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Discrepancy between objective and subjective sleep param-
eters is a frequent symptom in persons suffering from
insomnia. Since it has an impairing effect on daytime well-
being and neglects possible positive objective improvements,
it would be useful if it was treated. Apart from hypnotics,
cognitive behavior therapy (CBT-I) is the therapy of choice
for chronic forms of insomnia. However, there is limited
information about whether CBT-I can also improve
subjective-objective sleep discrepancy. We investigated a
large sample of patients showing chronic forms of insomnia
regarding their subjective-objective sleep discrepancy pre
and post CBT-I. Objective sleep data were obtained from
3 nights (2 baseline nights and 1 night after therapy) using
polysomnography in our sleep laboratory. All 92 patients
participated in a 14-day inpatient program with CBT-I
including psychoeducation about subjective-objective sleep
discrepancy. Repeated measures analyses showed an im-
provement in subjective-objective sleep discrepancy
parameters after CBT-I. Those parameters were also
correlated with perceived quality of sleep. We conclude
that CBT-I is a useful tool to improve subjective-objective
sleep discrepancy in patients showing chronic forms of
insomnia.
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DISCREPANCY BETWEEN SLEEP ESTIMATION and poly-
somnographic data constitutes a frequent feature of
insomnia disorder (Perlis et al., 1997; Harvey &
Tang, 2012; Rezaie et al., 2018). Patients with
insomnia remember less sleep than measured with
polysomnography (Carskadon et al., 1976; Edinger
& Fins, 1995; Frankel et al., 1976; Rosa & Bonnet,
2000). Sleep state misperception or subjective-
objective sleep discrepancy (SOSD) is not a generic
pattern of insomnia sufferers (Means et al., 2003),
but one paradoxical phenomenon of insomnia
disorder (Edinger & Krystal, 2003; Perlis et al.,
1997) that has not been resolved until now (Harvey
& Tang, 2012). It has been postulated that it is
related to the inability to perceive short episodes
of sleep during the night when individuals show
frequent awakenings (Knab & Engel, 1988).
However, recent research indicates that current
measures may not be sensitive enough to detect
possible neurophysiological mechanisms (Rezaie
et al., 2018). Why is SOSD worth being treated?
First of all, patients underestimating objective
amounts of sleep probably miss actual improve-
ments after therapy and may develop the self-
perception of being a “hopeless case,” for example,
due to persistent sleep-related worries (Tang &
Harvey, 2004). A higher degree of accuracy in
estimating their objective sleep would be helpful
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in order to benefit from the positive effects of
insomnia-specific therapy (Harvey & Tang, 2012).
Moreover, clinical experience shows that patients
who underestimate their sleep duration feel as
exhausted as patients with objectively short sleep
(Means et al., 2003). SOSD has an effect on daytime
functioning (Semler&Harvey, 2005). Treating SOSD
therefore is one important challenge to insomnia
therapy.
There is limited information about therapies to

improve SOSD in insomnia patients.However, itwas
shown that benzodiazepines improved the percep-
tion of sleep after forced awakening in insomniacs
(Mendelson, 1993, 1995). Cognitive behavior ther-
apy for insomnia (CBT-I) is the treatment of choice
that is effective in improving sleep as measured by
polysomnography (Edinger et al., 2001;Morin et al.,
1994; Koffel et al., 2015; Riemann & Perlis, 2009).
Unfortunately, there is only a limited amount of data
about its effect on SOSD. Lund et al. examined
patients showing comorbid insomnia regarding
improvement of SOSD pre and post CBT-I and
found a correction of discrepancy using home-based
polysomnography. They were able to show that
a reduction in light sleep (sleep stage NREM 1) as
a sign of improved sleep quality was related
to improved SOSD (Lund et al., 2013). Kay et al.
found a reduction in the discrepancy between
subjective and objective wake time after sleep onset
recorded with actigraphy in older adults showing
insomnia after CBT-I (Kay et al., 2015). One
study used a psycho-educative approach (Tang &
Harvey, 2004). Persons suffering from insomnia
were either informed about the discrepancy between
actigraphy results and sleep protocol or not. The
“informed group” showed a higher accuracy in the
subsequent documentation of sleep with sleep
protocol. A similar study was performed on the
basis of polysomnography: a series of four patients
with paradoxical insomnia were informed about
their actual sleep using video and polysomnographi-
cal data. Two patients responded well to the novel
method, suggesting that sleep education on the basis
of polysomnography is a promising way to improve
sleep misperception (Geyer et al., 2011) .
The objective of this explorative study was to

investigate whether insomnia patients participating
in a standardized CBT-I program including poly-
somnography and educational components on
SOSD do not only show improved objective and
subjective sleep parameters but also show changes
in SOSD. We investigated 92 well-defined patients
with chronic insomnia regarding their SOSD. All
patients participated in an inpatient CBT-I program
lasting 14 days (Crönlein et al., 2014). The program
included psycho-educative elements about SOSD.
Methods
participants

