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Abstract
Objective—Sleep misperception is considered by some investigators a common characteristic of
chronic insomnia, whereas others propose it as a separate diagnosis. The frequency and the
determinants of sleep misperception in general population samples are unknown. In this study we
examined the role of objective sleep duration, a novel marker in phenotyping insomnia, and
psychological profiles on sleep misperception in a large, general population sample.

Methods—142 insomniacs and 724 controls selected from a general random sample of 1,741
individuals (age ≥ 20 years) underwent a polysomnographic evaluation, completed the Minnesota
Multiphasic Personality Inventory-2, and were split into two groups based on their objective sleep
duration: “normal sleep duration” (≥ 6 hours) and “short sleep duration” (< 6 hours).

Results—The discrepancy between subjective and objective sleep duration was determined by
two independent factors. Short sleepers reported more sleep than they objectively had and
insomniacs reported less sleep than controls with similar objective sleep duration. The additive
effect of these two factors resulted in underestimation only in insomniacs with normal sleep
duration. Insomniacs with normal sleep duration showed a MMPI-2 profile of high depression and
anxiety, and low ego strength, whereas insomniacs with short sleep duration showed a profile of a
medical disorder.

Conclusions—Underestimation of sleep duration is prevalent among insomniacs with objective
normal sleep duration. Anxious-ruminative traits and poor resources for coping with stress appear
to mediate the underestimation of sleep duration. These data further support the validity and
clinical utility of objective sleep measures in phenotyping insomnia.
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Introduction
Insomnia is the most common sleep disorder, yet little is known about the etiology,
pathophysiology, clinical course, and consequences of this highly prevalent chronic
condition (1,2). According to the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV), individuals with chronic insomnia complain of sleep difficulties and frequently
underestimate their sleep duration (3). Some investigators in the field of insomnia consider
the underestimation of sleep duration a trait feature of all insomniacs, in which extreme
cases might exist (4), while others suggest that a more severe small subgroup of chronic
insomnia patients that consistently underestimate their sleep duration deserves a separate
diagnostic category (5). Indeed, this latter view is somewhat represented by the International
Classification of Sleep Disorders (ICSD-2) (6), which allows the diagnosis of “paradoxical
insomnia” (so-called “sleep state misperception”), whereas the DSM-IV does not include
this diagnosis under “primary insomnia” (3) because of insufficient evidence to support its
separate existence (4).

We have previously reported that objective sleep duration in insomnia in the general
population may be a useful marker in phenotyping chronic insomnia. In the first phenotype,
insomnia is associated with objective short sleep duration, activation of the hypothalamic-
pituitary-adrenal (HPA) axis (7-11), hypertension (12), type 2 diabetes (13), and
neurocognitive deficits (14). In the other phenotype, insomnia is associated with objective
normal sleep duration, normal HPA axis activity, and lack of medical morbidity. Whether
these two phenotypes differ in terms of estimation of sleep duration, i.e. sleep
misperception, has not been examined. Furthermore, it is not known whether these two
phenotypes are different in terms of their psychological profiles. The answer to these
questions may have significant clinical implications, as these two phenotypes may benefit
from different treatment approaches.

In this study we examined the role of objective sleep duration and psychological profiles in
the association between chronic insomnia and sleep misperception in a large cross-sectional
general random sample (The Penn State Cohort) using polysomnographic measures and
psychological testing (i.e., Minnesota Multiphasic Personality Inventory-2).

Methods
Population

The data presented here were collected as part of a population-based cross-sectional study of
sleep disorders, which used a two-phase protocol in order to recruit participants from
various age groups (15-17). In the first phase of the study, a sample of adult men and women
(age ≥ 20 years) was randomly selected from local telephone households in two counties of
Central Pennsylvania (Dauphin and Lebanon) using the Mitofsky–Waksberg two-stage
random digit dialing procedure (18). A within-household selection procedure described by
Kish was used to select the specific man or woman to be interviewed (19). Telephone
interviews were conducted with 4,364 age-eligible men and 12,219 age-eligible women
residing in the sample households for a total sample of 16,583 with a response rate of 73.5%
and 74.1%, respectively. The questionnaire employed in this interview included basic
demographic and sleep information. In the second phase of this study, a subsample of 741
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men and 1,000 women selected from those subjects previously interviewed by telephone
were studied in our sleep laboratory. The response rate for this phase was 67.8% and 65.8%
for men and women, respectively. Data were collected between January 1990 and March
1999. We contrasted those subjects who were recorded in the laboratory with those who
were selected but not recorded in terms of age, BMI, and prevalence of sleep disorders.
There were no significant differences between these two groups on any of these variables.
After complete description of the study to the subjects, written informed consent was
obtained. The study procedure was approved by the University’s Institutional Review Board.

