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Abstract This study was designed to test a disregulation

model of sleep deprivation by assessing the ability of good

sleepers compared to poor sleepers to shift daytime EEG

patterning to changing environmental demands. Ten good

and ten poor sleepers were identified from a sample of 110

college students who completed the Pittsburgh Sleep

Quality Inventory (PSQI). EEG and SCR were recorded

during a five task assessment session, including: (1) pre-

baseline, (2) eyes open at rest, (3) eyes closed at rest, (4)

sensory attentiveness (listening to an audio book clip), and

(5) cognitive effort (a higher level cognitive flexibility

task). A significant Group 9 Task interaction, F (3,

16) = 4.81, p = . 01 was attained on the theta data. Spe-

cifically, for good sleepers, theta decreased from the ‘‘eyes

open at rest’’ to the ‘‘sensory attentiveness’’ tasks, while

poor sleepers showed the opposite pattern. This pattern of

theta suppression was found in 70% of the good sleepers

and only 20% of the poor sleepers. No between group

differences were noted in the SCR data, supporting a brain

disregulation model, rather than a general psychophysio-

logical stress model.
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Sleep deprivation is a common problem. Polls by the

National Sleep Foundation (2009) indicate 70% of Amer-

icans report frequent sleep impairments. College students

appear to be especially vulnerable to sleep deprivation and

poor quality sleep. Dement (1997) found as many as 80%

of college students were dangerously sleep deprived. Sleep

deprivation has many negative consequences including

increased emotional irritability, impaired cognitive per-

formance, increased number of accidents, and impaired

immune system functioning.

Researchers and therapists in the field of applied psy-

chophysiology and behavioral medicine have developed

numerous behavioral interventions to assist with improving

sleep. Behavioral techniques, often listed under the rubric

of ‘‘sleep hygiene’’, focus on environmental stimulus

control, relaxation strategies, and especially efforts to

improve circadian rhythm via timing of bedtime, arising

time, and amount of time spent in bed (Morin et al. 2006).

EMG (muscle relaxation) and thermal biofeedback

aided relaxation training has proven to be a useful for a

subgroup of people with insomnia associated with

increased muscle tension and/or elevated autonomic arou-

sal (Hauri 1981). This type of psychophysiological

insomnia may also respond to enhancement of slow wave

EEG via low alpha and theta feedback (Hauri et al. 1982).

However, many individuals with sleep problems do not

display this psychophysiologic arousal pattern in their
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somatic, ANS, or CNS functioning. In fact, excessive slow

wave EEG, reflective of fatigue, is commonplace in sleep

deprived persons. A concern can be raised about the value

of providing additional relaxation training, especially in the

form of alpha and theta slow wave EEG feedback to

individuals who already may be characterized by excessive

slow wave activity. A final paradox for the biofeedback

clinician is that one cannot provide meaningful delta wave

feedback, because the feedback recipient must already be

asleep to produce a significant amount of delta.

An alternative to the psychophysiological arousal insomnia

model is a variation of a disregulation model (e.g., Othmer

et al. 1999). We propose that a psychophysiological disreg-

ulation can best be defined as a mismatch between

psychophysiological activation and the current demands or

requirements presented by the environment. In other words,

when adaptive regulation is present one should observe

psychophysiological activation in tune with the cognitive,

emotional, or physical requirements of the situation.

Focusing on brain alertness as one aspect of this model, one

would expect to observe pronounced differences in EEG

activation during challenging daytime activities compared

with lying in bed awaiting sleep.

Evidence consistent with an EEG disregulation model for

sleep disorders can be found in several sources. Sterman and

colleagues found improved sleep in cats (Sterman et al.

1970) and humans (Sterman and Shouse 1980) trained, while

awake, to enhance low beta (12–15 Hz, SMR) for control of

epilepsy. Many writers (e.g., Thompson and Thompson

2003, p. 47) have noted that excess theta in the daytime

awake EEG is a marker for not only ADD/ADHD in children,

but also for narcolepsy and sleep apnea.

In a report including more than 100 children with

ADHD, Kaiser and Othmer (2000) noted that two-thirds of

these children presented with disregulated sleep patterns,

including sleep onset problems, inability to fall asleep in

their own bed, frequent awakening, night terrors, night-

mares, bedwetting, sleep walking, sleep talking, and

nocturnal bruxism. Most of these sleep related problems

were resolved during the course of EEG training to sup-

press daytime theta and enhance low and midlevel beta.

