
Power Spectral Analysis of Sleep EEG in Twins Discordant for
Chronic Fatigue Syndrome

Roseanne Armitagea,*, Carol Landisb, Robert Hoffmanna, Martha Lentzb, Nathaniel
Watsonc, Jack Goldbergd, and Dedra Buchwalde

a Department of Psychiatry, University of Michigan, Ann Arbor, MI, USA

b Department of Biobehavioral Nursing and Health Systems, School of Nursing, University of Washington,
Seattle, WA, USA

c Department of Neurology, University of Washington, Seattle, WA, USA

d Department of Epidemiology, University of Washington, Seattle, WA, USA

e Department of Medicine, University of Washington, Seattle, WA, USA

Introduction
Chronic fatigue syndrome (CFS) is characterized by profound fatigue lasting at least 6 months
accompanied by disturbances of sleep, cognition, mood, musculoskeletal pain, and other
symptoms (1). Insomnia and insufficient, nonrestorative sleep are among the most common
and disabling symptoms (2–6). Clinic-based studies have found that patients with CFS often
have poor sleep efficiency (5,7–12) and, occasionally, intrinsic sleep disorders such as
obstructive sleep apnea (2,5,7,8,13). These studies, however, have methodological differences
and limitations including the absence of comparison groups (5,8,11,13), failure to include
laboratory sleep data (6,14), use of in-home sleep studies (10,14), reporting of clinical sleep
disorders without data on sleep architecture (2), and the inclusion of only a single laboratory
night (2,5.8,10,12,13). Small, but rigorously conducted, studies have not provided strong
evidence for striking abnormalities in sleep architecture among most patients with CFS (15,
16). Thus, methodological differences, the lack of control for many genetic and environmental
factors, and the inherent limitations of standard electroencephalogram (EEG) likely contribute
to the inability to reproducibly detect differences in sleep microarchitecture between CFS and
healthy control groups.

Quantitative EEG analysis procedures may be a more sensitive metric for evaluating sleep
abnormalities in clinical populations than traditional manual sleep stage scoring (17,18). One
study of sleep clinic patients with chronic fatigue demonstrated increased “slow delta” power
and a higher cyclic alternating pattern (CAPs) rate in the CFS group (19), Increased alpha
activity during sleep also has been inconsistently observed in fibromyalgia (20–25), a disorder
closely related to CFS that is characterized by chronic, unexplained, widespread pain (26). The
limited studies of quantitative sleep EEG in CFS or other related disorders provided a strong
rationale for the present study.
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Co-twin control studies offer a powerful alternative to traditional approaches that compare CFS
patients to healthy or depressed individuals, while controlling for genetic and numerous
environmental factors (27). This research design is particularly valuable in studies of sleep
where genetic factors contribute substantially to sleep architecture (28), the number of data
points generated is large, and the range of values observed in normal individuals is wide. We
therefore compared the power spectral analysis of sleep EEGs between twins discordant for
CFS to answer these questions: Does sleep architecture differ between twins with CFS and
their non-affected co-twins and is there greater prevalence of alpha-activity phase-locked with
delta in the twins with CFS?

Methods
Participants

From 1997 to 1999, 22 sets of CFS discordant twins from the University of Washington CFS
Twin Registry were chosen for a 7-day in-person evaluation based on registry information and
telephone screening establishing the presence or absence of symptoms consistent with the
Centers for Disease Control (CDC) diagnostic criteria of CFS (1,15,29,30). Twins were
required to (1) be at least 18 years of age; (2) be reared together; (3) be discordant for CFS
(one twin met the CDC CFS criteria, the other did not); (4) be negative for HIV; (5) abstain
from alcohol and caffeine and, based on their personal physicians’ advice, discontinue all
medications at least 2 weeks prior to the evaluation; and (6) travel to Seattle together.

To determine if a twin met CDC CFS criteria, we used responses to the CFS symptom checklist,
diagnoses generated by the Diagnostic Interview Schedule (Version III-A) (32), and
information from review of the subject’s medical records. To meet criteria, debilitating fatigue
must have been present for at least 6 months with endorsement of at least 4 of 8 CFS symptoms.
Exclusionary medical and psychiatric conditions must have been absent. The same inclusion
and exclusion criteria (e.g., body mass index, specific psychiatric disorders) and review
processes were applied to the fatigued and non-fatigued twins. Medical records covering the
last five years were reviewed by a physician knowledgeable about CFS (DB) for exclusionary
medical conditions. A psychologist and infectious disease specialist also independently
reviewed the twins’ medical charts to verify health status and approve twins for participation.
Prior to the scheduled visit, we confirmed that the ill twin still met CFS criteria and that the
control twin was devoid of CFS.