Each subject selected for laboratory evaluation completed a comprehensive sleep history and
physical examination. All subjects were evaluated for one night in the sleep laboratory in
sound-attenuated, light- and temperature-controlled rooms. During this evaluation, each
subject was continuously monitored for 8 hours (fixed-time period) using 16-channel
polysomnography including electroencephalogram, electrooculogram, and electromyogram.
Bedtimes were adjusted to conform to subjects’ usual bedtimes, and subjects were recorded
between 10:00-11:00 p.m. and 6:00-7:00 a.m. In this random general sample of Central
Pennsylvania the vast majority of individuals went to bed between 10:00 and 11:00 p.m.,
whereas only a small minority went to sleep outside of this time window and none for more
than an hour. Thus, the maximum adjustment we had to do was of 1 hour. The sleep
recordings were subsequently scored independently according to Rechtschaffen and Kales
criteria (20). Percent of sleep time is total sleep time divided by recorded time in bed and
multiplied by 100. Respiration was monitored throughout the night by use of thermocouples
at the nose and mouth and thoracic strain gauges. All-night recordings of hemoglobin
oxygen saturation (SaO2) were obtained with an oximeter attached to the finger.

Key measurements
As part of this protocol we also assessed for the presence of all sleep disorders, which was
based on a standardized questionnaire completed by the subjects on the evening of their
sleep laboratory visit. The characteristics and content of this questionnaire have been
extensively presented elsewhere (12-17). The presence of “insomnia” was established by a
complaint of insomnia with a duration of ≥ 1 year. “Poor sleep” was defined as a moderate
to severe complaint of difficulty falling asleep, difficulty staying asleep, early final
awakening, or unrefreshing sleep. “Normal sleeping” was defined as the absence of sleep
complaints (i.e., insomnia, poor sleep, or excessive daytime sleepiness). The presence of
excessive daytime sleepiness (EDS) was established based on a moderate or severe rating on
either of the following two questions: “do you feel drowsy or sleepy most of the day but
manage to stay awake?” and “do you have any irresistible sleep attacks during the day?”.
“Subjective sleep duration” was ascertained by responses, recorded in hours, to the
following questions: “how many hours do you usually sleep at night?” (i.e., habitual
subjective sleep duration) and “How much sleep do you think you got last night?” (i.e., next-
morning subjective sleep duration), with the latter being an item of a next-morning
standardized questionnaire. The “discrepancy in sleep duration” was calculated by
subtracting objective sleep duration (in hours) from subjective sleep duration (in hours),
with positive scores indicating a tendency to overestimate and negative scores a tendency to
underestimate sleep duration. A discrepancy index was obtained for each measure of
habitual and next-morning subjective sleep duration. We defined an accurate estimation of
sleep duration as a discrepancy score lying between -1.0h and +1.0h, overestimation as a
discrepancy score ≥ +1.0h, and underestimation as a discrepancy score ≤ -1.0h. In the
present study “sleep misperception” refers to the subjective underestimation of objective
sleep, as it is commonly used in the existing literature (5).

The MMPI-2 was administered following the standardized rules and scored accordingly
(21,22). The scores in 9 clinical scales [Hypochondriasis (1-HS), Depression (2-D), Hysteria
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(3-HY), Psychopathic Deviate (4-PD), Paranoia (6-PA), Psychasthenia (7-PT),
Schizophrenia (8-SC), Hypomania (9-MA), Social Introversion (0-SI)] and 3 research scales
[Depression (D), Anxiety (A), and Ego Strength (ES)] were studied. The Masculinity-
Femininity (5-MF) scale was not studied because the sample was comprised of both men
and women. The MMPI-2 composite total score was obtained from the average of the T
scores of all MMPI-2 clinical scales. T scores with a mean of 50 and a standard deviation of
10 are generated for all scales with reference to standardized tables of the general population
(21,22); scores ≥ 65 (1.5 SD above the mean) indicate a significant deviation from the
original normal standardization pattern of responding and suggest an elevation at a clinically
significant level. Furthermore, MMPI-2 profiles are usually examined in terms of the three
most deviant scales, which together constitute the profile pattern or code-type (21,22). For
each MMPI-2 profile, all clinical scales (except 5-MF and 0-SI) were ranked in order of T
scores and the profile patterns were obtained. Thus, the scales that make up the profile
pattern for a given individual were not necessarily in the pathological range. The analysis of
code-types was performed following previous reports on clinical samples of chronic
insomniacs (23,24).

