheless, confirm that alpha sleep is not associated with the severity of
the myalgia symptoms of fibromyalgia but is associated with perceived depth of sleep.
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DISCUSSION
Alpha activity occurring during sleep in fibromyalgic patients was not found to be
associated with enhanced long term memory for events occurring during sleep or the
myalgia symptoms of fibromyalgia It was found that alpha sleep is perceived as shallow
sleep by fibromyalgic subjects and may be related to an increased tendency to arouse, at
least in the first half of the night, in relation to auditory stimuli. It was also found that alpha
sleep was related to short term memory functioning during sleep and to sleep state
misperception; these latter effects were only evident when the fibromyalgic group as a
whole was compared with normal subjects.
LONG'IERM MEMORY FOR INFORMATION PRESENTED DURING ALPHA SLEEP

The fact that fibromyalgic patients tend to complain that their sleep is easily
disturbed by environmental stimuli suggests that fibromyalgic patients are aware of their
environment during sleep and are able to recall events that are disturbing to their sleep in a
way that normal subjects cannot Since normal subjects do not show long term memory for
external stimuli presented during sleep, and since normal subjects do not tend to exhibit
alpha sleep, it was hypothesized that these phenomena, in fibromyalgic patients, may be
associated.
Contrary to expectation, we did not find evidence that alpha sleep is associated with
increased information processing. Neither the high and low alpha generator, or the
fibromyalgic and college subject contrasts yielded any evidence to suggest that alpha sleep
is associated with enhanced long term memory functioning.
These data can be interpreted in one of several ways. First, although alpha sleepers
do"exhibit an unusual level of cortical activation during sleep, there simply may not enough
activation to affect the cognitive processing of stimuli presented during sleep.
Second, it may be possible that alpha sleep in fibromyalgic subjects is not
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associated with information processing during sleep, but is associated with enhanced long
term memory functioning. Put differently, alpha sleep may not allow for the formation of
memory traces during PSG defined sleep, but may be sufficient for the maintenance of
memory traces which are established prior to sleep and/or during the intervals of
wakefulness that occur during the night The results from Anch, Saskin and Moldofsky's
1989 study (see page 18) are consistent with this possibility. Their data suggests that alpha
sleepers are better able to remember events that occur prior to PSG defined sleep. Since
normal subjects typically do not recall this kind information (Guilleminault & Dement,
1977; Wyatt, Bootzin, Anthony & Stevenson, 1992; Wyatt, Bootzin, Bazant & Anthony,
1993), this phenomenon may account for the alpha sleepers tendency to perceive their sleep
as easily disturbed by environmental stimuli, i.e., alpha sleepers may be better able to recall
the transient awakenings that normal subjects forget
Finally, the cortical activation of alpha sleep may affect other sensory modalities
more than audition. The present study may, therefore, have failed to uncover a relationship
between alpha sleep and auditory information processing because such a relationship does
not exist in fibromyalgic subjects.
SHORT TERM MEMORY FOR INFORMATION PRESENTED DURING ALPHA SLEEP

In the present investigation the high alpha generators did not identify more of the
letter presentations, or more frequently identify PSG defined sleep as wakefulness, than did
the low alpha generators. It was found, however, the fibromyalgic patients did
significantly better on the stage two part of the short term memory task , and did identify
stage two sleep more frequently as wakefulness, than did college students. It is tempting
to attribute this finding to the fact that the fibromyalgic patients exhibited significantly more
alpha activity during sleep than did the college subjects. Unfortunately, groups also differed
with respect to age, gender distribution, and medical and medication histories. These other
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factors will need to be controlled in subsequent research.
ALPHA ACfIVITY IN RESPONSE TO AUDITORY STIMULI IN FlBROMYALOIA

