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Abstract
Objectives: This study examined the differences in heart rate
variability (HRV) and daytime functioning between insomniacs
and normal sleepers. Methods: All participants underwent an
interview, a medical examination, and a sleep measurement
protocol during which they wore an actigraph and logged a sleep
diary for a 7-day period to verify their eligibility. Included in the
study were 18 insomniacs and 21 normal sleepers. During a
laboratory session, these participants completed four paper–pencil
tests of sleepiness, anxiety, fatigue, and concentration difficulty
and the Wisconsin Card Sorting Test. Resting HRV was recorded
under paced breathing. Results: Neither did insomniacs experi-
ence cognitive impairment nor did they experience excessive
daytime sleepiness compared with normal sleepers. However,
insomniacs experienced higher frequency of fatigue [effect size
(ES)=1.14, P=.002] compared with normal sleepers. There was
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also a trend toward higher trait anxiety score (ES=0.62) and
concentration difficulty (ES=0.59) in insomniacs than in normal
sleepers. Although a tendency toward lower resting high-
frequency (HF) HRV (ES=−0.57) in insomniacs than in normal
sleepers was noted, neither the resting low-frequency (LF) HRV
nor the LF/HF ratio were different between groups. Subjective
sleep estimates correlated to self-reported daytime consequences
such as fatigue and concentration difficulty but not cognitive
function. On the contrary, objective sleep estimates correlated to
problem-solving/conceptualization and learning but not self-
reported daytime consequences. Conclusions: Insomniacs are
not sleepier during the day than normal sleepers. However, they
may experience such a daytime symptom as fatigue although
cognitive function remains unimpaired.
© 2008 Elsevier Inc. All rights reserved.
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According to the criteria by the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV),
patients with primary insomnia report impairment in daytime
functioning as a result of their sleep difficulties [1]. Patients
with insomnia often complain of daytime sleepiness [2,3],
fatigue [2], impaired concentration [2,4], and/or impaired
memory [4]. However, there have been inconsistent results
across studies to definitively indicate a deficit in daytime
functioning in primary insomniacs [5]. In particular,
objective testing of daytime alertness such as the Multiple
Sleep Latency Test has failed to detect differences in
performance between people with insomnia and normal
sleepers [6–8]. While objective data indicating a deficit in
cognitive function have been shown in other types of sleep
disorders such as narcolepsy and sleep apnea, objective data
in insomnia have not revealed convincing evidence [9].
Moreover, very few studies have examined the performance
of objective cognitive tests in insomnia, and the results
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revealed that such cognitive functions as semantic memory
[10], reaction time [11] and digit span [11], visual alertness,
and selective attention [12] were affected, whereas no
deficiencies were found in recent memory [10], divided
attention [11], and the performance in the vigilance task [11].
The impact of insomnia on cognitive function thus warrants
further investigations. We sought to answer the question of
whether individuals with insomnia have impaired daytime
functioning. To this end, we identified a group of individuals
who truly suffered from insomnia and those who were truly
free of sleep difficulties through a rigorous screening process
and compared the differences in objective cognitive function
[i.e., Wisconsin Card Sorting Test (WCST)], subjective
daytime sleepiness, fatigue and difficulty in concentration
between groups.

In addition to the question of whether insomniacs have
impaired daytime functioning, physiological mechanisms
responsible for the development of insomnia and its
consequences (e.g., excessive daytime sleepiness, decreased
daytime alertness, impaired cognitive function) are subjects
of interest to sleep researchers. According to the hyperar-
ousal theory of insomnia, people with insomnia might be in a
state of constantly physiological, cognitive, and cortical
hyperarousal [13–15]. The physiologic hyperarousal has
been evidenced by elevated metabolic rate [16], cortisol
levels [17,18], increased low-frequency (LF) heart rate
variability (HRV), and decreased high-frequency (HF) HRV
across all sleep stages [14]. These lead to the speculation that
insomnia and its daytime consequences are associated with
activation of the both arms of the stress system, the
sympathetic–adrenal medullary (SA) system and the
hypothalamic-pituitary-adrenal (HPA) axis. To date, there
has been a paucity of studies on the autonomic nervous
activity of primary insomniacs. Previous studies that tested
the hypothesis of an activation of the stress system in
insomnia have been mainly focused on the activity of the
HPA axis or the SA system during the presleep or sleep
period by examining evening or nocturnal cortisol and HRV
[14,17,18]. This study was therefore set out to examine the
differences in parameters of HRV between insomniacs and
normal sleepers. We asked the questions of whether there is a
basal activation of the sympathetic nervous system and
whether the presumed sympathetic activation prevents
individuals with insomnia from impaired daytime function-
ing that would normally be caused by sleep deprivation.
Methods

Measurements

Actigraphy
Objective sleep variables, including sleep onset latency

(SOL), wake time after sleep onset (WASO), total sleep time
(TST), and sleep efficiency (SE) were measured using a wrist
actigraph (MicroMini Motionlogger Actigraph, Ambulatory
Monitoring, Ardsley, NY, USA). The actigraph detects wrist
movement through a piezoelectric accelerometer. The Zero-
Crossing Mode (ZCM) was used to record the sleep
estimates. Sleep estimation was performed using the
Monionlogger data analysis software package (Action W-2,
Ambulatory Monitoring). A previous study showed sig-
nificant correlations for TST (r=.81) and SE (r=.55) derived
from the Mini Motionlogger Actigraph using the ZCM and
estimates derived from polysomnography [19].