To control for possible confounding variables influencing the relationships tested, we
ascertained whether the respondent was currently being treated for physical (e.g.,
hypertension, diabetes, thyroidism, etc.) and/or mental (e.g., depression, alcohol use, drug
use, etc.) health problems at the time of the interview. Depression, as a stand-alone variable,
was considered to be present if the individual was currently treated for depression or had a
history of suicidal thoughts or attempts. A composite variable for each general category of
physical or mental health problems was calculated by indicating a positive response when at
least one health problem within that category was present, as we have described elsewhere
(14,17). Additional information obtained during the PSG included sleep apnea and periodic
limb movement assessment. For the purpose of this study, sleep disordered breathing (SDB)
was defined as an apnea or hypopnea index of 5 or greater (AHI ≥ 5). The condition of
periodic limb movement (PLMS) was considered present when there were 5 or more
movements per hour of sleep. A leg movement was scored when it lasted more than 0.5
seconds, less than 5.0 seconds, and in intervals of less than 90 seconds between movements
(6). Body mass index was based on measured height (cm) and weight (kg) during the
subjects’ sleep laboratory visit, and data are presented in terms of mean and percentage
within each category.

Sample and subgroups
From the 1,741 individuals, a total of 1,300 validly completed the MMPI-2 and were
classified as chronic insomniacs or controls. The total number of individuals in the
“insomnia” group was 142. The total number of “normal sleepers” in the control group was
724. The remaining 434 subjects did not fulfill the criteria stated for each group, the vast
majority of them (n = 383) because they reported “poor sleep” as defined above. From the
objectively recorded percent of sleep time, we classified each participant into one of two
groups of “normal sleep duration” (percent of sleep time ≥75%) and “short sleep duration”
(percent of sleep time <75%). This cut-off point has been shown to be clinically meaningful
(12-14,25) and corresponds to approximately 6 hours of objective sleep duration. We further
classified the entire sample into 4 mutually exclusive subgroups according to insomnia
status and objective sleep duration status: “insomniacs with normal sleep duration”,
“insomniacs with short sleep duration”, “controls with normal sleep duration”, and “controls
with short sleep duration”, respectively.
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Statistical Analyses
The design of this study included oversampling of those at higher risk for SDB and women
with markedly higher levels of BMI to increase the precision of the risk estimates. Because
of this sampling strategy, numeric sampling weights were developed for the analysis so that
the estimates could be inferred to the general population. Specifically, three weights were
created for the men. First, in the telephone sample, 32 of the 963 clusters of phone numbers
in the first stage were “exhausted” before the target sample size was obtained. A
compensatory weight was computed which corrected for this problem. A second weight was
computed because the within-household screening deliberately introduced unequal
probabilities of selection across the three age groups in order to oversample the middle age
group. The final weight for the men was computed to account for the oversampling of
subjects for the sleep laboratory study (Phase II); those with larger counts of the four
possible risk factors, i.e., snoring, daytime sleepiness, obesity, and hypertension, had
substantially higher probability of being selected. For the women, the only weight required
was to account for the oversampling of subjects for the sleep laboratory study. To eliminate
any suggestion of possible sample bias, we calculated 32 unique weights for the women and
16 unique weights for the men corresponding to all possible combinations of the five risk
factors for the women and four for the men. Any individual weight that had too small of a
cell size was combined with adjacent cells so that less than 10% of the cells had a sample <
25 and no cell had a size less than 10. A comprehensive presentation of this sampling
strategy has been presented elsewhere (12-17), including the use of the NHANES III
laboratory data as the standard (26) to adjust both the men and women in terms of
sociodemographics to be representative of the national population. Therefore, weighted
analyses were performed to take into account the oversampling of those more-at-risk for
SDB individuals in the second phase of the Penn State Cohort Study.