As noted in the introduction, it was hypothesized that alpha sleep may make the
individual more likely to startle or arouse in relation to external stimuli; even if these events
are not encoded into memory. The data from Task 1 suggest that high alpha sleepers tend to
arouse more in relation to auditory stimuli then do the low alpha sleepers. The data from
Task 2, do not support this conclusion. There are at least two possible explanations that
may account for the discrepant findings.
First, there may be a time of night effect which impacts on the results. Such effects
may include differential distribution of sleep stage (more slow wave sleep early night, more
REM sleep late night) and differential distribution of alpha activity (less alpha activity
during the second half of the night [see Scheuler et al., 1983; 1988]). Both of these time of
night effects may allow the subjects to be more physiologically aroused during the first half
of the night
Second, the nature of the auditory stimuli differed between the tasks. The word
presentations were of longer duration than the letter presentations and the word
presentations varied in pitch (the 18 words were spoken by six different speakers). These
methodological considerations may have caused the word presentations to have been
considerably more arousing.
The fact that fibromyalgic alpha sleepers tend to arouse more in relation to auditory
stimuli seems particularly important This phenomenon may be indirectly related to the
subjective complaints of fibromyalgia. If fibromyalgic patients are predisposed to arouse
more in relation to auditory stimuli, this may account for their tendency to exhibit
fragmented sleep (Carskadon & Dement, 1989) and reduced slow wave sleep. These latter
phenomena have been shown to be associated with the complaints of non-restorative sleep
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and daytime fatigue (e.g., Bonnet, 1985; Stepanski, Lamphere, Badia, Zorick, & Roth,
1984). Future investigations should further explore to what extent the tendency to arouse in
relation to auditory stimuli is correlated with the sleep disorders complaints that occur in
fibromyalgia
ALPHA SI.ERP AND ITS CORREI.AnON TO TIlE SUBJECTIVE SYMPTOMS OF FIBROMYALGIA

This investigation found that alpha sleep is not associated with the severity of the
myalgia symptoms of fibromyalgia but is associated with perceived depth of sleep. The
tendency for alpha activity to be inversely correlated with perceived depth of sleep is
consistent with the commonly held notion that alpha sleep is a "shallow" form of sleep. It is
surprising, however, that alpha activity was not associated with myalgia symptoms. As
indicated in the results section, we speculated that the lack of finding might have been be
due to either the instability of the alpha assessment or to the use of the diary data
Subsequent analysis revealed that the alpha assessments were reasonably stable, and the
. .

.

mQrning assessments of the subjective symptoms of fibromyalgia revealed the same pattern
as the diary data Thus it would seem that either the myalgia symptoms of fibromyalgia are
not correlated with alpha sleep or that this relationship is only evident given objective
measures of pain and tenderness in the myalgic "hot spots".
CLOSING REMARKS
The fact that alpha sleep was not found to be associated with information processing
during sleep should not deter investigators from further evaluating these kinds of issues. It
is still possible that 1) alpha sleep may be associated with enhanced auditory processing
but that this relationship exists in non-fibromyalgic alpha sleepers, and 2) alpha sleep in
fibromyalgia may related to increased afference and cognitive processing, but that the sense
modality may be related to non-auditory forms of sensory processing. With respect to the
former possibility, it may be that post traumatic stress disorder subjects are capable of
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auditory information processing during sleep since they tend to exhibit both alpha sleep and
hypervigilance. With respect to the latter possibility. it may be that fibromyaIgic patients
are more capable of somatosensory or nociceptive processing during sleep. Finally. the
possibility that alpha sleep may influence subjects ability to recall infonnation from periods
of wakefulness occurring during night should also be further evaluated. Positive findings
would be infonnative not only in relation to the psychology of sleep. but also contribute to
our understanding of memory consolidation.

46
APPENDIX A
Preliminary Questionnaire

------------

Name:
Date:
Phone # _ _ _ _ __

Age: _ _ _ _ _ ___
Sex:-------Height: _ _ _ _ _ __
Weight: _ _ _ _ _ __
1. Did your difficulties with fibromyalgia begin with either a flu-like illness or follow a
traumatic event, e.g. a car wreck?
. If yes, please elaborate.

2. Please indicate in which of the following areas you experience muscle soreness or
discomfort. Please rate on a 0-5 scale how much discomfort you experience relative to each
area (0:: no discomfort 5= a lot of discomfort).