All patients admitted for an inpatient CBT-I
program (Crönlein et al., 2014) between 2009
and 2014 were screened for the study. Only patients
showing a chronic form of insomnia were admitted
to the program. Inclusion criteria were checked
in an interview with each patient based on ICD-10
(by TC, PG and PS): inability to fall into and/or
maintain sleep in absence of acute stress or
discomfort, impairment of daytime well-being
because of disturbed sleep, enhanced focusing on
sleep problems and the absence of an untreated
sleep apnea or restless legs syndrome. Patients had
to be suffering from insomnia symptoms for at least
1 year. Exclusion criteria were untreated or treated
other sleep disorders (for example AHIN 15/h),
severe psychiatric disorders or medical conditions
that would prevent a participation in the program
(including sport activities). Different comorbid
psychopathologies were assessed by TC and PG.
Physical examinations were performed by physi-
cians on ward and supervised by PG and TW.
Two hundred forty-two patients participated in

the program. Ten patients were excluded because
of preexisting sleep apnea treated with CPAP.
Fourteen patients had to be excluded because of
untreated sleep apnea apparent in the baseline
nights, 10 patients because of severe psychiatric
disorders not evident at the first interview, 3
patients quit the program prematurely, and in
6 patients polysomnographic datawere not available
for technical reasons. Because of the effect on SOSD
by hypnotic medication, 107 patients using hypnotic
medication at the beginning of the program were
excluded from analysis.

measurements

Polysomnography
All subjects underwent a polysomnography for
three nights, with two successive baseline nights
(baseline 1 and baseline 2) in the beginning and one
polysomnography night at the end (post therapy
night) of the program. Polysomnography was per-
formed in a separated bedroom in our sleep
laboratory located in the clinic.During baseline nights
our usual recording times were conducted (10 p.m.
to 6 a.m.). In the third night bedtimes according to
the fixed bedtime schedulewere adopted (0.00 a.m. to
6.a.m.). Full cardio-respiratory polysomnographic
recordings were performed and scored according
to the manual of the American Academy of Sleep
Medicine, version 2.0 (Iber et al., 2007), including
electroencephalogram (frontal, central and occipital
leads, referenced to the contralateral mastoid),



996 cr önle in e t al .
electrooculogram (alternative derivation, E1-Fpz and
E2-Fpz), electromyogram of the chin muscle, tibialis
anterior muscles bilaterally, nasal airflow (pressure
transducer) thoracic and abdominal respiration
(uncalibrated induction plethysmography), oxygen
saturation, electrocardiogram and body position.
Hypopnea definition B (alternative) was used. Sleep
stages, sleep latency, total sleep time, wake time after
sleep onset and respiratory events were classified by a
trained staffmember according to theAASMmanual.
During the recording and throughout the therapy
patientswere allowed to keep their watches; however,
they were instructed not to look at them during the
night.

Psychometric Assessments of Insomnia
The Regensburg Insomnia Scale (RIS) was devel-
oped to assess psychological symptoms of insomnia.
It contains 10 items that measure sleep quantity and
quality, sleep-related anxiety and worries, hypnotic
intake and daytime fitness with a possible score
range of 0 to 40 (cut-off for insomnia disorder:
N12). Internal consistency is .890 and component
analysis revealed four components. It has been
cross-validated with the Pittsburgh Sleep Quality
Index (PSQI; Crönlein et al., 2013). The PSQI was
designed to measure the subjectively perceived sleep
quality (Buysse et al., 1989). A score of 6 points and
more is considered to be pathological.

Assessment of Subjective Sleep Data
Subjective sleep latency in minutes (SubSOL),
subjective sleep time in minutes (SubTST), and
subjective wake time after sleep onset (SubWASO)
were assessed with a morning questionnaire admin-
istered after each polysomnography night. Within
this questionnaire subjective sleep quality was asked
in a Likert scale using following grades: 1 = very
good; 2 = good; 3 = fairly good; 4 = acceptable; 5 =
not acceptable; and 6 = insufficient.