Between 2000 and 2003, the twins were contacted about participating in a follow up study. Of
the 22 original pairs of twins, 14 agreed to participate in a second week-long evaluation. Written
informed consent was obtained from all twins in accordance with regulations of the University
of Washington Institutional Review Board. A waiver of consent was obtained from the
University of Michigan Institutional Review Board to conduct the statistical analysis of the
data at UM.

Depression was assessed using the Diagnostic Interview Schedule, a structured interview based
on Diagnostic and Statistical Manual III (32). Monozygosity was initially determined using
previously validated self-report methods (33–34), then confirmed with analysis of restriction
fragment length polymorphisms. DNA samples were extracted and digested with the restriction
endonuclease HaeIII. The restriction fragments were separated by molecular size in agarose
gel, Southern blotted onto nylon membrane, and hybridized with a variable number of tandem
repeat probes. With 6 probes, the probability of monozygosity can be ascertained with 99.9%
certainty (35).

Each pair of twins spent 3 consecutive nights and 1 day in the University of Washington Sleep
Research Laboratory in temperature controlled, sound attenuated rooms. All sleep recording
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equipment was located in a central control room separate from the individual sleeping rooms.
Twins were instructed to follow a set sleep schedule for 1 week prior to coming to the laboratory
based on an average of their nightly sleep schedule ascertained from a 2-week sleep diary. This
schedule was adjusted for twins who traveled to Seattle from Eastern, Central and Mountain
time zones.

Throughout the study, the Sleep Research Laboratory investigators and technicians were blind
to the illness status of the twins. During the first night, the twins adapted to the laboratory;
baseline sleep data from the second night are reported here. The third night was an experimental
manipulation night reported elsewhere (37). The twins completed a 10-item post-sleep
questionnaire each morning before getting out of bed.

Clinical Characteristics. Body mass index was computed from measured weight and height.
Both history of and current major depression were assessed using the National Institute of
Mental Health Diagnostic Interview Schedule. Depression was assessed using the Diagnostic
Interview Schedule (Version III-A), (35), a structured interview based on Diagnostic and
Statistical Manual III. Menopause status was ascertained by asking “To your knowledge, have
you reached menopause?” The tenderpoint examination was performed according to the
published diagnostic recommendations (36). Participants were considered to have fibromyalgia
if they had ≥ 11 tender points and met criteria for widespread pain. Widespread pain was defined
by the presence of upper and lower segment, right- and left-sided, and axial pain (36). The age
of onset and duration of CFS were computed based on self-reported dates.

Polysomnography. EEG electrodes were positioned at 2 frontal (F7, F8), 2 central (C3, C4),
and 2 occipital (O1, O2) locations (International 10–20 system of measurement) and were
referenced to the contralateral mastoids. Chin electromyogram electrodes and electrodes for
right and left electro-oculogram also were attached. To monitor the twins for sleep-disordered
breathing, airflow was measured using a nasal pressure cannula placed in the nose (Pro-Tech
Services, Inc. Mukilteo, WA). Chest and abdominal respiratory effort was measured by Piezo
Respiratory Effort bands placed around the chest and abdomen (Pro-Tech Services, Inc.
Mukilteo, WA). Oxygen saturation was measured from the left or right index finger by a pulse
oximeter (EMBLA, Broomfield, CO). Snoring was assessed by a small microphone sensor
(Pro-Tech Services, Inc. Mukilteo, WA) placed on the throat, just lateral to the trachea.
Electromyogram electrodes were placed on the anterior tibialis of each leg to monitor the
occurrence of periodic leg movements during sleep. Two electrodes were placed on the chest
to measure the electrocardiogram, according to the modified Lead II configuration.

Electrophysiological signals were recorded and digitized by the EMBLA somnologica data
acquisition recording system (A-Ay-101, EMBLA, Broomfield, CO) and displayed and stored
on a desktop computer. The sampling rates were set as follows: EEG, electromyogram, periodic
leg movements, and electrocardiogram data = 200 Hz; electro-oculogram signal and snoring
sensor = 100 Hz; nasal airflow and respiratory effort = 20 Hz, and oximeter = 1 Hz. All digitized
data were acquired and stored unfiltered. Prior to each recording session, a standard 50
microvolt, 10 Hz calibration signal was recorded for 5 minutes. Data were displayed in 30
second epochs, on a continuous basis during recording.