Despite the fact that this is incidental data secondary to the

primary purpose of the ADHD study, it does raise inter-

esting questions. Why would daytime increase in activation

result in better nighttime sleep? Seemingly, children are

learning to adjust their CNS activation to the demands of

the situation. Finally Hauri et al. (1982) also found that

SMR feedback could be useful for those already relaxed,

but still experiencing sleep onset sleep difficulty. Seem-

ingly, in all these cases, subjects are not being trained

specifically to fall asleep by increasing slow wave EEG,

but rather they are learning to adjust their EEG activation

to the requirements of the current situation.

Our goal in the present study was to test a disregulation

model of sleep deprivation in college students by assessing

the ability of poor sleepers compared to good sleepers to

shift daytime EEG patterning to changing environmental

demands. The ability to detect specific EEG patterns of

good and poor sleepers may lead to the development of a

diagnostic tool for the prediction whether a presenting

patient might best be approached from a psychophysio-

logical arousal sleep disorder model versus a disregulation

sleep disorder model. Thus, we were interested in both

sleep group comparison data, but also the within group

individual differences in disregulation.

Methods

Participants

One hundred and ten students from introductory psychol-

ogy classes completed an informed consent, demographic

measure, the Pittsburgh Sleep Quality Index-Adjusted, and

the Spielberger Trait Anxiety Inventory. From this sample,

20 students were selected to participate in the psycho-

physiological assessment protocol. Participants were

excluded if they reported a history of learning disability or

ADHD. The ‘‘poor sleep’’ group included students who

reported chronic trouble falling asleep, defined as ‘‘taking

30 min or longer to fall asleep for at least 6 months’’, and

obtained a score of five or greater on the PSQI-A. The

‘‘good sleep’’ group included students who reported no

sleep problems and obtained a score of less than five on the

PSQI-A. There were no significant between group differ-

ences for the poor or good sleepers on gender, age, trait

anxiety, or state anxiety. See Table 1.

Apparatus and Measures

EEG, EMG, and SCR

Psychophysiological data were measured using a custom-

ized script for the Biograph Infiniti (EEG Suite) data

acquisition system for the Procomp Infiniti (Thought

Table 1 Descriptive statistics for good sleepers and poor sleepers

Measurement Good sleepers Poor sleepers

M SD M SD

Age 18.80 0.79 18.80 1.32

Trait anxiety 40.80 7.22 42.70 7.09

State anxiety 34.50 10.59 33.20 12.10

Sleep quality 3.30* 0.82 8.30* 1.57

* Indicates significant between group differences at p \ .05
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Technology LTD). This eight channel research grade

device acquires 256 samples/second. EEG was recorded

using the EEG-Z sensor, a pre-amplified electroencepha-

lograph sensor with a built in impedance checking device.

Band pass frequencies were defined as theta, 4–8 Hz and

beta, 13–21 Hz. The EMG was recorded using the EMG

myoscan sensor, which also includes a pre-amplifier. EMG

bandwidth was 20–500 Hz. SCR was recorded using the

SCR sensor.

Sleep Quality

The Pittsburgh Sleep Quality Index—Adjusted (PSQI-A)

(Buysse et al. 1988) measures sleep quality and distur-

bances for the preceding month. The global sleep quality

total score ranges from 0 to 21. A cutoff score of 5 has been

recommended to screen for poor sleepers, based on a

diagnostic sensitivity of 89.6% and specificity of 86.5% in

distinguishing good and poor sleepers. Lower scores reflect

better sleep quality. The PSQI has been adjusted for use

with college students (F�C. Brown, personal communica-

tion, September 7, 2006). Because of discrepant sleep

patterns during the week versus the weekend among col-

lege students, an adjusted score reflecting sleep quality

during the week was used in this study.

State-Trait Anxiety Inventory State-Trait Anxiety Inventory

The state and trait portions of the State-Trait Anxiety

Inventory (STAI) (Spielberger 1983) require subjects rate

20 items from 1 to 4, based on ‘‘how you feel now’’ (state

version) or ‘‘how you generally feel.’’(Trait version.) The

possible scores range from 20 to 80, with high scores

reflecting more anxiety. Test–retest reliability correlations

range from .73 to .86 for college students. Concurrent

validity correlations range from .73 to .85.