Two sets of multivariate analysis of covariance (MANCOVA) models were used. First, a
full, 2 by 2 interaction MANCOVA model assessed the effects of insomnia (normal sleep
vs. insomnia), objective sleep duration (< 6h vs. ≥ 6h), and their interaction on habitual
subjective sleep duration, objective sleep duration, and discrepancy in habitual sleep
duration. The second model assessed the effects of the 4 study subgroups (according to
insomnia status and objective sleep duration status) on the same set of dependent variables.
The same statistical approach was used to examine differences between subjective and
objective sleep duration when we used the variable next-morning subjective sleep duration
instead of habitual sleep duration. In a similar way, we analyzed all composite, clinical and
research scales of the MMPI-2. In all models, we adjusted for major confounding factors
expected to affect this relationship (i.e., age, race, gender, education, BMI, SDB, physical
health, and mental health problems). Bonferroni corrections were applied to control for Type
I errors when performing post-hoc planned comparisons in the second set of models.
Multivariate logistic regression models were used to test significant differences between
groups on nominal variables of subjective sleep duration, discrepancy in sleep duration, and
MMPI-2 code-types, while controlling for all confounding factors.

Results
The demographic, clinical, and sleep characteristics of the entire sample and its groups,
based on the presence of insomnia, and the two levels of objective sleep duration are
presented in Table 1. As expected, insomniacs compared to controls reported subjectively
less sleep duration (5.8 ± 1.40 vs. 6.9 ± 1.11; p < .001), more depression (38.1% vs. 7.7%; p
< .001), and showed higher MMPI-2 total scores (55.6 ± 8.07 vs. 50.1 ± 6.33; p < .001).

We first tested the effects of insomnia, objective sleep duration, and their interaction on
measures of sleep estimation and MMPI-2 total score with a full, 2 by 2 MANCOVA while
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controlling for confounding factors. The interaction between chronic insomnia and objective
sleep duration was not significant on habitual subjective sleep duration (p = .493),
discrepancy in habitual sleep duration (p = .41), or MMPI-2 total score (p = .28).
Consistently, insomnia showed significant effects on habitual subjective sleep duration (p < .
001), discrepancy in habitual sleep duration (p < .001), and MMPI-2 total score (p < .001),
but not on objective sleep duration (p = .38), whereas objective sleep duration showed
significant effects on discrepancy in habitual sleep duration (p < .001), but not on habitual
subjective sleep duration (p = .35) or MMPI-2 total score (p = .63).

Because of the observed additive, main effects of insomnia and objective sleep duration on
subjective sleep duration and discrepancy in habitual sleep duration, we further examined
differences between the 4 study subgroups in these variables, while controlling for potential
confounders. As shown in Figure 1, insomniacs systematically rated their subjective relative
to objective sleep duration shorter than controls, irrespective of their objective sleep
duration. Also, individuals with normal sleep duration systematically rated their subjective
relative to objective sleep duration as shorter than those with short sleep duration,
irrespective of the presence of insomnia. The additive effects of insomnia and objective
sleep duration resulted in a significant underestimation only in insomniacs with normal sleep
duration. The mean scores, percentages, and post-hoc comparisons between subgroups in
objective and subjective sleep duration and discrepancy in sleep duration are shown in Table
2. In general, both insomnia subgroups reported significantly less sleep duration compared
to their respective controls. However and importantly, the group of insomniacs with normal
sleep duration was the most likely group that significantly underestimated their sleep
duration. Consistently, a significant interaction between insomnia and objective sleep
duration was found on categorically defined sleep misperception (see Table 2).

Because habitual sleep duration might not fully reflect the subjectively experienced sleep
duration of the recorded night, we performed the above mentioned analysis using next-
morning subjective sleep duration. When we examined the effects of insomnia, objective
sleep duration and their interaction on discrepancy in next-morning sleep duration while
controlling for potential confounders, the results showed that there were significant additive,
main effects in the absence of a significant interaction (see Table 2). The group that
consistently and significantly underestimated their sleep duration was insomniacs with
normal sleep duration, independent of whether habitual or next-morning sleep duration was
used. Indeed, while 41.7% of insomniacs with normal sleep duration underestimated their
sleep duration by 1 hour or more, only 17.6% of controls with normal sleep duration, 15.3%
of insomniacs with short sleep duration, and 8.8% of controls with short sleep duration did.

