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Misperception of Sleep Onset Latency, often found in Primary Insomnia, has been cited to be influenced by hyper-
arousal, reflected in EEG- and ECG-related indices. The aim of this retrospective study was to examine the asso-
ciation between Central Nervous System (i.e. EEG) and Autonomic Nervous System activity in the Sleep Onset
Period and the first NREM sleep cycle in Primary Insomnia (n = 17) and healthy controls (n = 11). Further-
more, the study examined the influence of elevated EEG and Autonomic Nervous System activity on Stage2
sleep-protective mechanisms (K-complexes and sleep spindles). Confirming previous findings, the Primary
Insomnia-group overestimated Sleep Onset Latency and this overestimation was correlated with elevated EEG
activity. A higher amount of beta EEG activity during the Sleep Onset Period was correlated with the appearance
of K-complexes immediately followed by a sleep spindle in the Primary Insomnia-group. This can be interpreted
as an extra attempt to protect sleep continuity or as a failure of the sleep-protective role of the K-complex by fast
EEG frequencies followingwithin one second. The strong association found between K-alpha (K-complex within
one second followed by 8–12 Hz EEG activity) in Stage2 sleep and a lower parasympathetic Autonomic Nervous
System dominance (less high frequency HR) in Slow-wave sleep, further assumes a state of hyperarousal con-
tinuing through sleep in Primary Insomnia.

© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-SA license
(http://creativecommons.org/licenses/by-nc-sa/3.0/).
1. Introduction

Sleep is a natural phenomenon associated with an assumed reduc-
tion in awareness of the environment (as reviewed in Ogilvie, 2001).
Nevertheless, this might not always be the case, and especially patients
with insomnia might experience the lack of awareness differently.

A typical feature of patients with (primary) insomnia (PI) is their
tendency to underestimate the total sleep time and to overestimate
the time needed to fall asleep (Perlis et al., 1997), as compared with
polysomnographic measures of their sleep (e.g. Monroe, 1967; Coates
et al., 1983) and estimations of good sleepers (e.g. Rosa and Bonnet,
2000). Some research findings (e.g. Reynolds et al., 1991 suggest sleep
time misperception being ubiquitous among insomnia patients, while
, Belgium. Tel.:+323 8215195.
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others posit misperception of total sleep time (e.g. Means et al., 2003)
and/or sleep onset latency (SOL) (e.g. Mendelson, 1995) among only a
selected group of insomnia patients. A hypothesis of distortion in time
estimation abilities, as a possible explanation of perceiving sleep as
wake, was not supported by earlier research (Fichten et al., 2005;
Rioux et al., 2006).

As early as the work from Bonnet & Arand and Perlis et al. (Bonnet
and Arand, 1997a; Perlis et al., 1997), and recently reviewed by
Harvey and Tang (2012), elevated EEG and Autonomic Nervous System
(ANS) activity has been suggested to influence the perception of the
time needed to fall asleep, assessed by morning questionnaires
(Bonnet and Arand, 1997a, 1997b; Perlis et al., 1997, 2001a).

1.1. EEG activity: microstructure

During wake, high frequency EEG activity (e.g. beta) has been relat-
ed with attention, perception and cognitive function in normal subjects
(e.g. Lopes Da Silva, 1991). The transition from wake to sleep is associ-
ated with a slowing down of EEG-activity (as reviewed in Ogilvie,
the CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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2001). Furthermore, falling asleep is associatedwith sleep-onset related
mesograde amnesia, referring to a decline in all aspects ofmemory func-
tion (Guilleminault and Dement, 1977; Wyatt et al., 1997). An increase
in high frequency EEG activity at or around sleep onset (SO) is associat-
ed with the attenuation of normal mesograde amnesia of sleep (Wyatt
et al., 1997; Perlis et al., 2001b). The patients' tendency to overestimate
the time needed to fall asleep may thus be attributed to the enhanced
information processing at and around sleep onset (Staner et al., 2003;
Perlis et al., 2001c), expressed by elevated high frequency EEG activity
(Perlis et al., 2001c).

During sleep, a greater power ratio of high frequency EEG activity
relative to low frequency EEG activity is assumed to give an indication
of ‘worse’ sleep and is associated with sleep complaints of some insom-
nia patients (Krystal, 2008). Intrusion of high frequency EEG activity
into Slow-wave sleep (SWS) has been indicated as a marker of less re-
storative sleep (Moldofsky et al., 1975) and a reduction in sleep quality
(Krystal and Edinger, 2008).

1.2. EEG activity: K-complexes and sleep spindles

K-complexes and sleep spindles, as the hallmarks of Stage2 sleep, are
suggested to be sleep-protective mechanisms (e.g. De Gennaro and
Ferrara, 2003; Bastien et al., 2000). K-complexes are suggested to pro-
mote deeper sleep, supporting a sleep-protective role (e.g. Forget
et al., 2011; Bastien et al., 2000). Sleep spindles' suggested functional
role is the inhibition of sensory processing and the gating of disturbing
and/or intrusive stimuli (e.g. Cote et al., 2000; Steriade et al., 1993),
therebymaintainingNREM sleep continuity (Steriade and Llinás, 1988).