procedure

On the day of admission all patients had a physical
and psychological examination conducted by phy-
sicians from our sleep laboratory (supervised by
PG and TW) and filled out the RIS and the PSQI.
Polysomnography was performed as specified
above. After each polysomnography night, patients
were informed individually about their results (by
TC and PG) of objective and subjective sleep and
in case of SOSD the gap was explained. Hereby,
patients were sat in front of the computer and
were informed about their individual polysomno-
graphy showing parts of their wave forms and the
hypnogram. During the program (conducted by
TC), all patients had to keep a 6-hour schedule
of bedtime hours. This regime of fixed bedtime is a
variation of the original Spielman bedtime restric-
tion. It improves sleep quality (Crönlein et al.,
2014) without producing too much tiredness, thus
enabling persons to participate in the daily schedule
of the program. Patients were only allowed to use
the bed for sleeping (stimulus control) and were
instructed to leave the bed if awake during the
night. They were instructed not to check the time
during the night. However, they were allowed
to have an alarm clock. They practiced relaxation
techniques every day. They were educated about
insomnia-specific dysfunctional behavior and cog-
nitions about sleep in group sessions. Information
on SOSD as a part of dysfunctional thinking was
part of the psycho-educative program. Patients were
informed about the possible gap between objective
and subjective sleep and were encouraged to give
the thought a chance that their body produces
more sleep than normally is remembered. CBT-I
was conducted in 10 hours of group and 5 hours of
single sessions. All patients were treated in groups
of eight persons. During the program all patients
stayed as normal inpatients on our psychiatric
ward. All patients signed an informed consent.
The study was approved by the Ethics Committee of
the University of Regensburg.

statistics

The following sleep parameters were studied:
sleep onset latency (SOL), total sleep time (TST),
sleep efficiency (SE), wake time after sleep onset
(WASO), subjective sleep onset latency (SubSOL),
subjective sleep time (SubTST) and subjective wake
time after sleep onset (SubWASO). Sleep perception
parameters were obtained by calculating the
difference scores of subjective and objective sleep
(in minutes). This procedure was done for sleep
latency (SPSOL) parameters, sleep duration (SPTST)
parameters and wake time after sleep onset
(SPWASO) parameters of all nights.
In order to analyze changes in objective and

subjective sleep parameters (SOL, TST, WASO, SE,
SubSOL, SubTST and SubWASO) and sleep per-
ception parameters (SPSOL, SPTST and SPWASO)
over time, repeated measures analyses of variance
(ANOVA) with the within-subjects factor measure-
ment time point (baseline 1, baseline 2, post therapy
night) were performed. The sphericity of data was
checked with Mauchly-Tests. In case of significant
Mauchly-Tests, Greenhouse-Geisser corrections
were applied. Bonferroni corrected pairwise com-
parisons were performed. Non-parametric tests for
paired samples were used to calculate differences in
subjective sleep quality grades between two baseline
nights and between baseline 2 and the post therapy
night (Wilcoxon-Test). Non-parametric tests were



Table 1
Epidemiological Data From Patients With Severe and Chronic
Insomnia All Participating in a Standardized Program of
Cognitive Behavior Therapy for Insomnia

Number 92
Women 76
Age 50.9 (± 12.1 years)
Mean duration of insomnia 12.4 (± 11.5 years)
Body mass index 24.3 (± 4.4 kg/m2 )
Mean Score PSQI 14.3 (± 2.6)
Mean RIS Score 24.1 (± 5.3)

RIS = Regensburg Insomnia Rating Scale; PSQI = Pittsburgh
Sleep Quality Index
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used because subjective sleep quality grades are
based on the Likert scale.
Comparisons of subjective and objective sleep

latencies (SubSOL and SOL) as well as subjective
and objective sleep duration (SubTST and TST) and
subjective and objective wake time after sleep onset
(SubWASO and WASO) for all polysomnographic
nights were done using paired t-tests.
For all three nights, correlation coefficients

(Spearman rho) were calculated between subjective
sleep quality and sleep perception parameters
(SPSOL, SPTST and SPWASO).
Cohen’s d was calculated for all parameters

between the two baseline nights and between
baseline 2 and the night after therapy.
A level of significance of 0.05 was selected. SPSS

22.0 was used.

Results
epidemiological data

Ninety-two patients with chronic insomnia were
included in the analysis (Table 1). The sample
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FIGURE 1 Objective (TST) and subjective (S
baseline nights and the night after therapy. Means
consisted of middle-aged adults (mean age 51 years),
predominantly females. They all showed chronic
insomnia with a mean duration of 12 years. Self-
estimation of severity of insomnia (RIS and PSQI)was
above the cut-off scores.