We further examined the effects of insomnia, objective sleep duration, and their interaction
on MMPI-2 clinical and research scales, while controlling for potential confounders. Figure
2 shows that the interaction between chronic insomnia and objective sleep duration was
significant on 7-psychasthenia (p = .03), anxiety (p = .046), and ego strength (p = .01).
Insomnia showed significant main effects on all MMPI-2 clinical and research scales, except
9-hypomania, whereas objective sleep duration did not show significant main effects on any
MMPI-2 scale. Table 3 shows the mean scores and post-hoc comparisons between the 4
subgroups. In general, insomniacs with normal sleep duration had significantly higher mean
scores on nine clinical and research scales, whereas insomniacs with short sleep duration
showed significantly elevated scores on only four scales compared to their respective
controls. While both insomnia subgroups showed high depressive (2-D, D) personality traits,
insomniacs with normal sleep duration also showed high anxious-ruminative (7-PT, A)
personality traits, and poor resources for coping with stress (ES). Insomniacs with short
sleep duration showed significantly higher scores in those MMPI-2 scales indicating somatic
complaints (1-HS, 3-HY), as compared to their respective controls. The comparison within
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the two insomnia subgroups showed significant differences in scales measuring anxiety (A)
and coping resources (ES). The two control subgroups did not differ in terms of MMPI-2
mean scores. Finally, these results were further replicated when differences on clinically
significant elevations (T score ≥ 65) were examined with multivariate regression models
between insomniacs and controls and within insomniacs’ and controls’ subgroups (data not
shown).

Furthermore, a MMPI-2 code-type analysis showed that 73.2% of our population-based
insomniacs produced 1 of the 7 code-types reported to be most common in clinical
insomniacs (23,24) (Table 4). Significant differences were found between insomniacs with
normal and short sleep duration in the frequency of 278 (ruminative-depression), 237/273
(anxious-depression), and 127/271 (apprehensive/somatically focused-depression) code-
types (24). Thus, the code-types of insomniacs with short sleep duration showed somatic
concerns, depressive mood, and poor health status, whereas the code-types of insomniacs
with normal sleep duration reflected depressive mood, introversion, anxiety, and rumination.

Given the significant associations between objective sleep duration, sleep misperception,
and psychological profiles we examined using discriminant analysis whether the differences
between the two insomnia subgroups in sleep misperception and MMPI-2 scales could be
explained by a subset of these variables. The analysis provided a canonical discriminant
function that significantly distinguished insomniacs with short sleep duration from
insomniacs with normal sleep duration (Wilks’ λ = .60; χ2 = 64.65; p < .001), correctly
classifying 81.1% of the cases. The variables that significantly distinguished the two
subgroups were: discrepancy in habitual sleep duration, 7-PT, anxiety, ego strength, and 4-
PD. Table 5 shows the pooled correlations of the final discriminant function.

As objective sleep data is not always available for the clinician, we further performed a
second discriminant analysis in order to examine whether sleep misperception could be
predicted from non-PSG information. This analysis provided a canonical discriminant
function that significantly distinguished insomniacs with sleep misperception (Wilks’ λ = .
58; χ2 = 67.47; p < .001), correctly classifying 84.1% of the cases. The variables that
significantly discriminated insomniacs with sleep misperception from those without were:
habitual sleep duration (r = -.851), 7-PT (r = .314), 8-SC (r =.205), anxiety (r = .180), and
ego strength (r = -.177).

These results remained significant and the mean scores and percentages very similar to those
reported herein even after adjusting for the number of wakes, number of sleep stage
changes, and percent stage 1 sleep, or when those subjects with PLMS or SDB were
excluded from the analyses.

Discussion
This large, population-based study demonstrates that sleep misperception is prevalent in
chronic insomniacs with objectively measured normal sleep duration but not in those with
short sleep duration. Furthermore, sleep misperception is associated with depressive,
anxious-ruminative personality traits and poor coping resources. These findings are
independent of other factors frequently associated with insomnia or objective sleep duration,
such as gender, age, race, education, obesity, SDB, hypertension, or depression.

Early studies of sleep misperception suggested that underestimation of sleep duration was a
generic trait in insomnia (27-29). This view is reflected in the DSM-IV text of the diagnosis
of “primary insomnia” (3). In contrast, the ICSD-2 states that “paradoxical insomnia” (i.e.,
“sleep state misperception” or “subjective insomnia”) is a rare condition accounting for
fewer than 5% of all insomnia patients (6). In the present study, only insomniacs with
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normal sleep duration showed a significant underestimation of sleep duration. A recent
review by Edinger and Krystal (5) showed that the relative prevalence of “subjective
insomnia/sleep state misperception” in clinical and research samples varies between 9.2%
and 50%. The present study suggests that insomnia with normal sleep duration, which
accounts for about fifty percent of all chronic insomniacs in the general population, is
strongly associated with sleep misperception.