Procedure

Each participant was seated in a cushioned recliner in a

sound attenuated room, facing a computer monitor. A

standard gold plated EEG electrode was secured, using

conductive paste (Ten20) on the vertex (Cz) with a right

earlobe reference and left earlobe ground. Three EMG

electrodes were placed on the participant’s forehead, to

measure frontalis EMG. SCR electrodes were secured on

volar surface of the distal phalanxes on the second and fifth

fingers of the right hand. Each participant completed an

informed consent, the state portion of the Spielberger State-

Trait Anxiety Inventory, and then was instructed to sit back

and relax.

Psychophysiological recordings began after EEG

impedance level was under 10 kX. Participants were also

coached on relaxation activities until EMG levels were

below 5 lV at the beginning of each task. The remainder

of the session was divided among the following six tasks,

each task lasting 2 min.

1. Pre-baseline: the participant was asked to remain still,

relax, and focus on a computer screen, which read,

‘‘Listen to your clinician’s instructions, sit back, relax

and stay quiet for the next few minutes.’’

2. Eyes open at rest: The participant remained quiet while

minimizing any eye or body movement and focusing

on a main point of the screen.

3. Eyes closed at rest: The participant was instructed to

slowly close his or her eyes and remain relaxed until

notified the task was over.

4. Sensory attentiveness activity: The participant was told

to listen to an audio clip from Edgar Allen Poe’s The

Black Cat (http://librivox.org/) while relaxing, focus-

ing eyes on a flashing light on the screen. Participants

were instructed to pay attention to the audio clip as

questions may be asked about the information.

5. Cognitive effort activity: Participants were instructed

to visually locate and silently count the numbers

beginning at 50, alternating between red and blue

numbers projected on the computer screen, in descend-

ing order. The participant was advised that the number

attained would be recorded at the end of this segment.

6. Post-baseline: The participant was asked to remain

still, relax, and focus on a main point on the screen.

At the completion of data collection, participants received

a $5 gift card to a local store.

EEG recordings were reviewed for movement and other

sources of artifact. High amplitude artifact was rejected. A

minimum of 25% of the low amplitude data from each task

were required to include this data in data analysis. Efforts

to minimize artifact were successful. Using the above cri-

teria, there were no segments classified as missing data. To

increase power and simplify data analyses, pre- and post-

baseline data were omitted from primary data analysis.

Results

Data comparing the two sleep groups across the four

experimental Task conditions were analyzed via ANOVAs

and ANCOVAs separately for beta/theta ratios as well as

for theta alone. The results were very similar for the two

analyses, thus the theta data alone will be described here.

Figure 1 reveals the mean theta microvolt levels for the

two groups across the four experimental Task conditions.

As might be expected, theta was somewhat higher for the

poor sleepers during all Task conditions, although this was

not a statistically significant group effect, F (1, 18) = 0.97,
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p = .15. There was a significant Task condition effect, F

(3, 16) = 7.34, p = .003, as well as a significant

Group 9 Task condition interaction, F (3, 16) = 4.81,

p = .014. Post-hoc t-tests indicated the primary contribu-

tion to the Group 9 Task condition interaction came from

the Sensory Attention Task. Using Task 2 (eyes open) as a

control, the group difference between Task 4 and 2 was

significant, t (18) = 3.49, p \ .05 with good sleeper theta

activity decreasing by .32 (SD = .57) lV and poor sleeper

theta activity increasing by .49 (SD = .47) lV. There were

no other significant between group differences by task

condition.

Figure 2 illustrates the Group 9 Task condition inter-

action somewhat more clearly. In this figure Task

condition 1, the pre-baseline theta, was used as covariate.

Again one can see only the Sensory Awareness task dif-

ferentiates the two sleep groups.

Skin conductance levels were analyzed in a fashion

similar to the EEG data. There was a significant Task

effect, F (3, 16) = 7.4, p = .002, but neither the Group, F

(1, 18) = .23, p = .63, or Group 9 Task condition, F (3,

16) = .205, p = .89) approached significance. Neither trait

nor state anxiety was significantly different by group

assignment (see Table 1).

A total of 45% of all of the participants displayed the

theta suppression effect. In other words, 45% of the total

sample demonstrated a reduction in theta from the open

eyes task to the Sensory Awareness Task. The pattern of

theta suppression was found in 70% of the good sleepers

and only 20% of the poor sleepers.