Sleep Stage Scoring—All channels of recorded data were displayed on a high-resolution
21-inch color monitor for visual sleep stage scoring. Filter settings for display were set at 0.3
Hz to 40 Hz. Sleep and wake stages were scored in 30 second epochs according to standard
criteria (38). Key sleep architectural variables reported here include sleep latency to Stage 1
and sleep latency to Stage 2, time in bed (lights out to final arising), total sleep period (time in
minutes from the first epoch of Stage 2 until final awakening), sleep efficiency (total sleep
time/time in bed), sleep latency (time from lights out to first epoch of Stage 2 sleep), REM
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latency (time from sleep latency to first epoch of REM), time spent awake, and the percentage
of NREM and REM sleep stages, expressed as a percentage of the sleep period time.

Power Spectral Analysis—On-board power spectral software from the EMBLA
Somnologica data acquisition system was used to evaluate power in each of delta (0.5–3.9 Hz),
theta (4.0–7.9 Hz), alpha (8.0–11.9 Hz), sigma (12.0–15.9 Hz), and beta (16.0–31.9 Hz) bands.
The algorithm used a 512 point fast Fourier Transform with Hamming windows (−53 dB stop
band, filter degree 1068, transition bandwidth 0.622 Hz), in 6 second blocks. The resultant
power values, expressed in μV2, were then averaged in consecutive 30 second epochs in each
frequency band to correspond to visual stage scoring to prepare for averaging data by sleep
stage. In addition, relative power measures we also computed for each frequency band,
expressed as a proportion of total power per epoch of sleep. Both raw EEG and power spectral
data were inspected epoch by epoch for evidence of movement artifact. Epochs with high
amplitude artifact were excluded from all EEG analyses. Only data from C3 electrodes are
reported here. All-night power spectral data were plotted and inspected visually for evidence
of alpha and delta power that were in phase across the night in each subject.

Statistical Analysis—Data were coded for CFS status, sleep stage (REM, Stage 1, 2 and
combined Stage 3 and 4) and frequency band (delta through beta), which were used as repeated
measures. MANOVAs evaluated potential statistical differences. Univariate analyses,
contrasting twin pairs within each sleep stage, were only computed if a significant overall
MANOVA effect was obtained. In addition, within-subject Pearson’s correlation coefficients
were computed to evaluate the statistical relationship between all-night alpha and delta power
by stage and across the whole night independent of sleep stage. These correlations were coded
for twin pair and a within-subject ANOVA evaluated potential differences. Differences in
demographic or clinical characteristics were compared between the CFS ill and non-CFS twins
with t-tests of Chi-square statistics.

Results
Fourteen twin pairs completed the sleep study. Technical recording problems resulting in
missing data occurred on the baseline sleep night in 1 pair of twins, leaving 13 pairs to compare.
As shown in Table 1, the demographic and clinical characteristics did not differ between the
CFS and non-CFS twins, except for mean number of tender points and the number of
participants with fibromyalgia (p<.05). All twins were female, ranging from 29 to 60 years of
age. A history of lifetime major depressive disorder was noted in 3 of the CFS twins and 2 of
the non-CFS twins, not members of the same family. No CFS or non-CFS twin was currently
depressed.

Polysomnography Analysis
As shown in Table 2, the twins did not differ on any of the key polysomnographic measures.

Power Spectral Analysis
Table 3 documents only minor differences were observed in the power spectral data in each
frequency by stage and by twin pair. MANOVA revealed a significant overall sleep stage main
effect (F3,9 = 84.3, p < 0.0001), an EEG frequency band main effect (F4,8 = 872.6, p <. 00001)
and sleep stage by frequency band interaction (F1,12 = 140.1, p < 0.0001). However, neither
the twin pair main effect nor the interactions were significant, all producing F ratios < 1.0. No
further analyses were conducted on spectral analysis by sleep stage.
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Relative Power
The statistical analysis of the power measures, expressed relative to total power also failed to
produce significant twin pair differences. Less than 2 % difference separated the CFS ill twin
from their non-CFS co-twin for relative power in beta, sigma, alpha and theta frequencies
(range of probabilities: 0.18–0.93). As a result, data are not presented in tabular form and no
further analyses were conducted on the relative power measures.