Bastien and colleagues (Bastien et al., 2009a, 2009b) found no differ-
ence in the amount or density (amount perminute) of K-complexes and
sleep spindles in Stage2 sleep of insomnia patients, when compared
with healthy controls.

The assumed lack of spectral EEG changes preceding K-complexes,
and the diminished EEG spectral and autonomic changes associated
with K-complexes (Sforza et al., 2000), can be interpreted as synchro-
nized EEG responses being protective of cortical arousal (Bastien et al.,
2000; Colrain, 2005). Halász et al. (Halász et al., 2004) emphasized the
view that synchronized EEG responses can be seen as “anti-arousal phe-
nomena that protect the continuity of sleep instead of fragmenting it”.
Colrain (2005) elaborated this further on by suggesting that the syn-
chronized events (K-complexes) would appear to fail in their attempt
to protect sleep by faster frequencies following them.

The K-alpha phenomenon is defined by a K-complex immediately
followed by an explosion of alpha (8–12 Hz) activity lasting less than
5 s (Roizenblant et al., 2001). K-alpha has also been observed as a com-
ponent of the Cyclic Alternating Pattern (CAP) phenomenon, more
specifically as the A2 component (Terzano et al., 2001). Since CAP has
been considered to represent part of an arousal controlling mechanism,
persistent K-alpha may represent an increased “arousal instability”
related to increased sensitivity to internal and/or environmental stimuli
(MacFarlane et al., 1996).

1.3. ANS activity: electrocardiogram (ECG)

Another feature observed in insomnia patients is the presence of
physiological arousal; it is considered as being another contributor to
the misperception of sleep (Bonnet and Arand, 1992). Accelerated
heart rate (HR) and reduced heart rate variability (HRV, the variations
between consecutive heartbeats), are often found in insomnia patients
when compared with controls (e.g. Monroe, 1967). HRV can be used
as a quantitative marker of autonomic nervous system activity (Camm
et al., 1996). Power spectral analysis of the HR offers information
about the power in the High Frequency (HF) band (0.15–0.4 Hz), used
as an indicator of parasympathetic activity, and information about the
power in the Low Frequency (LF) band (0.04–0.15 Hz), used to infer
both sympathetic and parasympathetic activity (e.g. Akselrod et al.,
1981). Therefore, the ratio of low to high frequency power offers an in-
dication of sympathetic activity. This ratio has been found being higher
in insomnia patients, reflecting stronger sympathetically dominated HR
as compared with controls (Bonnet and Arand, 1998). This elevated ac-
tivity may blur the distinction between perceived sleep and wakeful-
ness (Bonnet and Arand, 1997b).

As reviewed by Colrain (2005), the possibility is suggested that both
the K-complex (reflecting the EEG response) and heart rate (reflecting
the ANS response), are responses to some potentially arousing stimuli,
or contrariwise, autonomic arousal may be the stimulus leading to a
K-complex.

2. Study aims and hypotheses

Weexpected EEG andANS activity (in the SOP and SWS) to be strong-
ly intercorrelated in PI, assuming a state of hyperarousal reflected in both
systems. Furthermore, this study investigated whether hyperarousal re-
lated activity (in EEG and ANS activity) influences the characteristics of
Stage2 sleep related sleep-protective mechanisms. We expected that
elevated (EEG and ANS) activity in the SOP will continue through sleep,
thereby negatively influencing the sleep protective role of the K-
complex (by 8–12 Hz alpha or sleep spindle EEG activity within 1 s fol-
lowing theK-complex). Furthermore,we expected this prolonged elevat-
ed EEG and ANS activity to have a negative effect on Slow-wave sleep
(less Slow-wave sleep and more beta EEG and sympathetic related ANS
activity) in PI. This was not expected in the control-group.

Only SOL misperception was analyzed, although misperception of
total sleep time andwake after sleep onset could also be observed in pri-
mary insomnia.

3. Methods

3.1. Subjects

Patients were selected from the database of the multidisciplinary
Sleep Disorders Centre of the Antwerp University Hospital (Antwerp,
Belgium) and the centre for Sleep Medicine ‘Kempenhaeghe’ (Heeze,
TheNetherlands). Between 2007 and 2011, 238 patientswere diagnosed
with primary insomnia according the DSM-IV-TR (American Psychiatric
Association, 2000). 205 patients who underwent full polysomnographic
assessment were selected. At the time of admission to the sleep lab sub-
jects completed a screening questionnaire concerning general health
status, the Epworth Sleepiness Scale (ESS; Johns, 1991) and a morning
questionnaire (Brussels Indices of Sleep Quality, BISQ; Cluydts, 2009),
in order to verify the estimated time needed to fall asleep (subjective
SOL) and to evaluate the sleep quality (score from 1 to 10). Patients
had to complain about difficulties initiating sleep (experiencing SOL lon-
ger than 30 minutes, at least 5 nights/week); patients with difficulties
maintaining sleep were not included. The exclusion criteria (for all sub-
jects) includedmedical illness, psychiatric conditions (past and current),
shift work, use of medication with central nervous system effects, sub-
stance abuse, and/or a history of (or current) alcohol abuse. Based on
these exclusion criteria, a group of 91 patients was retained. Additional-
ly, patients had to be free from sleep medication for at least four weeks
preceding the examination. Based on these criteria, a group of 17 female
primary insomnia patients was finally selected, ranging from 19 to
53 years (36.2 ± 9.6 years) with a mean duration of insomnia of
10.8 ± 10.9 years. Healthy controls (CTRL-group)were recruited by ad-
vertisement and after a screening procedure; 11 healthy female controls
ranging in age from 21 to 59 years (37.6 ± 12.6 years) were finally
retained. They sustained the same PSG procedure as the PI-group. The
study was approved by the Institutional Review Board (IRB) of the Ant-
werpUniversityHospital. Eligible subjects completed awritten informed
consent for participation in the study. The PI-group and CTRL-group did
not report a different amount of sleep the night before their visit to the
sleep lab (z = − .679, p = .536).
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3.2. Self-report measures