Forehead and temples _ _
Jaw
Back of the neck
Arms and hands
Shoulder blades & mid back
Chest
Lower back
Thighs and legs
3. How long have you been experiencing muscular discomfort ?
4. At what time of day are your muscular symptoms the worst? Please label the following
from 1 to 5 (where 1 indicates the time of day when you experience the least
discomfort).
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APPENDIX A -- CONTINUED
Preliminary Questionnaire

Immediately upon awakening
Morning hours
Afternoon
Evening
Immediately prior to bedtime
5. On how many days of the week do you experience muscle pain? _ _
6. How soundly do you sleep? Are you easily awakened by sounds or other distractions
around you?
Never
Sometimes
Frequently _ __
7. Does your mind "race" while you are asleep? Do you feel like you are thinking or
dreaming a lot when you are asleep? (If yes, l=somewhat 5 - very much)
1 --- 2 --- 3 --- 4 --- 5

8. How long does it genemlly take you to fall asleep? _ _ _ minutes.
Do you consider this a problem for you? -:--_-::-

If yes, how long has this been a problem for you?
months.
How many times per week do you find that it takes you this long to fall asleep?
9. How many times do you awaken during the night? _ _ __
Do you consider this a problem for you? -:--_--::-__
If yes, how long has this been a problem for you?

months.
How long do you usually stay awake once awakened during the night? _ _ _ __
minutes.
9. At what time do you normally go to bed? _ _ _ _'
10. At what time do you normally awaken in the morning? _ _ ___
11. How often do you awaken in the morning and wish that you could fall
asleep again, but cannot?
Never_ Sometimes__ Frequently _ _ Most mornings _ _
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APPENDIX A -- CONTINUED
Preliminary Questionnaire
12. How much sleep do you typically get a night?
___ hours and ___ minutes.
13. How much total sleep do you require each night?
___ hours and ___ minutes.
14. Do you consider the amount of sleep you get to be a problem for you?
___ yes
no
15. If yes, how long has this been a problem for you? _ _ _ _ months.
16. When you wake up in the morning how refreshed do you feel? (l=not very 5 = very).
1 --- 2 --- 3 --- 4 --- 5.

17. Do you often awaken with a headache? _ _'
18. Have you been told that you often gasp or snort while you are asleep? _ __
19. Do you usually awaken with a dry mouth ? _ _~
20. Do you snore? ___. (If yes, l=rarely 5=frequently).
1----2----3----4----5
21. Do you feel abnormally sleepy during the day? _ _ __
22. Do you sometime experience vivid dream imagery as you fall asleep? _ __
(If yes, l=rarely 5=frequently)
1----2----3----4----5
23 Do you sometime experience episodes in which you lose muscle control?
(For example fainting, falling slowly to the ground, involuntary limb
.movement.)
. (If yes, l=rarely 5=frequently)
1----2----3----4----5
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APPENDIX A -- CONTINUED
Preliminary Questionnaire

24. Do your legs or feet move around a lot while you are asleep? _ __
(If yes, l=rarely 5=frequently)
1----2----3----4----5

25. Have you experienced any of the following while asleep or when near sleep?
-itching inside of (beneath the surface) legs
-pain in the legs
-any other uncomfortable sensations
26.

Do you fall asleep when you are trying to stay awake? _ __
(If yes, l=rarely 5=frequently)

1----2----3----4----5

27. Do you drink coffee or tea, or soft drinks with caffeine, or do you frequently
use diet pills or alertness pills such as Dexatrim or No-doz? _ _ __
(If yes, l=rarely 5=frequently)
1----2----3----4----5

28. Are your currently taking any medications or vitamins? If yes, please

list.

29. Do you have any chronic medical or health problems aside from fibromyalgia ? If yes,
please list.

30. When was the last time you were examined by a physician ?
What were the problems that prompted the visit? _ _ _ _ _ _ __
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APPENDIX B
MEDICATIONS (SUBJECT*GROUP)
HIGH ALPHA GROUP
MEDICATION(S)
SUBJECT
2
3
4

5
8
11
16

17
19

**
**
Vempamil, estazolam
Tamaxofin
Estrogen
Amitriptyline, orphenadrine citrate
Alpmzolam, medroxyprogesterone
Clonazepam, doxipin, acetazolamide, cimetidine
Estrogen, medroxyprogesterone, phrenilin