objective sleep data

Repeated measures ANOVA showed a significant
effect of time for sleep onset latency, F(1.33, 120.57)
= 15.31; p b .0005. Bonferroni corrected pairwise
comparisons showed no reduction frombaseline 1 to
baseline 2 (p = .133) and a significant reduction from
baseline 2 to the post therapy night (p =.001).
Repeated measures ANOVA showed a significant
effect of time for total sleep time, F(1.84, 167.57) =
11.56; p b .0005. Total sleep time was enhanced
from baseline 1 to baseline 2 (p b .0005) and was
reduced frombaseline 2 to the post therapy night (pb
.0005) (see Figure 1). However, it should be noted
here that post therapy night time in bed was reduced
from 8 to 6 hours. A significant effect of time for
wake time after sleep onset, F(1.94, 176.18) = 24.52;
p b .0005, was seen. Bonferroni corrected pairwise
comparisons showed no reduction frombaseline 1 to
baseline 2 (p = .121) and a significant reduction from
baseline 2 to the post therapy night (p b .0005). SE
showed a significant change over time, F(1.82,
163.56)= 22.02; p b .0005. Post hoc tests showed
an improvement in sleep efficiency from baseline1 to
baseline 2 (p = .001) and from baseline 2 to the post
therapy night (p = .004).

subjective sleep data

Subjective sleep latencies changed over time, F(1.77,
160.73) = 9.86; p b .0005. Post hoc tests revealed no
Post therapy night

TST

SUBTST

UBTST) sleep duration in minutes in two
and standard errors of the means.
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significant differences between both baseline nights
(p = 1.0), but a significant improvement was seen
from baseline 2 to the post therapy night (p = .006).
Subjective sleep duration did not show any changes
over time, F(2,182) = 2.12; p = .124 (see Figure 1).
Subjective wake time after sleep onset changed
over time, F(1.95, 177.71) = 17.203; pb .0005. Post
hoc tests revealed no significant differences between
both baseline nights (p = .869), but a significant
improvement was seen from baseline 2 to the post
therapy night (p b .0005).

changes in sleep parameters
after therapy

The Wilcoxon Test revealed no significant differ-
ence between grades (Quality of Sleep) of the two
baseline nights, Z (92) = -.72; p = .471. However, a
significant improvement in sleep quality was seen
after therapy, Z (92) = -2.39; p = .017.
We could see medium Cohen’s d effects after

therapy for SOL, WASO, TIB, SPT and SubWASO
and small effects regarding the change of SE,
NREM3 and SubSOL. Between baseline nights
we saw small Cohen’s d effect sizes in SOL, TST,
WASO and SE (see Table 2).

perception of sleep latency

Paired t-tests revealed significant differences be-
tween subjective and objective sleep latencies in all
three nights (baseline 1: t(91) = -7.08, p b .0005,
baseline 2: t(91) = -7.50; p b .0005; post therapy
Table 2
Sleep Parameters of 92 Insomnia Patients at Two Consecutive Bas

Sleep parameters Baseline night1 Baseline night2 Cohen’s

Sleep onset latency 23.8 ± 37.0 12.6 ± 16.3 - 0.39
Total sleep time 325.5 ± 70.8 354.0 ± 41.8 0.49
WASO 80.0 ± 50.4 67.1 ± 51.9 - 0.25
Time in Bed 436.3 ± 29.8 441.0 ± 41.1 0.13
Sleep efficiency (%) 74.0 ± 15.0 79.9 ± 12.4 0.43
Sleep period time 402.7 ± 51.3 420.1 ± 47.4 0.15
NREM1 (% of SPT) 11.1 ± 5.8 10.6 ± 5.5 - 0.09
NREM2 (% of SPT) 41.6 ± 10.4 42.2 ± 10.5 0.06
NREM3 (% of SPT) 13.4 ± 8.9 14.5 ± 8.5 0.13
REM (% of SPT) 15.2 ± 16.7 16.4 ± 6.0 0.10
SubSOL (min.) 68.4 ± 61.5 61.1 ± 65.4 - 0.11
SubTST (min.) 237.5 ± 89.9 247.6 ± 89.5 0.11
SubWASO (min.) 128.5 ± 91.0 117.7 ± 97.9 - 0.11
Sleep quality 3.5 ± 1.0 3.4 ±1.0
SPSOL (min.) 44.5 ± 60.3 48.5 ± 62.0 0.06
SPTST (min.) -88.0 ± 84.0 -106.4 ± 90.0 - 0.21
SPWASO (min.) 48.5 ± 89.8 50.6 ± 81.7 0.02