Alpha-Delta Relationships
The first evaluation of the relationship between alpha and delta activity was based on visual
inspection of the all-night power spectral data, independent of sleep stage. Alpha and delta
power were plotted for each twin, examining both the power and phase relationship between
these 2 EEG measures. Alpha and delta power appeared to oscillate in phase across the night
in 5 of the 13 CFS twins (38.5%). However, the same pattern of in-phase alpha and delta power
was seen in the identical twins without CFS in all but 1 twin pair. Thus, if alpha and delta were
in-phase in the ill twin, they were also in-phase in their non-CFS twin. In the remaining 8 CFS
twins, low levels of alpha power were visually detected with no apparent systematic
relationship with delta power. Figure 1 illustrates all-night alpha and delta power in 2 twins
with CFS, 1 without elevated alpha activity and 1 with alpha that is periodic both time and
phase-locked with delta activity. However, the same pattern of in-phase alpha and delta power
was seen in the identical twins without CFS in all but 1 twin pair. Thus, if alpha and delta were
in-phase in the CFS ill twin, they were also in-phase in their unaffected co-twins.

Pearson’s correlation coefficients confirmed our visual observations. Average correlations
between alpha and delta frequencies were 0.79 ± 0.24 in the CFS twins and 0.71 ± 0.22 in the
healthy twins. ANOVA did not identify a twin pair difference (F < 1.0). Alpha power was not
correlated with the number of arousals in either the CFS or healthy twins, with correlations
ranging from − 0.20 to 0.19. Finally, CFS twins with alpha and delta oscillations in phase by
visual inspection had stronger correlations than those with low alpha power (r = 0.83 versus
0.58).

Discussion
Sleep Macroarchitecture

None of the polysomnographic measures distinguished the individuals with CFS from their
unaffected identical twins. Both groups showed equivalent sleepiness and fell asleep in less
than 10 minutes. The ill twins did show a higher apnea-hypopnea index, as reported previously
(15,16), but this difference was not statistically significant. REM latency was longer in the
twins with CFS, contrary to previous work (11). Once again, the between-group difference did
not reach statistical significance in the present study.

Some of the sleep measures were surprising and do require comment. For example, the amount
of Stage 2 sleep is considerably lower (38.5%) and the amount of slow-wave sleep considerably
higher (20.0%) than what might be expected in a group of well twins with a mean age of 45
years (39). There is no obvious explanation for this outcome. However, the CFS ill twins and
their unaffected twins had comparable PSG values. It would seem that sleep may be
compromised to some degree in both the groups of twins but the co-twins are more resilient to
developing CFS. Familial risk and resilience to disease has become a recent focus in depression
and anxiety research (44). Perhaps this model is applicable to sleep and risk for CFS.
Furthermore, the critical issue is the comparison of the CFS and non-CFS twin groups, and not
necessarily the comparison of the non-CFS twin group to the general population. Importantly,
both twins were exposed to the same protocol, PSG equipment, and PSG scoring/analysis.
Therefore, the between twin comparison results are valid, despite the apparent discrepancy in
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some sleep measure when the non-CFS twins is compared to and large highly selected cohorts
of healthy individuals (39).

PSA of Sleep EEG
In our co-twin study of CFS discordant monozygotic twins, CFS and non-CFS twins did not
differ significantly on power spectral analysis of sleep EEG in REM, Stage 1, Stage 2 or Slow-
Wave Sleep. One would expect lower delta power, increased fast frequency beta, or increased
alpha power to accompany complaints of sleep disturbance in CFS. Delta power was slightly
elevated in the CFS-ill twin, overall, but did not differ from their non-CFS twin. As discussed
elsewhere, there was little evidence from objective sleep measures that CFS is associated with
significant sleep disturbance (36). Further, relative power measures also failed to distinguish
CFS from their unaffected co-twins with less than 2 % difference between them.

A recent paper by Guilleminault et al. (19) pointed toward increases in delta power and across
the board reductions in relative power in other frequency bands in CFS subjects compared to
non-related controls (19). There are a number of potential explanations for the differences
between these findings and our own. First, the between group differences were very small for
the relative power differences, 2–5% difference in other bands. Further, when looking at the
Guilleminault power spectral analysis data in absolute terms, only delta power differed between
controls and patients with CFS, minimizing the apparent differences with our results. Most
importantly, we used a co-twin control design, perfectly matching for age and genetic aspects
of sleep physiology, as opposed to the non-related “healthy” control group in the Guilleminault
paper. This allows us to essentially eliminate genetic influences on sleep physiology.
Therefore, discrepancies between studies could be due to differences in the handling of genetic
confounds between the two studies.