In the morning, subjects filled out the BISQ (Cluydts, 2009). In addi-
tion to the estimation of the perceived SOL,minutes spent awake during
the night, total sleep time and overall sleep quality, the questionnaire
also required the subjects to assess “Comparability” (how does this
compare to your typical nights) on a 5-point scale (1 = noticeably
shorter, 2 = shorter, 3 = same, 4 = longer and 5 = noticeably
longer) and “Acceptability” (is this acceptable for you) on a 4-point
scale (1 = totally acceptable, 2 = acceptable, 3 = not acceptable
and 4 = totally unacceptable). Sleep quality was evaluated with a
score from 0 till 10. The misperception index was calculated with
the objective time needed to fall asleep (objective SOL) and the subjec-
tive time needed to fall asleep (subjective SOL) as [(objective SOL −
subjective SOL)/objective SOL] (Manconi et al., 2010). A score of 0 re-
flects a perfect estimation of the PSG derived objective SOL, while a
score under 0 denotes overestimation of the PSG derived SOL and a
score higher than 0 reflects underestimation of the PSG derived SOL.
3.3. Polysomnographic assessment

All patients underwent full polysomnography according the
American Academy of Sleep Medicine (AASM) 2007 rules (Iber
et al., 2007). The following equipment was used: Schwarzer Ahns
EEG/PSG 44 Amplifier (Schwarzer, Munich, Germany) and BrainRT
software (OSG bvba, Rumst, Belgium). The following electrodes and
sensors were applied (not in all subjects): electroencephalogram
(EEG) (C4-M1, F4-M1, C3-M2, O1-M2); right and left electro-
occulogram (EOG); electromyogram (EMG) (submental, tibialis an-
terior). All EEG-, EOG- and EMG- signals were sampled at 250 Hz.
The EEG- and EOG-channels were visualized for sleep scoring with
low frequency filter (LFF) at 0.53 Hz, high frequency filter (HFF) at
30 Hz and sensitivity at 70 microV/cm. The EMG-channels were vi-
sualized for sleep scoring with low frequency filter (LFF) at 1.6 Hz,
high frequency filter (HFF) OFF and sensitivity at 30 microV/cm.
Flow was detected using both nasal pressure cannula and thermo-
couple at the nose and the mouth. Ribcage and abdominal move-
ments were measured by respiratory inductance plethysmography
(RIP) gauges and oxygen saturation (SaO2) was recorded using Nonin
pulse oximetry probe. One-lead ECG was sampled at 1000 Hz with LFF
at 1.6 Hz and HFF at 70 Hz. Qualitative recording of snoring was per-
formed using a microphone placed at the suprasternal notch. The
PSG-recordings were blinded and sleep stages and respiratory
events were scored in 30-s windows (epochs) by trained technicians
according the rules of the American Academy of SleepMedicine (Iber
et al., 2007).

Derivation C4-M1 was the most available derivation in all sub-
jects (derivations differed due to the retrospective design and the
use of multiple databases), so C4-M1 was used for sleep-stage scor-
ing, power spectral analyses (PSA) and quantification of Stage2
sleep parameters (see further ‘PSA and Stage2 sleep parameters: K-
complexes, sleep spindles and arousals’). Sleep onset period (SOP),
Stage2 and SWS (of the first sleep cycle) were used for more detailed
analysis. SOP was in both labs defined as the time between lights out
and the first epoch of Stage2 sleep (Staner et al., 2003). The time
spent in Stage1 sleep before the appearance of the first epoch
Stage2 sleep was compiled, as well as the time spent in Stage2,
Slow-wave sleep and REM-sleep of this first sleep cycle. Two Slow-
wave-episodes were distinguished when separated by a REM-
episode or, in case of a ‘skipped’ first REM episode, when distin-
guished by Stages 1, 2 or wake for more than 12 min (Jenni and
Carskadon, 2004). Due to the retrospective design of the study, and
the absence of two consecutive nights in all patients, analyses were
performed on the first night screening, in accordance with Perlis
and colleagues (Perlis et al., 2001a).
3.4. Power spectral analysis

Power spectral analysis (PSA) is a quantitative method used to de-
compose complex waveforms into their constituent frequency compo-
nents. With PSA, the dominant frequency bandwidth in the spectrum
can be determined (e.g. higher amount (%) 8–12 Hz alpha activity in a
0.5–30 Hz EEG spectrum) and more specific information about the mi-
crostructure is gathered. PSA was performed on the EEG and ECG fre-
quency spectrum during SOP and SWS of the first sleep cycle.
Artefacts (movement, EMG artefacts and arousals)were excluded by vi-
sual inspection. The SOP was further divided into five equal time blocks
(blocks 1–5) to evaluate EEG dynamics over time.