Note. p values from ANOVA and Cohen’s d are reported. WASO = Wa
Rapid eye movement sleep, REM = Rapid eye movement sleep, SubS
SubWASO = Subjective wake time after sleep onset; Sleep quality = gra
sleep latency, SPTST = Difference between subjective and objective sle
wake time after sleep onset.
night: t(91) = -7.70; p b .0005). Sleep latency was
overestimated in all nights.
Repeated measures ANOVA showed a change

of SOSD parameters (see Table 2) of sleep latency
(SPSOL), F(1.66, 151.33) = 3.12; p = .056,
however, not reaching a level of significance.
Bonferroni corrected pairwise comparisons re-
vealed no difference between both baseline nights
(p = 1.0) and a tendency between baseline 2 and the
post therapy night (p = .05).

perception of sleep duration

Paired t-tests revealed significant differences be-
tween subjective and objective sleep duration for all
three nights. Sleep duration was underestimated:
at all times (baseline 1: t(91) = -10.05, p b .0005,
baseline 2: t (91)= 11.33 p b .0005 and the post
therapy night 3: t(91) = -7.65; p b .0005.
Repeated measures ANOVA showed a signifi-

cant change of sleep perception (SPTST) over time,
F(1.85, 168.67) = 8.04; p b .001. Post-hoc tests
revealed no differences between baseline 1 and
baseline 2 (p = .199) and a significant difference
between baseline 2 and the post therapy night
(p b .0005).

perception of wake after sleep onset

Paired t-tests revealed significant differences be-
tween subjective and objective sleep wake time
after sleep onset for all three nights. Wake time
after sleep onset was overestimated at all times
eline Nights and the Night After Therapy

d Post Therapy night Cohen’s d F; p

6.2 ± 7.1 - 0.51 15.31; p b .0005
323.6 ± 50.0 - 0.66 11.56; pb. 0005
40.8 ± 29.1 - 0.62 24.54; pb .0005
376.8 ± 39.1 - 1.6 130.21; pb .0005
84.6 ± 12.6 0.38 22.02; pb .0005
364.3 ± 48.4 - 1.16 43.81; pb .0005
10.3 ± 5.8 0.05 .854; p = .431
43.9 ± 9.6 0.17 1.70; p =.185
18.0 ± 11.7 0.34 13.17; pb .0005
15.9 ± 5.6 - 0.09 .431; p = .651
38.0 ± 39.9 - 0.43 9.86; p b .0005
256.8 ± 80.2 0.11 2.11; p = .124
74.0 ± 64.1 - 0.53 17.203; p = .215
3.1 ± 0.9 Chi2 12.741; p b .0005
31.8 ± 39.6 - 0.32 3.12; p = .056
-66.8 ± 83.7 0.46 8.04; p =.001
35.2 ± 64.0 - 0.21 1.55; p = .215

ke time after sleep onset, SPT = Sleep period time, NREM= Non-
OL = Subjective sleep latency, SubTST = Subjective sleep time,
des 1 to 6; SPSOL = Difference between subjective and objective
ep time, SPWASO = Difference between subjective and objective
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(baseline 1: t(91) = -5.18, p b .0005, baseline 2:
t (91)= -5.941; p b .0005 and therapy night 3: t(91) =
-5.28; p b .0005). Repeated measures ANOVA
did not show a significant change of perceived
wake time after sleep onset, F(1.98; 180.37) = 1.55;
p = .215 (see Table 2).
We could see small Cohen’s d effect sizes in

SPSOL, SPTST and SPWASO after therapy.

correlation between sleep perception
and sleep quality

SOSD in sleep time was associated with less positive
sleep quality. This association was found in all three
nights: baseline 1: Spearman rho= -.52; p b .0005;
baseline 2: Spearman rho= -.41; p b .0005; night
after therapy: Spearman rho = -.53; p b .0005. We
found a positive correlation between sleep quality
and SOSD of sleep latency in all three nights.
Baseline 1: Spearman rho= .28; p = .007; baseline 2:
Spearman rho = .24; p = .021; the night after
therapy: Spearman rho = .35; p b .0005. A smaller
magnitude of overestimation of sleep latency was
associated with a better subjective quality of the
night. Moreover, there was a positive correlation
between perception of wake time after sleep
onset and estimation of sleep quality in all nights:
baseline 1: Spearman rho = .44; p b .0005; baseline
2: Spearman rho = .46; p b .0005; the night after
therapy: Spearman rho = .43; p b .0005. Thus
accuracy of sleep perception was correlated with
subjective quality of the night (see Figure 2).
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FIGURE 2 Subjective sleep quality expressed in g
in the night after therapy. Spearman rho = .53; pb
Discussion
To our knowledge this is the first study investigating
the effect of CBT-I on SOSD in insomnia disorder
using polysomnography in a large sample of
patients. Our sample consisted of patients suffering
from a chronic and severe form of insomnia
disorder, which is apparent in their high PSQI and
RIS scores. Patients showed an underestimation of
sleep time and overestimation of sleep latency and
wake time after sleep onset, which is very frequent in
insomnia disorder. We are aware that not all
patients show SOSD (Edinger & Krystal, 2003)
and the new classification system ICSD-3 ceased to
use subtype insomnia disorders such as paradoxical
insomnia. However, SOSD is still often found in
insomnia patients and more research is needed to
disentangle its underlying mechanisms.
In our sample, the degree of SOSD was consistent