LOW ALPHA GROUP
MEDICATION(S)
SUBJECT
1
6
7
9
10
12
13
14
15
18

20

Estrogen, fluoxetine, voltaren
Triometrine
Triometrine, oxazepam
Proprananol
Estrogen, medroxyprogesterone
Theophyln
Temezepam
Estrogen, naproxin
Diazepam, trazodone, levothyroxin, cafregot
Terfenadine
Levothyroxin, estrogen, ranitidine, meclofenamate
cycIobenaprine

51
APPENDIX C
Information Processing During Sleep Project
YOU ARE BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE
THAT YOU ARE INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND
OF HOW YOU WILL PARTICIPATE IN IT, IF YOU CONSENT TO DO SO. SIGNING
THIS FORM WILL INDICATE THAT YOU HAVE BEEN INFORMED AND THAT
YOU GIVE YOUR CONSENT. FEDERAL REGULATIONS REQUIRE WRITTEN
INFORMED CONSENT PRIOR TO PARTICIPATION IN THIS RESEARCH STUDY
SO THAT YOU KNOW THE NATURE AND RISKS OF YOUR PARTICIPATION
AND CAN DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND
INFORMED MANNER.
We would like to invite you to volunteer to take part in the research project named above.
The purpose of this project is to examine how active your mind is during sleep. If you
agree to participate, you will have sensors attached to measure eye-movements, facial
muscle activity, and brain waves. We will ask you to participate in two tasks during the
night. First, we will play some words through the earphones after you are asleep. We will
want you to listen to the words and remember them, but stay asleep. Then later, you will
be awakened by someone calling your name over the intercom and you will be asked a
series of questions about the words and asked to identify words played on a tape-recorder.
For the second task, you will be awakened six or seven times during different stages of
sleep. Each time you are awakened, you will be asked a couple of questions about the
alphabetic letters that were played while you were sleeping. There are some inconveniences
associated with your participation in this study. Your participation may mean that you will
not have as good a night's sleep and you may be more tired tomorrow than you would
have been if you did not participate. There are no risks associated with the sleep EEG
recording, although some people do have minor skin abrasions as a result of cleaning the
skin for attaching the sensors.
The benefits associated with participating in the study are primarily indirect. Your
participation will help to advance knowledge about information processing during sleep. In
addition, you will have the opportunity to learn more about your sleep and about sleep
research. Your sleep record will be shown and explained ~ you.
IN GIVING MY CONSENT BY SIGNING THIS FORM, I AGREE THAT THE
METHODS, INCONVENIENCES, RISKS AND BENEFITS HA VE BEEN
EXPLAINED TO ME AND MY QUESTIONS HAVE BEEN ANSWERED. I
UNDERSTAND THAT I MAY ASK QUESTIONS AT ANY TIME AND THAT I AM
FREE TO WITHDRAW FROM THE PROJECT AT ANYTIME WITHOUT CAUSING
BAD FEELINGS OR AFFECTING MY MEDICAL CARE. MY PARTICIPATION IN
THIS PROJECT MAYBE ENDED BY THE INVESTIGATOR FOR REASONS THAT
WOULD BE EXPLAINED. NEW INFORMATION DEVELOPED DURING THE
COURSE OF THIS STUDY WHICH MAY AFFECT MY WIlliNGNESS TO
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APPENDIX C -- CONTINUED
Information Processing During Sleep Project
CONTINUE IN THIS RESEARCH PROJECT WILL BE GIVEN TO ME AS IT
BECOMES AVAILABLE. I UNDERSTAND THAT THIS CONSENT FORM WILL BE
FILED IN AN AREA RESTRICTED TO THE PRINCIPAL INVESTIGATOR, DR.
BOOTZIN, OR AN AUTHORIZED REPRESENTATIVE OF THE PSYCHOLOGY
DEPARTMENT. I UNDERSTAND THAT I DO Nor GIVE UP ANY OF MY LEGAL
RIGHfS BY SIGNING THIS FORM. A COPY OF THIS SIGNED CONSENT FORM
WILL BE GIVEN TO ME.

Subject's Signature

Date

I have carefully explained to the subject the nature of this project. I hereby certify that to the
best of my knowledge the person who is signing this consent form understands clearly the
nature, demands, benefits and risks involved in hislher participation and his/her signature is
legally valid. A medical problem or language or educational barrier has not precluded this
understanding.