3.5. PSA of EEG frequencies

An analysis of EEG microstructure during the SOP and the first stage
SWSwasperformedusing fast Fourier transformation (FFT) on4-s epochs
within delta (0.5–4 Hz), theta (4–8 Hz), alpha (8–12 Hz), sigma (12–
16 Hz), and beta (16–30 Hz) frequency bandwidths at C4-M1, with
beta being subdivided in beta1 (16–20 Hz), beta2 (20–24 Hz) and
beta3 (24–30 Hz). Quantification was accomplished by determining the
amount of voltage that occurred within a given bandwidth, divided by
the total amount of voltage across the bandwidths, also known as relative
PSA (Cacioppo et al., 2007), used to compare EEG dynamics among indi-
viduals. The first block (block1) of the SOP was not used for analysis,
due to a large amount of artefacted material. The amount of deleted ar-
tefact material in the SOP did not differ between both groups for the
SOP (PI-group: 16.36 ± 8.95%, CTRL-group: 12.26 ± 6.78%, p = ns),
or for the amount of deleted material in the four blocks (block2 – 5) of
the SOP (block2: PI-group: 26.51 ± 10.17%, CTRL-group: 17.08 ±
11.42%, p = ns; block3: PI-group: 23.06 ± 17.97%, CTRL-group:
17.79 ± 13.1%, p = ns; block4: PI-group: 20.65 ± 16.89%, CTRL-
group: 22.69 ± 26.67%, p = ns; block5: PI-group: 5.86 ± 8.57%, CTRL-
group: 3.23 ± 3.59%, p = ns). The last 5 min preceding sleep onset
was further divided in 1-min blocks for controlling a possible effect of
the duration of the SOP (see Staner et al., 2003).

Furthermore, a power ratio was calculated as the ratio of delta/beta
(Krystal, 2008) in the SOP and SWS. A high power ratiowas indicative of
slowing down and a low power ratiowas indicative of an acceleration of
the EEG activity (Krystal, 2008).

3.6. PSA and Stage2 sleep parameters: K-complexes, sleep spindles and
arousals

PSA was used to evaluate the EEG frequency spectrum following the
K-complexwithin one second. The epochwindowsize used for the eval-
uation of sleep spindles and the EEG frequency spectrum following
the K-complexes, was 10 s. In total, four types of K-complexes were
registered in Stage2 sleep: normal K-complexes (Bastien et al., 2009a),
K-K-complex (K-complexes immediately (b1 s) followed by another
K-complex), K-alpha (K-complexes immediately (b1 s) followed by
alpha (8–12 Hz) EEG activity and K-sleep spindle (K-complexes imme-
diately (b1 s) followed by a sleep spindle). Furthermore, the total
amount (and density) of K-complexes was determined by summing
up the aforementioned subtypes. The number of K-complexes and
sleep spindles (Bastien et al., 2009b) was normalized according to the
time spent in Stage2 sleep (density or amount per minute). EEG
arousals, “an abrupt shift in EEG frequency, which may include theta,
alpha and/or frequencies greater than 13 Hz, but not spindles, with a
duration of at least 3 seconds” (American Sleep Disorders Association,
1992) were also tabulated.

3.7. PSA of ECG frequencies

Power spectral analysis of ECG frequencies offers more information
about cardiac sympathetic versus parasympathetic neural dominance
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(Berntson et al., 1997). PSA was performed during SOP and SWS using
Kubios HRV analysis v2 software package (Bsamig, Kuopio, Finland). Ar-
tefacts of the R-R interval were adjusted manually before analysis ac-
cording to Boardman's algorithm (Boardman et al., 2002). Frequency
domain measures of the Low-Frequency (LF) and High-Frequency
(HF) bands were 0.04–0.15 Hz and 0.15–0.4 Hz, respectively. A power
ratio was computed as the proportion of Low Frequency relative to
High Frequency (LF/HF), related to the sympathetic-parasympathetic
balance of the ANS, with a higher ratio reflecting more cardiac sympa-
thetic neural dominance.

3.8. Statistical analysis

Statistical analysis of the obtained data was performed using SPSS®
20 (IBM Corp. Released, 2011. Due to the small sample size, Mann–
Whitney non-parametric tests were performed. In order to examine
possible associations between the variables studied, spearman ρ corre-
lations were calculated. Correlations were considered as relevant
when (−)1.0 N ρ ≥ (−).50 (Cohen, 1988) and a significance level of
.000 ≤ p ≤ .05. Trends are considered as (−)1.0 N ρ ≥ (−).50 with a
significance level of .051 b p b .059.