over two consecutive baseline nights. After partici-
pating in a 14-day CBT-I program, an improvement
in estimating sleep duration was observed. Our data
are in line with earlier studies (Kay et al., 2015).
What are possible explanations for better sleep

perception after CBT-I? One reason may be an
improvement in objective sleep quality. After CBT-I,
sleep latency was shorter and sleep efficiency
increased. Thus, it is possible that a better sleep
efficiency may have an impact on SOSD. It was
shown earlier that SOSD seems to be associated
with the number of nightly wake time periods (Knab
&Engel, 1988). By reducing nightly wake time after
rades and sleep time perception parameters
.0005.
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sleep onset, it is possible that sleep may be perceived
more accurately according to polysomnographic
measurements. Future studies are necessary to
investigate the effect of consolidated versus uncon-
solidated sleep on SOSD. However, our data point
in this direction.
Another reason may be an improvement in

perceived sleep quality. The patients’ evaluation of
parameters of sleep quality improved at the end of
therapy. Therewas a significant correlation between
subjective parameters and subjective-objective sleep
time discrepancy. It is possible that there is an
interaction of perceived quality of sleep and the
accuracy of estimating sleep duration. Hence,
experiencing bad sleep may impair the capability
to estimate objective sleep duration. It is possible
that patients are judging according to plausibility: I
feel badly, therefore I must have slept less. Future
studies here should highlight this particular associ-
ation of emotion and sleep estimation.
Regarding the effect of CBT-I on sleep perception,

we suppose that psycho-educative strategies about
sleep, especially with respect to the differences of
objective and subjective sleep, could be further
reason for the improvement. This would be in line
with the findings of Tang et al., who improved sleep
perception by explaining to the patients what their
measured sleep actually was (Tang & Harvey,
2004). Improved sleep perception therefore could
be a consequence of a specific education.
It is necessarymentioning that although there was

a statistical improvement in our data, we saw that
SOSD did not cease altogether. As Tang andHarvey
(2004) have found, there may be a correlation with
persistent sleep-related worries we did not measure.
However, in a post hoc analysis we could see a
significant correlation between the degree of SOSD
and the RIS item (“I have the feeling of not having
slept at all”; Spearman rho = .367; p = .0005). This
indicates that some patients may not only have
problems with estimating sleep time correctly but in
feeling sleep at all (McCall & Edinger, 1992), which
again fuels the discussion about the validity of
current sleep measurements (Rezaie et al., 2018).

limitation

A limiting factor is the lack of a sham treatment
as a control condition so that no statement about
an effect of CBT-I on SOSD is allowed. However,
we have two baseline nights, so that an influence
of CBT-I is at least possible. Further studies using
sham treatments are necessary to prove any effects.
A further limitation of the study was the lack of
sleep diaries for pre and post therapy and the
fact that no distinction between different grades
of SOSD severity was conducted. However, since
subtypes such as paradoxical insomnia were
abandoned in newer classification systems, no
subtyping was performed in our study. In addition,
we did not discriminate between the effect of
educating about SOSD and the other CBT-I tools.
We had a rather explorative interest in whether
participating at CBT-I including psycho-educative
components about SOSDwould change it per se. At
this point it is important to mention that patients
were allowed to have an alarm clocks in their
rooms. Tang et al. have shown the negative effects
on the process of falling asleep and overestimating
sleep latency (Tang et al., 2007). However, the
patients were explicitly informed about the rela-
tionship of clock watching to impaired sleep and
were strictly instructed to turn away the displays. In
addition, the fact that the third night was conducted
with the 6-hour bedtime restriction schedule could
be seen as a limiting factor as well. This might reflect
not a naturalistic result in case of an improvement of
more than a 6-hour sleep duration. However, our
sample did not show an improvement in total sleep
time, which is consistent with former polysomno-
graphic data on CBT-I effects (Kyle et al., 2014).
Our inpatient setting differs from normally deliv-

ered CBT-I, since there is closer contact between
therapist and patients and the possibility to control
the compliance every day. The setting also differs
regarding the aspect of two polysomnographic
baseline nights, comprising the possibility to educate
the patients about their individual sleep and possible
SOSD. Thus, further studies should show whether
including an educational component about SOSD
in an outpatient setting has a similar effect.