Alpha-Delta Sleep
It has been suggested that CFS patients will show alpha-delta sleep (18) because of the overlap
in symptoms and sleep complaints between fibromyalgia and CFS. We evaluated this
relationship between the CFS ill and their unaffected co-twins. Neither total alpha or delta
power nor the phase relationship between the two (i.e., alpha-delta sleep) distinguished
between those with CFS and their identical non CFS twins. This is consistent with some studies
showing alpha activity is not increased among patients with pain disorders (13,21,40).

Our results, however, are contrary to a body of work supporting decreased delta and increased
alpha power and alpha-delta sleep in fibromyalgia (18). In particular, the increased alpha sleep
is thought to contribute to the frequent sleep complaints reported by fibromyalgia patients, a
hypothesis supported by the correlation between alpha activity and perception of shallow sleep
(40). A recent study of older women with fibromyalgia identified 3 distinct patterns of alpha
activity during sleep: phasic alpha activity that was coupled with an apparent in-phase
relationship with delta (the classic alpha-delta pattern); tonic alpha continuous through NREM
sleep, and an overall pattern of low alpha activity. Phasic alpha was evident in 50% of the
fibromyalgia patients but only 7% of controls. By contrast, low overall alpha characterized
over 80% of controls but only 30% of fibromyalgia patients. Despite the prevalence of
comorbid CFS and fibroymalgia in the present study, there was no evidence of increased alpha
activity or alpha-delta sleep in the CFS group.

In the present study, 5 subjects with CFS and 4/5 of their non-CFS twins showed enhanced
alpha that oscillated in phase with delta activity (25). This observation provides little evidence
that alpha-delta sleep is more prevalent in, or specific to, CFS. Because monozygotic co-twin
control studies almost perfectly control for genetic factors, the enhanced alpha activity and its
dynamic relationship with delta likely reflects heritable, disease-independent influences on
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sleep, as suggested earlier by polysomnography data (15). Further, the CFS and healthy twins
were similar in measures of sleep fragmentation and number of arousals associated with
enhanced alpha power.

Study Limitations
One study (19) has revealed increased quantitative sleep EEG abnormalities in CFS, in the
form of cyclic alternating pattern (CAP), a physiological measure of NREM sleep thought to
be associated with sleep disruption (41). Cyclic alternating patterns were increased in
chronically fatigued patients from a sleep clinic. However, the comparison group was healthy
control subjects who were nearly a decade younger (19). It is not clear to what degree age may
have played a factor in the between-group differences. Nevertheless, the approach by the
Stanford group provides a finer gradient analysis of the EEG and as such, may be more sensitive
to subtle sleep EEG disturbances. The present study was limited by a 6 second sampling
window for the PSA. This is substantially longer than standard practice (43) and could have
contributed to the lack of difference between CFS ill and non-CFS twins. Unfortunately, this
limitation was imposed by the EMBLA software. We are currently conducting a more detailed
PSA analysis of the original sleep study in these twins to determine if between group differences
are greater with a narrower sampling window.

There is an additional limitation to the present study. We attempted to adjust for circadian
factors by both stabilizing the participant’s sleep schedule prior to traveling to Seattle and
adjusting the study sleep schedule to the time zone of their residence. Nevertheless, the
circadian effects of being exposed to a different light-dark cycle, as well as jet-lag itself, may
have affected our results.

Despite these limitations, we view the inclusion of the identical but unaffected twin as a control
group to be a significant strength over previous studies. Our results do suggest that heritability
of quantitative sleep EEG characteristics may be stronger than CFS-related factors under
baseline conditions. As demonstrated in a recent publication, sleep paradigms that challenge
the adaptive response may be needed to bring out differences between individuals with CFS
and comparison groups, including their non-CFS twins (37). Further, it may be that some
aspects of sleep are abnormal in both ill and non-CFS co-twins, reflecting a familial
vulnerability but that the non-CFS twin developed greater resilience. Understanding the role
that sleep may play in vulnerability and resilience to disease is an important next step.