3.9. Data analysis

Due to the retrospective design of the study, resulting in a lack of
standardisation of the nights, parameters concerning time in bed, total
sleep time, sleep stage distribution over the night (amount Stage1,
Stage2, Slow-wave sleep and REM-sleep) were not taken into account.
Sleep efficiency index (SEI) was calculated as total sleep time relative
to the time spent in bed. Sleep onset latency (objective SOL), latency
to Slow-wave sleep (Latency_SWS) and latency to rapid eye movement
(Latency_REM) sleep, and duration of Stage1, Stage2, Slow-wave sleep
and REM-sleep from the first sleep cycle were investigated. Sample
sizes for the variables studied may vary due to technical problems
(e.g. error in EEG-signal) or missing questionnaires. For the analysis of
the ECG measures in the SOP, there were three missing values in PI
and one missing value in CTRL, due to a disrupted ECG signal. In Slow-
wave sleep, ECG signals were disrupted in two PI and three CTRL. Two
PI had a disrupted EEG signal in the last block of the SOP, and this data
was not taken into account. Data were reported as mean ± SD.

4. Results

No differences regarding age (PI: 36.18 years ± 9.59, CTRL:
37.64 years ± 12.57), Epworth Sleepiness Scale score (PI: 7.57 ±
3.94, CTRL: 7.36 ± 4.43), daily caffeine intake (PI: 2.06 ± 1.80, CTRL:
2.73 ± 2.69), weekly alcohol beverages (PI: 2.13 ± 3.68, CTRL:
3.36 ± 3.75), smoking (PI: .06 ± .26, CTRL: .01 ± .30), or BMI (PI:
22.50 ± 2.66, CTRL: 22.96 ± 3.84) were found between the PI-group
and the CTRL-group (see Table 1).

4.1. EEG and ANS measures

An increased power ratio, reflecting a higher ratio of delta EEG activ-
ity relative to beta EEG activity, in the SOP was significantly correlated
Table 1
Demographics in Primary Insomnia (PI) -and Control-group (CTRL).

PI (n = 17) CTRL (n = 11)

Age (years) 36.18 ± 9.59 37.64 ± 12.57
ESS 7.57 ± 3.94 7.36 ± 4.43
Caffeine intake (units/day) 2.06 ± 1.80 2.72 ± 2.69
Alcohol intake (units/week) 2.13 ± 3.68 3.36 ± 3.75
Smoking (units/day) .06 ± .26 .09 ± .30
BMI (kg/m2) 22.50 ± 2.66 22.96 ± 3.84

ESS: Epworth Sleepiness Scale; BMI: body mass index; mean ± SD.
with a higher index of SOL misperception (i.e. lower discrepancy be-
tween objective PSG derived SOL and subjective SOL) in the PI-group
(ρ = .604, p b .05), whereas this was not found in the CTRL-group
(ρ = − .200, p = .580) (Fig. 1).

In PI, a higher HR was correlated with more beta EEG frequency ac-
tivity in block 5 of the SOP (ρ = .703, p b .01), while this was not found
in CTRL (ρ = − .091, p = .790) (Fig. 2).

In PI, a statistically significant positive correlationwas found indicat-
ing that higher EEG frequency activity, beta (ρ = .565, p b .05) -and
beta2 (ρ = .650, p b .01) EEG activity during the SOP were associated
with a higher density of K-sleep spindle in Stage2 sleep, while no signif-
icant correlation was found in the CTRL-group for beta (ρ = − .029,
p = .933) nor beta2 (ρ = − .133, p = .697) EEG activity during the
SOP and K-sleep spindle (see Fig. 3). The same was found in the last
block (block 5) of the SOP, where a higher amount of beta2 (ρ = .545,
p b .05) EEG activity was positively correlated with a higher density of
K-sleep spindle in Stage2 sleep, while this was not found in the control
group for beta2 (ρ = − .098, p = .774) frequency EEG activity.

A statistically significant positive correlationwas found between beta
EEG activity (in block5 of the SOP) and Arousal density in Stage2 sleep
(ρ = .630, p b .01). This was not found in CTRL (ρ = .010, p = .978).

The positive correlation between Arousal density in Stage2 sleep and
longer latency to the first K-complex in PI (ρ = .520, p b .05) was also
absent in CTRL (ρ = .181, p = .591).

In PI, there was a strong positive correlation between HR in the SOP
and HR in SWS that showed that a higher HR in the SOP was associated
with a higher HR in SWS (ρ = .923, p b .001). This association was not
found in CTRL (ρ = .536, p = .215), see Fig. 4. Furthermore in PI, a pos-
itive correlation was found for HR during the last block (block5) of the
SOP and HR during SWS (ρ = .753, p b .01), in contrast to CTRL
(ρ = .548, p = .160).

K-alpha density in Stage2 sleepwas significantly associatedwith the
proportion of high frequency HR in SWS, in the PI-group (ρ = − .626,
p b .05), but not in the CTRL-group (ρ = − .374, p = .408). Fig. 5 illus-
trates this result.