The factors implicated in sleep misperception among insomniacs remain unknown. For
example, several studies have failed to show an altered perception of time in insomniacs
(30-34), suggesting that factors other than deficits in perceptual processing of time might be
involved in sleep misperception. Personality traits, anxiety, rumination, pre-sleep worry
(23,24,31,34-43), and their physiological correlates (40,44-50), have also been suggested to
play a role in the underestimation of sleep duration in insomnia. The present study is the first
to show that in a general population sample of chronic insomniacs sleep misperception is
associated with MMPI-2 personality profiles characterized by “depressive mood,
rumination, anxiety, intrusive thoughts, and poor resources for coping with stress” (22).
These personality characteristics in a discriminant analysis differentiated with a sensitivity
of approximately 84% the insomniacs with sleep misperception vs. insomniacs without.

Insomniacs with short sleep duration, similarly to their respective controls, significantly
overestimated their sleep duration, a finding that is consistent with previous reports where
insomniacs with objectively measured short sleep displayed overestimates of sleep duration
(35,45,51-53). This group of insomniacs was associated with MMPI-2 profiles that reflect
“depressive mood, fatigue, concerns about health and physical functioning, somatically
focused anxiety, and poor health status” (22), which is a psychological profile typical of
outpatients with a medical disorder (23). Previous reports have shown that insomnia with
short sleep duration is associated with hypercortisolemia (7-11), increased
catecholaminergic activity (54), sympathetic activity (55-57), and medical morbidity
(12-14). It is very likely that the “somatic preoccupation” of these insomniacs is not
“hypochondriac” in its nature, but reflects true physiological and physical changes as a
result of chronic activation of the stress system. Alternatively, the activation of the stress
system can be the result of physical and/or physiological sleep changes in insomnia subjects.

The distinct psychological profiles between insomnia subtypes based on objective sleep
duration are consistent with previous studies in clinical samples which showed that
“subjective insomniacs” have higher neuroticism (58), higher scores on psychasthenia (7-
PT) and schizophrenia (8-SC) scales (42,44), higher anxiety, lower mood, more
dysfunctional sleep-related cognitions (59), and fewer somatic complaints (11) when
compared to “objective insomniacs”. Moreover, a previous cluster analytic study (38) found
2 insomnia subtypes based only on MMPI scores: an “anxious, ruminative, cognitively
disorganized” group with a predominant 273/237 code-type, fewer somatic concerns (lower
hypochondriasis -1-HS- scores), more worry and intrusive thoughts, and greater concern
about not sleeping, and a 231/312 code-type group with “less anxiety and cognitive
turmoil”. In the present study, the differences in anxiety and ego strength between the two
insomnia subgroups were modest in terms of absolute values. Nevertheless, the present
study suggests that objective sleep duration is a useful marker in separating insomniacs with
and without sleep misperception and their associated psychological characteristics.

In the present population-based study, controls overestimated their sleep duration. This
finding is consistent with epidemiological studies showing that individuals in the general
population typically overestimate sleep time (60-62). The factors underlying the marked
overestimation of sleep duration in controls with short sleep duration are not known or
apparent and further investigation is needed.
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The objective sleep duration in this study was based on one night of polysomnography,
which may not be representative of the subjects’ typical objective sleep duration. However,
in our previous studies, the association between objective short sleep duration and
hyperactivity of the stress system in insomniacs was based on a 4 consecutive night sleep
laboratory protocol, which should better represent the typical sleep profile of the subjects
(7,8). The consistency of the findings on the role of objective short sleep duration in
predicting insomnia severity between the physiological studies with multiple night
recordings (7,8) and our previous epidemiological studies based on a single night recording
(12-14,25) increases our confidence about the replicability and generalizability of the
present findings. In large epidemiologic studies the average objective sleep duration is about
6 hours, which is independent of whether sleep is recorded at home with polysomnography,
i.e., Sleep Heart Health Study (61), or for 3 consecutive nights with actigraphy, i.e.,
CARDIA study (60), or in the sleep laboratory, i.e., Penn State Cohort (12-14,25).
Furthermore, the SHHS and CARDIA studies reported that in general population samples
objective sleep duration is usually shorter by 1 hour (60,61) and by 18 minutes (61) than
habitual and next-morning subjective sleep duration, respectively, which is very consistent
with our findings, i.e., in the total sample mean discrepancy in habitual sleep duration was of
1.0 hours and next-morning sleep duration of 20 minutes. Thus, the consistency among these
three large epidemiological studies in terms of objective sleep duration, subjective sleep
duration and their discrepancy reinforces our belief that the inherent limitations of 1-night
recording in large samples do not compromise the validity of the findings. In support of this
view, in a recent study of clinical insomniacs based on 2-nights recording the frequency of
insomniacs with sleep misperception was very similar to ours (45). From our study, we
cannot exclude the possibility that the subjective-objective discrepancy may in part reflect
the response of these individuals to sleeping in an unfamiliar environment (i.e., the sleep lab
vs. their home environment). Future studies should explore the association between
insomnia, objective sleep duration and sleep misperception using multiple night recordings
obtained in the sleep laboratory or with easier-to-use methods, i.e., actigraphy.