Discussion

The present results appear to support the hypothesis that

poor sleepers may have greater difficulty adjusting their

awake attention (as reflected in EEG activation) to the

situational demands of the environment. Secondly, since

there were no skin conductance group differences nor self-

report anxiety group differences, the data seems to be more

consistent with a brain disregulation model (reflected in

EEG activation) than with a general psychophysiologic

stress model of sleep deprivation. Furthermore, if anxiety

proneness were a significant component of the poor

sleepers’ experience, resting levels of theta might be

expected to be lower rather than higher for the poor, rel-

ative to the good, sleepers.

Tabulation of individual differences suggests that our

experimental procedure has reasonable power to differen-

tiate good sleepers from poor sleeps. However, it must be

noted that, at least in this sample, the differentiation is

highly task specific. Beyond a general trend for poor

sleepers to demonstrate somewhat higher levels of theta,

minimal group differences were found except for during

the sensory awareness task.

Why might the group differences be found during only

one of the task conditions? It is our speculation that Task

demands must be precisely related to the specific sleep

group brain characteristics if differences are to be found.

The pre-baseline, post-baseline, and eyes open and eyes

closed baselines were all essentially resting conditions.

They do not present the subject with a significant task

demand beyond sitting quietly. By contrast, what we have

called the Cognitive Effort Activity is a very difficult task

requiring a great deal of concentrated effort. Seemingly,

the Task demands of this condition were sufficient to

override any subtle group differences. The Sensory

Attentiveness task falls between the extremes. It is a rather

boring task, but does require considerable passive con-

centration similar to the task demands of attending to a

classroom lecture. Seemingly it requires considerable

cognitive activation to listen and process information in

this format, a task which appears far more difficult for poor

compared to good sleepers.
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Fig. 1 Mean theta lV values for good versus poor sleepers across

activities 2 (eyes open baseline), 3 (eyes closed baseline), 4 (sensory

attentiveness task), and 5 (cognitive effort task)
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Fig. 2 Residual mean theta lV values for good versus poor sleepers

across activities 2 (eyes open baseline), 3 (eyes closed baseline), 4

(sensory attentiveness task), and 5 (cognitive effort task), after co-

varying on activity 1 (pre-baseline, eyes open condition.)
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Generalizability of the results is limited by both subject

and experimental conditions. There may be any number of

other tasks which might have better separated the two

groups. Alternatively, a group with more severe clinical

sleep disorders might produce quite different results. These

participants were volunteers for the study, not patients

seeking treatment for their sleep concerns. Due to their

irregular sleep hours, Circadian rhythm sleep disorders are

likely to be quite common amongst college students. Thus,

by inference, from the current data it appears that Circadian

rhythm problems may be characterized by EEG theta

disregulation. However, future studies geared toward sep-

arating Circadian rhythm problems from other forms of

sleep disturbance, could help lend clarity to this inference.

Beyond task and subject selectivity limitations, other

shortcomings of the study include a small n and the need to

establish the within subject reliability of the Task effect.

Such reliability could prove to be allusive because of

changing quality of sleep from one night to another, the

time of day, and changes in laboratory personnel could all

affect consistency of responses.

Despite these limitations one of the authors (DDG) has

been attempting to treat individual patient cases with more

profound sleep disorders from a disregulation perspective.

Sleep disordered patients, unresponsive to cognitive-

behavioral sleep counseling and general relaxation training,

are offered EEG biofeedback based on the disregulation

model, with the proposed goal of enhancing their neuro-

flexibility. Essentially, they are given feedback for both

increasing and decreasing EEG activation in an attempt to

improve capacity to adjust brain activation to the demands

of the immediate environment. Some patients have repor-

ted significant improvements in sleep following relative

small amounts of this feedback, which is supplemented by

cognitive–behavioral activation–deactivation exercises for

home practice. Of course, it would be desirable to try this

protocol on much larger samples and include controls for a

range of other factors.

We realize that neither our theory nor treatment protocol

is original. Much of the recent movement in neurofeedback

has placed emphasis on overall bidirectional regulation of

EEG activation (e.g., Othmer et al. 1999; Brownback and

Mason 1999) rather than a primary emphasis on relaxation

via alpha and theta training. However, we do feel there

remains a need for more application of systematic theory

and data to guide the clinician in development of a

rationale for making treatment decisions. We believe this is

especially true for the understanding and treatment of sleep

disorders.