Conclusion
In conclusion, we did not find evidence of sleep macro- or micro-architectural changes in our
study of twins discordant for CFS. This finding suggests that power spectral characteristics of
sleep EEG do not differentiate twins with CFS from their unaffected co-twins. Thus, the sleep
measures cannot explain their chronic disabling fatigue. Studies that challenge sleep regulation
in patients with CFS have demonstrated abnormalities in the dissipation of delta activity during
NREM sleep and thus may be more likely to elicit between-group differences than a standard
baseline sleep assessment (36). The cyclic alternating pattern also may be affected by fatiguing
illnesses (19), an intriguing finding that should be followed up in well controlled studies of
persons with CFS. Taken together, these findings underscore the need to continue to seek novel
ways to understanding the mechanisms underlying the sleep disturbances in CFS.
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Figure 1.
Example of a CFS twin without evidence of phasic alpha, coupled with delta [TOP] and a CFS
twin with phasic alpha coupled with delta [BOTTOM], based on all-night power spectral
analysis. Shown in successive 30 s epochs.
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Table I
Demographic and clinical characteristics of CFS and non-CFS twins

Characteristic CFS Twin n = 13 Non-CFS Twin n = 13

Current age, mean years (SD) 45.4 (10.0) 45.4 (10.0)

Married, number 10 9

High school completion, number 7 9

Body mass index, mean kg/m2 (SD) 30.1 (7.2) 29.7 (6.1)

Lifetime major depression, number 3 2

Current major depression, number 0 0

Menopause *, number 6 4

Tender points, mean number (SD)1 17.5 (1.0) 10.8 (5.6)

Fibromyalgia**, number1 9 1

Duration of CFS, years (SD) 9.2 (3.7) --

Age at onset of CFS, mean years (SD) 36.8 (3.7) --

One non-CFS twin was missing menopause status;

**
Fibromyalgia defined as widespread pain and ≥11 tender points; SD = standard deviation;

1
p<.05
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Table II
Means and standard deviations of selected sleep variables in CFS and non-CFS twins

Sleep Variable CFS Twin Non-CFS Twin

Total sleep time, minutes 395.9 (53.4) 403.9 (35.8)

Sleep latency to Stage 1, minutes 4.5 (4.0) 3.8 (4.5)

Sleep latency to Stage 2, minutes 6.3 (5.8) 5.0 (4.7)

REM latency, minutes 75.3 (51.5) 65.7 (27.0)

Stage 1, % 9.1 (2.2) 8.3 (3.7)

Stage 2, % 35.2 (8.9) 38.5 (8.1)

Slow wave sleep, % 18.4 (4.5) 20.0 (5.0)

REM, % 24.2 (5.5) 21.4 (5.8)

Sleep efficiency, % * 85.1 (8.4) 87.4 (8.0)

Time awake, minutes 56.3 (29.8) 52.4 (36.7)

Apnea-hypopnea index, events/hour 7.0 (6.6) 4.1 (3.7)
*
Total sleep time/time in bed x 100%
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Table III
Average power in each frequency band by sleep stage and twin pair

CFS Twin Non-CFS Twin

Power, μV2 Mean (standard deviation) Mean (standard deviation)

Stage 1

 Beta 149.4 (29.2) 140.5 (24.5)

 Sigma 122.5 (21.9) 124.8 (30.1)

 Alpha 185.5 (35.5) 199.7(88.6)

 Theta 272.3 (38.6) 277.9 (72.5)

 Delta 530.7 (62.7) 538.1 (108.8)

Stage 2

 Beta 130.7 (25.3) 127.8 (25.1)

 Sigma 166.9 (71.1) 159.2 (51.9)

 Alpha 247.9 (87.5) 247.3 (112.3)

 Theta 323.5 (39.2) 318.2 (66.4)

 Delta 774.4 (79.6) 759.7 (128.6)

Slow Wave Sleep

 Beta 119.8 (20.3) 118.4 (22.4)

 Sigma 149.9 (59.8) 145.3 (44.3)

 Alpha 272.3 (127.4) 275.6 (125.6)

 Theta 375.6 (47.1) 374.4 (71.0)

 Delta 1,276.4 (138.4) 1,205.1 (331.4)

REM

 Beta 135.5 (31.2) 128.7 (26.7)

 Sigma 95.5 (16.4) 99.1 (19.4)

 Alpha 154.7 (25.7) 158.1 (61.7)

 Theta 240.5 (35.3) 243.1 (47.2)

 Delta 411.0 (55.5) 397.2 (80.3)
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