Investigators Signature

Date
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APPENDIX D
TASK 1
Note: All instructions and inquiries were pre-recorded.
Tonight we are going to evaluate how active your mind is while you sleep. To
do this we will have you participate in two tasks during the night. First we will play
some words through the earphones while you are in bed. We want you to pay attention
to the words, but to fall asleep and stay asleep. Just listen to the words and remember
them, but stay asleep. Later I will wake you up by calling your name over the intercom.
At that point, you should sit up and tum on the light. Then we will begin a series of
memory tests which I will explain after I wake you up. I will explain the second task to
you after these tests.
OK, now in order to set the loudness of what you will hear over the earphones, we want
to set it so that it is as soft as possible so that it won't wake you up, but still loud
enough so that you can hear and understand everything clearly. Listen to these words and
tell me whether they are too loud or too soft
TASK 1 MEMORY TESTS
A. Free Recall. OK, now we will begin a few memory tests. On the first page on the
clipboard next to you, please write down all those words you remember hearing
through the earphones before I called you over the intercom.
B. White Noise. For this next task, you will hear some more words through the
earphones. These words are embedded in white noise and they are very difficult to
understand. Your task is to discriminate what the words are and write them down on the
second page of the clipboard. You will have approximately 15 seconds between each
presentation to write down what word you think you heard. If you have no idea what the
word was, just draw a line to mark a space for that word. However if you have a guess
write it down. Before we begin, we want to reset the loudness of what you will hear
through the earphones. This time we want to set it at a
comfortable level at
which you can hear and understand everything clearly. Once again please listen and tell
me whether it is too loud or too soft
C. Recognition. Inside the manila folder on your clipboard is a list of words.
Some of these words were presented to you before you were called while others were
not. Please place a check mark next to those words you recognize as having heard
through the earphones before I called you. On this task, I don't want you to guess, but
only to check the word if you actually recognize the word as one you heard.
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APPENDIX E
TASK 2
OK, you will be able to go back to sleep in a few minutes. During the rest of the night,
we are going to playa different alphabetic letter through the earphones every few
minutes. I will call you over the intercom six or seven times throughout the night When
I call you, I want you to sit up, but you can leave the light off. I will then ask you some
questions about the letters. I will ask, were you awake or asleep when called? What
was the last letter you heard?
Once again we need to set the lc;>udness of the letters. Remember, we want to set it so
that it is as soft as possible so that it won't wake you up, but still loud enough so that you
can hear and understand each letter clearly.
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APPENDIX F

SLEEP DIARY
Date: _ _ _ _ __
1. What time did you go to bed last night? _ _ _ __
2. What time did you awaken this morning? _ _ __
3. How many hours of sleep did you get ? _ _ _ __
4. On a scale of 1 to 5, how deep was your sleep?
( 1 = shallow and 5 = deep).

1-2-3

4

5

5. On a scale of 1 to 5, how refreshed do you feel this morning?
( 1 = not refreshed and 5 = very refreshed).

1-2-3

4

5

6. Upon awakening, did you experience any muscle soreness
or discomfort. _ __
If yes, please rate each of the following areas on a 0 to 5 scale.
( 0 = not at all and 5 = a lot).

Forehead and temples _ _
Jaw

Back of the neck
Arms and hands _ _
Shoulder blades & mid back
Chest
Lower back
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APPENDIX G
CORRELATIONS BETWEEN THE ORIGINAL ALPHA ASSESSMENT
AND THE BEFORE AND AFTER STIMULUS ALPHA ASSESSMENTS
BEFORE STIMULI (fASK 2)
Al
A2

BEFORE STIMULI (fASK I)
Al
A2

FRONTAL
CENTRAL
TEMPORAL
PARIETAL
OCCIPITAL
AVERAGE

.627
.697
.642
.538
.687
.638

(p=.007)
(p=.002)
(p=.005)
(p=.026)
(p=.003)

.635
.698
.555
.653
.611
.630

(p=.006)
(p=.002)
(p=.021)
(p=.004)
(p=.012)

.524
.578
.327
.557
.644
.526

(p=.017)
(p=.018)
(p=.159)
(p=.011)
ip=.003)

.674
.385
.481
.424
.561
.505

(p=.OOl)
(p=.094)
(p=.032)
(p=.062)
(p=.012)
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