References

Brownback, T., & Mason, L. (1999). Neurotherapy in the treatment of

dissociation. In J. R. Evans & A. Abardbanel (Eds.), Introduction
to quantitative EEG and neurofeedback. (pp. 147–156). San

Diego, CA: Academic Press.

Buysse, D. J., Reynolds, C. F., III, Monk, T. H., Berman, S. R., &

Kupfer, D. J. (1988). The Pittsburgh Sleep Quality Index: A new

instrument for psychiatric practice and research. Psychiatry
Research, 28, 193–213. doi:10.1016/0165-1781(89)90047-4.

Dement, W. (1997). What all undergraduates should know about how

their sleeping lives affect their waking lives. Retrieved August 6,

2008, from http://www.stanford.edu/*dement/sleepless.html.

Hauri, P. (1981). Treating psychophysiologic insomnia with biofeed-

back. Archives of General Psychiatry, 38, 752–758.

Hauri, P. J., Percy, L., Hellekson, C., Hartmann, E., & Russ, D.

(1982). The treatment of psychophysiologic insomnia with

biofeedback: A replication study. Biofeedback and Self-Regula-
tion, 7, 223–235. doi:10.1007/BF00998785.

Kaiser, D. A., & Othmer, S. (2000). Effect of neurofeedback on

variables of attention in a large multi-center trial. Journal of
Neurotherapy, 4, 5–15. doi:10.1300/J184v04n01_02.

Morin, C. M., Bootzin, R. R., Buysee, D. J., Edinger, J. D., Espie, C.

A., & Lichstein, K. L. (2006). Psychological and behavioral

treatment of insomnia: Update of the recent evidence (1998–

2004). Sleep, 29(11), 1398–1414.

National Sleep Foundation. (2009). Sleep Studies. Retrieved February

3, 2009, from http://www.sleepfoundation.org/site/c.huIXKjM

0IxF/b.4813333/k.93F2/Sleep_Studies.htm.

Othmer, S., Othmer, S. F., & Kaiser, D. (1999). EEG biofeedback: An

emerging model for its global efficacy. In J. R. Evans & A.

Abardbanel (Eds.), Introduction to quantitative EEG and
neurofeedback. (pp. 243–310). San Diego, CA: Academic Press.

Spielberger, C. D. (1983). State–trait anxiety inventory (form Y).
California: Mind Garden.

Sterman, M. B., Howe, R. C., & Macdonald, L. R. (1970). Facilitation

of spindle-burst sleep by conditioning of electroencephalo-

graphic activity while awake. Science, 167, 1145–1148. doi:

10.1126/science.167.3921.1146.

Sterman, M. B., & Shouse, M. N. (1980). Quantitative analysis of

training, sleep EEG, and clinical response to EEG operant

conditioning in epileptics. Electroencephalography and Clinical
Neurophysiology, 49, 558–576. doi:10.1016/0013-4694(80)

90397-1.

Thompson, M., & Thompson, L. (2003). The Neurofeedback Book:
An Introduction to Basic Concepts in Applied Psychophysiology.

Wheat Ridge, CO. The Association for Applied Psychophysiol-

ogy and Biofeedback.

Appl Psychophysiol Biofeedback (2009) 34:99–103 103

123

http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://www.stanford.edu/~dement/sleepless.html
http://dx.doi.org/10.1007/BF00998785
http://dx.doi.org/10.1300/J184v04n01_02
http://www.sleepfoundation.org/site/c.huIXKjM0IxF/b.4813333/k.93F2/Sleep_Studies.htm
http://www.sleepfoundation.org/site/c.huIXKjM0IxF/b.4813333/k.93F2/Sleep_Studies.htm
http://dx.doi.org/10.1126/science.167.3921.1146
http://dx.doi.org/10.1016/0013-4694(80)90397-1
http://dx.doi.org/10.1016/0013-4694(80)90397-1

	Awake EEG Disregulation in Good Compared to Poor Sleepers
	Abstract
	Methods
	Participants
	Apparatus and Measures
	EEG, EMG, and SCR
	Sleep Quality
	State-Trait Anxiety Inventory State-Trait Anxiety Inventory

	Procedure

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