Conclusion
CBT-I may improve SOSD in patients with chronic
insomnia. Possible factors could be better sleep
efficiency together with a better understanding of
SOSD mediated by specific psycho-educative ele-
ments of CBT-I.

Conflict of Interest Statement
This was not an industry-supported study. The authors have
indicated no conflicts of interest related to the study.

References

Buysse, D. J., Reynolds, C. F. III, Monk, T. H., Berman, S. R., &
Kupfer, D. J. (1989). The Pittsburgh Sleep Quality Index:
a new instrument for psychiatric practice and research.
Psychiatry Research, 28, 193–213. https://doi.org/10.1016/
0165-1781(89)90047-4.

Carskadon,M. A., Dement,W. C.,Mitler,M.M., Guilleminault,
C., Zarcone, V. P., & Spiegel, R. (1976). Self-reports versus
sleep laboratory findings in 122 drug-free subjects with
complaints of chronic insomnia. The American Journal
of Psychiatry, 133, 1382–1388. https://doi.org/10.1176/ajp.
133.12.1382.



1001cbt - i & sub j ect i v e -ob j ect i ve s l e e p d i screpancy
Cronlein, T., Langguth, B., Geisler, P., Wetter, T. C., &
Eichhammer, P. (2014). Fourteen-day inpatient cognitive-
behavioural therapy for insomnia: a logical and useful
extension of the stepped-care approach for the treatment of
insomnia. Psychotherapy and Psychosomatics, 83, 255–256.
https://doi.org/10.1159/000360706.

Cronlein, T., Langguth, B., Popp, R., Lukesch, H., Pieh, C.,
Hajak, G., & Geisler, P. (2013). Regensburg Insomnia Scale
(RIS): a new short rating scale for the assessment of
psychological symptoms and sleep in insomnia; Study design:
development and validation of a new short self-rating scale
in a sample of 218 patients suffering from insomnia and
94 healthy controls. Health and Quality of Life Outcomes,
11, 65. https://doi.org/10.1186/1477-7525-11-65.

Edinger, J. D., & Fins, A. I. (1995). The distribution and clinical
significance of sleep time misperceptions among insomniacs.
Sleep, 18, 232–239. https://psycnet.apa.org/doi/10.1093/
sleep/18.4.232.

Edinger, J. D., & Krystal, A. D. (2003). Subtyping primary
insomnia: is sleep state misperception a distinct clinical
entity? Sleep Medicine Reviews, 7, 203–214. https://doi.org/
10.1053/smrv.2002.0253.

Edinger, J. D., Wohlgemuth,W. K., Radtke, R. A., Marsh, G. R.,
& Quillian, R. E. (2001). Cognitive behavioral therapy for
treatment of chronic primary insomnia: a randomized
controlled trial. Journal of the AmericanMedical Association,
285, 1856–1864. https://doi.org/10.1001/jama.285.14.1856.

Frankel, B. L., Coursey, R. D., Buchbinder, R., & Snyder, F.
(1976). Recorded and reported sleep in chronic primary
insomnia. Archives of General Psychiatry, 33, 615–623.
https://doi.org/10.1001/archpsyc.1976.01770050067011.

Geyer, J. D., Lichstein, K. L., Ruiter, M. E., Ward, L. C.,
Carney, P. R., & Dillard, S. C. (2011). Sleep education
for paradoxical insomnia. Behavioral Sleep Medicine, 9,
266–272. https://doi.org/10.1080/15402002.2011.607022.

Harvey, A. G., & Tang, N. K. (2012). (Mis)perception of sleep
in insomnia: a puzzle and a resolution. Psychological
Bulletin, 138, 77–101. https://doi.org/10.1037/a0025730

Iber, C., Ancoli-Israel, S., Chesson, A., & Quan, S. F. (2007).
The AASM Manual for the Scoring of Sleep and Associated
Events: Rules, Terminology and Technical Specifications.
Westchester III: American Academy of Sleep Medicine.

Kay, D. B., Buysse, D. J., Germain, A., Hall, M., &Monk, T. H.
(2015). Subjective-objective sleep discrepancy among
older adults: associations with insomnia diagnosis and
insomnia treatment. Journal of Sleep Research, 24, 32–39.
https://onlinelibrary.wiley.com/doi/full/10.1111/jsr.12220.

Knab, B., & Engel, R. R. (1988). Perception of waking
and sleeping: possible implications for the evaluation of
insomnia. Sleep, 11, 265–272.