4.2. Objective characteristics

The objective SOL was significantly (z = −2.234, p b .05) different
between the PI-group and the CTRL-group (see Table 2). The amount of
minutes spent in Stage1 (z = −1.736; p = .084), as well as in Stage2
sleep (z = −1.193, p = .238) was not different between both groups.
The amount of Slow-wave sleep was significantly different between
both groups (z = −2.877, p b .01), with the CTRL-group (39.25 ±
15.30) spending more minutes in SWS, compared with the PI-group
(21.54 ± 14.76). The amount of REM sleep was not different
(z = − .450, p = .653) between PI (18.64 ± 10.68) and CTRL
(15.27 ± 5.39). The latency to the first SWS was significantly differ-
ent between both groups (z = −2.631, p b .01), while no difference
was found for the latency to the first REM period (z = −1.080,
p = .280) (see Table 2). The Sleep Efficiency Index (SEI) was signif-
icantly different between both groups (z = −2.387, p b .05), with
CTRL (89 ± 6.75) having a higher SEI than PI (79.14 ± 10.13). A sig-
nificant difference was found in the power ratio (delta/beta EEG ac-
tivity) during the SOP (z = −2.470, p b .05), with a lower power
ratio in PI (3.36 ± 1.21) as compared with CTRL (5.73 ± 2.69).

During the SOP, beta EEG activity was found to be higher in the PI-
group during the second (z = −1.997, p b .05), third (z = −1.970,
p b .05) and fourth (z = −2.176, p b .05) block (see Table 3).

During SWS, a trend was found for delta EEG activity to be higher in
the CTRL-group (z = −1.888, p = .059), whereas theta (z = −2.607,
p b .01) and beta1 (z = −2.112, p b .05) EEG activity were found to be
significantly higher in the PI-group (see Table 3).

K-complex density (z = −1.169, p = .243) was not statistically dif-
ferent between PI (1.04 ± .55) and CTRL (.81 ± .34). The same was
found (z = − .877, p = .381) for sleep spindle density (PI: 1.26 ± .78;



Fig. 1. Correlation between power ratio in sleep onset period and misperception index in Primary insomnia (p b .05) and Controls (p = ns).
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CTRL: 1.08 ± .76). Furthermore, the density of K-sleep spindle
(z = − .398, p = .691) was not significantly different between PI
(.05 ± .07) and CTRL (.04 ± .07). The density of K-K-complexes
(z = − .121, p = .904) was not found to be significantly different
between PI (.06 ± .07) and CTRL (.11 ± .18). K-alpha density
Fig. 2. Correlation between heart rate and Beta EEG activity in sleep onset
(z = −1.702, p = .089) was not significantly different between PI
(.18 ± .18) and CTRL (.09 ± .14), nor was the Arousal density
(z = −1.790, p = .073), respectively in PI (.22 ± .23) and CTRL
(.10 ± .11). Furthermore, the latency to the first K-complex
was not significantly different (z = − .682, p = .495) between PI
period block5 in Primary insomnia (p b .01) and Controls (p = ns).

image of Fig.�2


Fig. 3. Correlation between Beta2 EEG activity in sleep onset period and K-sleep spindle density in stage2 sleep in Primary insomnia (p b .01) and Controls (p = ns).
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(5.07 ± 3.99) and CTRL (3.76 ± 2.80). None of the ECG parameters
were significantly different between both groups. During the SOP, HR
(z = − .923, p = .356) was not significantly different between PI
(71.38 ± 9.41) and CTRL (67.21 ± 8.16). The same was found for HRV
in SOP block5 (z = − .876, p = .381), where no difference was found
between PI (.87 ± .40) and CTRL (1.21 ± .72). In SOP block5, HF HR
Fig. 4. Correlation between heart rate in sleep onset period and heart rate in
(z = .000, p = 1.000) was not significantly different between the PI
(36.99 ± 14.52) and the CTRL (36.87 ± 11.65) group. The same was
found in SWS for HR (z = − .323, p = .747) between PI (66.76 ±
13.55) and CTRL (64.12 ± 9.14), HRV (z = − .258, p = 796) between
PI (1.19 ± .82) and CTRL (1.23 ± .72), and HF HR (z = − .247,
p = .805) between PI (35.95 ± 11.01) and CTRL (35.46 ± 10.37).
slow wave sleep in Primary insomnia (p b .001) and Controls (p = ns).
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Fig. 5. Correlation between K-alpha density in stage2 sleep and high frequency heart rate in slow-wave sleep in Primary insomnia (p b .05) and Controls (p = ns).
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4.3. Subjective characteristics

A statistically significant difference (z = −3.723; p b .01) in the
subjective SOL was found between the PI-group (57.33 ± 30.58) and
the CTRL-group (16.82 ± 6.81). SOL was not experienced as shorter
or longer in comparison with usual sleep nights (z = −1.130,
p = .258), when the PI-group (3.23 ± 1.01) was compared with the
CTRL-group (3.60 ± .69). Also the acceptance of the SOL (in compari-
son with usual sleep nights) was not different between both groups
(z = −1.431, p = .152), with patients (2.64 ± .74) not appreciating
the SOL as significantly worse or better when compared with the
CTRL-group (3.09 ± .70).