The field of sleep disorders medicine has attempted to define subgroups within insomnia
based on etiology (i.e., primary vs. secondary), age of onset (i.e., childhood vs. adult), and
objective sleep findings (6). Although for years sleep specialists suggested that the sleep lab
was of no use in the evaluation of insomnia (1,6), the previously published data on the
association of insomnia combined with objective short sleep duration with the stress system
(7-11,54), the autonomic system (44,55,56), and with medical morbidity (12-14), have led
us to suggest two phenotypes of chronic insomnia. The first phenotype is associated with
physiological hyperarousal, i.e., short sleep duration, activation of the stress system, and
significant medical sequelae, e.g., hypertension, diabetes, neurocognitive deficits and
increased mortality. The second phenotype is not associated with physiological
hyperarousal, i.e., normal sleep duration, normal activity of the stress system, and lack of
significant medical sequelae. The present study expands on the differential characteristics of
these two phenotypes. The first one is associated with a psychological profile typical of
medical outpatients, whereas the second one is associated with sleep misperception and an
anxious-ruminative, poor coping skills profile.

Our findings on these proposed phenotypes may have a significant impact on how we
diagnose and treat insomnia. Currently, the diagnosis of insomnia is based on subjective
complaints. The introduction of objective measures of sleep in the evaluation of insomnia
may be of relevance for the practicing physician in terms of prioritizing intervention based
on severity. Furthermore, these 2 phenotypes may respond differentially to treatment
approaches. The first phenotype may respond better to treatments that primarily aim at
decreasing physiological hyperarousal (e.g., cortisol) and increasing sleep duration, such as
medication or other biological treatments (9), whereas the second phenotype may respond
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better to treatments that primarily aim at decreasing cognitive-emotional hyperarousal (e.g.,
rumination) and altering sleep misperception (63), such as sleep scheduling, behavioral
experiments, cognitive restructuring, or emotion regulation techniques.

In conclusion, the present study delineates even further these two chronic insomnia
phenotypes based on objective sleep duration and provides further support for their potential
clinical validity and usefulness. The diagnostic validity and clinical utility of this
phenotyping should be tested in prospective studies and/or with treatment interventions in
chronic insomniacs.
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Figure 1. Effects of insomnia and objective sleep duration on discrepancy in next-morning sleep
duration
Line plot illustrating the absence of a significant interaction effect between insomnia and
objective sleep duration on the discrepancy between objective sleep duration and next-
morning subjective sleep duration. The additive effect of these two factors resulted in
underestimation only in insomniacs with normal sleep duration. All data are adjusted for
age, race, sex, education, BMI, SDB, physical health, and mental health. Error bars represent
standard error of the mean (SEM).
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Figure 2. Effects of insomnia and objective sleep duration on selected MMPI-2 clinical and
research scales
Line plot illustrating significant interaction effects between insomnia and objective sleep
duration on 7-psychasthenia, anxiety and ego strength scales (left panel), and the absence of
interaction effects on the other 3 most elevated clinical scales, i.e., 1-hypochondriasis, 2-
depression, and 3-hysteria, (right panel). All data are adjusted for age, race, sex, education,
BMI, SDB, physical health, and mental health. Error bars represent standard error of the
mean (SEM).
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