Koffel, E. A., Koffel, J. B., & Gehrman, P. R. (2015). A meta-
analysis of group cognitive behavioral therapy for insomnia.
SleepMedicine Reviews, 19, 6–16. https://doi.org/10.1016/j.
smrv.2014.05.001

Kyle, S. D., Miller, C. B., Rogers, Z., Siriwardena, A. N.,
MacMahon, K. M., & Espie, C. A. (2014). Sleep restriction
therapy for insomnia is associated with reduced objective
total sleep time, increased daytime somnolence, and
objectively impaired vigilance: implications for the clinical
management of insomnia disorder. Sleep, 37, 229–237.
https://academic.oup.com/sleep/article/37/2/229/2558945.

Lund, H. G., Rybarczyk, B. D., Perrin, P. B., Leszczyszyn, D., &
Stepanski, E. (2013). The discrepancy between subjective
and objective measures of sleep in older adults receiving
CBT for comorbid insomnia. Journal of Clinical Psychology,
69, 1108–1120. https://doi.org/10.1002/jclp.21938

McCall, W. V., & Edinger, J. D. (1992). Subjective Total
Insomnia: An Example of Sleep State Misperception. Sleep,
15, 71–73.

Means, M. K., Edinger, J. D., Glenn, D. M., & Fins, A. I.
(2003). Accuracy of sleep perceptions among insomnia
sufferers and normal sleepers. Sleep Medicine, 4, 285–296.
https://doi.org/10.1016/S1389-9457(03)00057-1.

Mendelson, W. B. (1993). Pharmacologic alteration of the
perception of being awake or asleep. Sleep, 16, 641–646.
https://doi.org/10.1093/sleep/16.7.641.

Mendelson, W. B. (1995). Effects of flurazepam and zolpidem
on the perception of sleep in insomniacs. Sleep, 18, 92–96.

Morin, C. M., Culbert, J. P., & Schwartz, S. M. (1994).
Nonpharmacological interventions for insomnia: a meta-
analysis of treatment efficacy.American Journal of Psychiatry,
151, 1172–1180. https://doi.org/10.1176/ajp.151.8.1172

Perlis, M. L., Giles, D. E., Mendelson, W. B., Bootzin, R. R., &
Wyatt, J. K. (1997). Psychophysiological insomnia: the
behaviouralmodel and a neurocognitive perspective. Journal
of Sleep Research, 6, 179–188. https://doi.org/10.1046/j.
1365-2869.1997.00045.x

Riemann, D., & Perlis, M. L. (2009). The treatments of chronic
insomnia: a review of benzodiazepine receptor agonists and
psychological and behavioral therapies. Sleep Medicine
Reviews, 13, 205–214. https://doi.org/10.1016/j.smrv.
2008.06.001.

Rezaie, L., Fobian, A. D., McCall, W. V., & Khazaie, H.
(2018). Paradoxical insomnia and subjective – objective
sleep discrepancy: A review. Sleep Medicine Reviews, 40,
196–202. https://doi.org/10.1016/j.smrv.2018.01.002.

Rosa,R.R.,&Bonnet,M.H. (2000).Reported chronic insomnia is
independent of poor sleep as measured by electroencephalog-
raphy. Psychosomatic Medicine, 62, 474–482. https://doi.org/
10.1097/00006842-200007000-00004.

Semler, C.N.,&Harvey, A.G. (2005).Misperception of sleep can
adversely affect daytime functioning in insomnia. Behaviour
Research and Therapy, 43, 843–856. https://doi.org/10.1016/
j.brat.2004.06.016.

Tang, N. K., & Harvey, A. G. (2004). Correcting distorted
perception of sleep in insomnia: a novel behavioural
experiment? Behaviour Research and Therapy, 42, 27–39.
https://doi.org/10.1016/S0005-7967(03)00068-8.

Tang, N. K., Schmidt, A.,&Harvey, A. G. (2007). Sleeping with
the enemy: clockmonitoring in themaintenance of insomnia.
Journal of Behavior Therapy and Experimental Psychiatry,
38, 40–55. https://doi.org/10.1016/j.jbtep.2005.07.004.
RECEIVED: September 1, 2018
ACCEPTED: March 15, 2019
AVAILABLE ONLINE: 23 March 2019


	Changes in Subjective-Objective Sleep Discrepancy Following Inpatient Cognitive Behavior Therapy for Insomnia
	Methods
	participants
	measurements
	Polysomnography
	Psychometric Assessments of Insomnia
	Assessment of Subjective Sleep Data

	procedure
	statistics

	Results
	epidemiological data
	objective sleep data
	subjective sleep data
	changes in sleep parameters �after therapy
	perception of sleep latency
	perception of sleep duration
	perception of wake after sleep onset
	correlation between sleep perception and sleep quality

	Discussion
	limitation

	Conclusion
	Conflict of Interest Statement
	References