The misperception-index, calculated from both parameters objec-
tive and subjective SOL, was not statistically different between both
Table 2
Polysomnographic and subjective data in Primary Insomnia (PI) and Control-group
(CTRL).

PI (n = 17) CTRL (n = 11)

Objective SOL (min) * 33.77 ± 17.13 19.99 ± 14.28
Subjective SOL (min) ** 57.33 ± 30.58 16.82 ± 6.81
Stage1 (min) 5.46 ± 1.59 4.09 ± 3.32
Stage2 (min) 13.88 ± 6.56 11.64 ± 5.40
Slow-wave sleep (min) ** 21.54 ± 14.76 39.25 ± 15.30
REM-sleep (min) 18.64 ± 10.68 15.27 ± 5.39
TIB (min) 479.22 ± 28.66 478.62 ± 75.37
TST (min) * 372.28 ± 52.91 435.82 ± 55.83
Latency_SWS (min) ** 26.12 ± 14.81 15.09 ± 7.07
Latency_REM (min) 104.86 ± 45.19 88.36 ± 30.56
Sleep Efficiency Index * 79.14 ± 10.13 89 ± 6.75

Objective SOL: objective sleep onset latency; Subjective SOL: subjective sleep onset
latency; Stage 1: Stage1 sleep of the first sleep cycle before the occurrence of Stage2
sleep; Stage2: Stage2 sleep of the first sleep cycle before the occurrence of Slow-wave
sleep; Slow-wave sleep: Slow-wave sleep of the first sleep cycle before the occurrence of
REM sleep; REM-sleep: REM-sleep of the first sleep cycle; TIB: time in bed, time between
lights out and lights on; TST: total sleep time; Latency_SWS: time between the first epoch
of any sleep stage and thefirst epoch of Slow-wave sleep; Latency_REM: time between the
first epoch of any sleep stage and the first epoch of Rapid Eye Movement sleep; Sleep Ef-
ficiency Index: % Total Time in Bed/Total Sleep Time (** p b .01, * p b .05)
groups, although a trend was found (z = −1.894, p = .058). The PI-
group (− .91 ± 1.29) showedmoremisperception in SOL (i.e. subjective
estimated SOL compared with polysomnographic determined SOL) than
the CTRL-group (− .04 ± .47). Objective and subjective SOLwere signif-
icantly correlated in the CTRL-group (ρ = .669, p b .05), but not in the
PI-group (ρ = .264, p = .342). Sleep quality, assessed by a morning
questionnaire, was significantly (z = −2.962, p b .01) higher in the
CTRL-group (7.55 ± .85) compared with the PI-group (5.60 ± 1.72).
The PI-group and CTRL-group did not report a different amount of
sleep the night before their visit in the sleep lab (z = − .679, p = .536).

5. Discussion

This initial study investigated the link between SOL misperception,
EEG and ANS activity in the SOP, Stage2 sleep and Slow-wave sleep
(of the first sleep cycle) in 17 patients with primary insomnia (PI) and
11 healthy controls (CTRL). In line with our hypotheses, we found asso-
ciations between EEG and ANS measures in PI and a correlation was
Table 3
EEG activity in Sleep Onset Period and Slow-wave sleep (of the first sleep cycle) in Primary
Insomnia (PI) and Control-group (CTRL) (only statistically significant differences are
shown).

PI (n = 17) CTRL (n = 11)

Beta2 activity in SOP block2(%) ** 4.93 ± 3.27 2.79 ± 1.84
Beta activity in SOP block3(%) ** 14.29 ± 9.17 9.10 ± 5.29
Beta activity in SOP block4(%) ** 12.41 ± 4.63 7.82 ± 5.01
Power ratio in SOP * 3.36 ± 1.21 5.73 ± 2.69
Delta activity in SWS(%) 81.30 ± 5.4 84.93 ± 4.17
Theta activity in SWS(%) ** 11 ± 2.68 8.52 ± 1.86
Beta1 activity in SWS(%) * 0.41 ± 0.17 0.28 ± 0.09

Beta2 activity in SOP block2:amount of beta2 (20–24 Hz) EEG activity (%) in Sleep Onset
Period block2; Beta activity in SOP block3:amount of beta (16–30 Hz) EEG activity (%) in
Sleep Onset Period block3; Beta activity in SOP block4:amount of beta EEG activity (%) in
Sleep Onset Period block4; Power ratio in SOP: delta/beta EEG activity in Sleep Onset Pe-
riod; Delta activity in SWS: amount of delta EEG activity (%) in Slow-wave sleep; Theta ac-
tivity in SWS: amount of theta EEG activity (%) in Slow-wave sleep; Beta1 activity in SWS:
amount of beta1 EEG activity (%) in Slow-wave sleep (** p b .01, * p b .05).
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found with misperception of the SOL. Furthermore, elevated EEG and
ANS activity were associated with the sleep protective mechanisms in
a negative way. Additionally, a correlation was found between EEG
and ANS activity in the SOP and Stage2 sleep and sympathetic related
ANS activity in Slow-wave sleep.

5.1. ANS and EEG activity and SOL misperception

Our PI-group showed a higher amount of beta EEG activity in the
SOP, as compared with the CTRL-group (as found in e.g. Perlis et al.,
1997). Furthermore, strong associations were found between HR and
beta EEG activity during the last block preceding SO (block5) in the PI-
group. These associations further support the hyperarousal hypothesis
in PI (e.g. Perlis et al., 2001c) as simultaneously active in both systems.

We confirmed that misperception of the SOL was associated with a
lower delta/beta ratio in the SOP, an indication of acceleration of EEG-
activity (Perlis et al., 2001c; Krystal, 2008), thereby possibly blurring
the distinction between wakefulness and sleep (Wyatt et al., 1997).

5.2. ANS, EEG and sleep protective mechanisms

As mentioned earlier, an increased arousal density was associated
with a delayed appearance of the first K-complex in PI. This suggests
that short disruptions in the continuity of the EEG activity (i.e. arousals)
might lead to a delayed occurring of the sleep protective mechanism, as
K-complexes are suggested to build up sleep and promote deeper sleep
(Bastien et al., 2000; as reviewed by Colrain, 2005). As elevated EEG ac-
tivity (i.e. beta EEG activity) in block5 of the SOP was also found to be
correlated with a higher density of arousals (in Stage2 sleep), the idea
that the build-up of sound sleep might be hampered in PI, is further
motivated.

An elevated amount of beta EEG activity in the SOP was found to be
associatedwith a higher density of K-sleep spindle (a K-complexwithin
one second followed by a sleep spindle). This result can be interpreted
two-sided. Primarily, since sleep spindles are considered as being pro-
tective for the maintenance of NREM sleep continuity (Steriade and
Llinás, 1988), it might indicate that when a sleep spindle follows a K-
complex within a second, it defends the protective function of the K-
complex. As sleep spindle activity is being considered a sensory block
promoting sound sleep (e.g. Cote et al., 2000; Steriade et al., 1993),
when it appears closely to the K-complex, an extra attempt to protect
the continuity of sleep might be established. Secondly, it might also re-
flect a failure in the attempt to build-up (deep) sleep by the fast EEG-
frequencies following the K-complexes (e.g. as reviewed by Colrain,
2005), thereby possibly distorting the sleep protective role.

5.3. ANS, EEG and Slow-wave sleep

Persistent K-alpha (a K-complex within one second followed by 8–
12 Hz alpha EEG activity) is considered to represent an increased
‘arousal instability’, related to increased sensitivity to internal and/or
environmental stimuli (MacFarlane et al., 1996). Since HF HR is used
as an indicator of parasympathetic activity, the negative correlation
found with the density of K-alpha (a higher density of K-alpha was as-
sociated with lower HF HR in SWS), suggests that PIs might have less
stable build-up of sound sleep, possibly maintaining a higher vigilance
state during sleep.

The difficulty to build-up and maintain sound sleep in PI is further
supported by the strong positive association found between a higher
HR in the SOP and a higher HR in Slow-wave sleep.

PI had less Slow-wave sleep (in the first sleep cycle), the latency to
Slow-wave sleep was longer and PI showed intrusion of high frequency
EEG activity (beta EEG activity), when compared with CTRL. Since less
SWS and intrusion of high frequency EEG activity has been related
with lower sleep quality (Krystal and Edinger, 2008) and less restor-
ative sleep (Moldofsky et al., 1975), the differences found in sleep
quality (i.e. lower sleep quality in PI) might be attributed to the differ-
ences found in Slow-wave sleep.
5.4. Limitations

Due to the stringent exclusion criteria, resulting in less than 10% of
the patient's original database included, more conclusions cannot be
made. However, the stringent criteria used, created a homogenously
composed group without confounding factors (e.g. medication). Only
women entered this study, so generalizability is limited to female insom-
nia patients. Due to the retrospective design of the study we only
analysed the first NREM sleep cycle, restraining us from making more
definite conclusions. Because of the high amount of variables, often ob-
tained in micro-analyses, possibly spurious correlations were made.
However, the exclusion criteria used and the securely selected artefact-
free study materials used for (relative power spectral) analysis, created
a homogenously composed group. Although we tried to control for the
first night effect (by making comparisons with usual sleep nights), we
could not avoid that there was a possible first night and reverse first
night effect.

Whole night analyses are necessary to further investigate the in-
fluence of high frequency EEG activity on sleep protective mecha-
nisms and EEG dynamics through the night. Analyses with more
participants would gain more information and would also provide
group-comparability. Although C4 is a conventional EEG site for
analysis, other EEG channels (e.g. frontal and occipital derivations)
may offer even more in depth information.

To conclude, the hyperarousal state associated with PI might
be reflected not only in the typical EEG and ECG investigated indices
(e.g. beta EEG activity and higher HR), but also inmore specific sleep re-
lated protectivemechanisms, such as K-complexes and sleep spindles. If
these sleep protective mechanisms, when followed by activity faster
than 8 Hz (alpha EEG activity or sleep spindle), are inherent to PI or a
consequence of PI, possibly contributing to a higher vigilance state
throughout the night, remains subject of further investigation.
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