Sleep diary
Sleep diary collects information on total time spent in bed

(TTSIB), SOL, TST, and WASO. SE can be calculated using
the formula SE=TST/TTSIB. Participants were asked to fill
out the sleep diary as soon as they get out of the bed each
morning for a consecutive 7-day period [20].

Chinese version of the Pittsburgh Sleep Quality Index
The Pittsburgh Sleep Quality Index is a self-report

questionnaire that assesses multiple dimensions of sleep
over a 1-month time period [21,22]. Nineteen individual
items generate seven “component” scores: subjective sleep
quality, sleep latency, sleep duration, habitual SE, sleep
disturbances, use of sleeping medication, and daytime
dysfunction. The sum of the seven component scores yields
one global score of subjective sleep quality (range 0–21);
higher scores represent poorer subjective sleep quality. A
Chinese version of the Pittsburgh Sleep Quality Index
(CPSQI) has previously been developed and validated [20].

Fatigue and difficulty in concentration
Fatigue was measured by a single-item fatigue scale that

asks the subject to report the frequency of fatigue due to poor
sleep during a typical week (days/week). Difficulty in
concentration was assessed by a single self-report item that
asks the subject to indicate the frequency of difficulty in
concentration on things to be done due to poor sleep during a
typical week (days/week). The two scales were developed by
Fichten at al. [23] in 1995.

The Epworth Sleepiness Scale
Epworth Sleepiness Scale (ESS) is a subjective self-

report measurement of sleepiness. It measures the propen-
sity to sleep under certain environmental conditions in daily
life in the recent weeks [24]. There are eight items
corresponding to eight conditions. These items are rated
on a scale of 0–3 with a score of N10 indicating excessive
daytime sleepiness (EDS). The Chinese version of the ESS
has been validated in a previous study [25].

Spielberger State-Trait Anxiety Inventory—form
Y2 (trait anxiety)

The Spielberger State-Trait Anxiety Inventory (STAI) is a
self-administered, Likert-type instrument. It contains two
separate 20-item scales that determine anxiety in a specific
situation (form Y1) and as a trait character (form Y2) [26].
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The state scale of the STAI evaluates how respondents feel at
a particular moment and the trait scale refers to habitual
tendency to be anxious over a long period of time. In this
study, the trait scale was used.

Wisconsin Card Sorting Test
Wisconsin Card Sorting Test (WCST) is a computerized

task that measures cognitive-executive function (WCST:
CV4, Psychological Assessment Resources, Lutz, FL, USA).
The test consists of 128 cards, each of which contains
geometric figures that may vary along three dimensions
(color, form, number). When performing the test, subjects
are instructed to place each card below one of four target or
key cards and to use some principle to guide them. They are
not informed of the correct principle, but are told whether
they are correct or incorrect after their placement of each
card. The initial sorting principle is to match according to
color. Once a criterion of 10 correctly sorted cards is attained,
the principle is changed, although the subject is not informed
of this change. The test proceeds until the subject has
completed six sorting categories, each consisting of 10
consecutive cards matching the sorting principle in force, or
has placed 64 cards in one category or, otherwise, has sorted
all 128 cards. The WCST generates 11 item scores. In this
study, 6 item scores were selected: preservative responses
(%), preservative error responses (%), conceptual level
responses (%), number of categories completed, failure to
maintain set, and learning to learn. The lower the percentage
of preservative responses and the number of categories
completed and the higher the percentage of preservative error
responses, the poorer the performance is. The percentage of
conceptual level responses reflects the respondent's ability in
cognitive conceptualization. The higher the failure to
maintain set score, the lower the ability in maintaining
preservative problem-solving strategy and concentration is.

Power spectral analysis of HRV
Electrocardiogram (ECG) signals were continuously

monitored and simultaneously sampled at a sampling rate
of 500 Hz using a data acquisition device with Acknowledge
software (model MP100, Biopac Systems, Goleta, CA,
USA) and saved to a personal computer for offline analysis
with the use of a Biopac System ECG 100C preamplifier.
Recordings of ECG were visually inspected for ectopic beats
and artifacts, after which noise spikes were manually edited.

Frequency domain analysis of HRV was performed using
standard software package (Nevrokard HRV Analysis soft-
ware version 6.8.0, Slovenia) based on the nonparametric
Fast Fourier Transformation algorithm. The measurements of
HRV followed the standards suggested by the Task Force of
the European Society of Cardiology and the North American
Society of Pacing and Electrophysiology in 1996 [27].

Two main spectral components: the LF (0.04–0.14 Hz)
and HF (0.15–0.4 Hz), as well as total power (TP) were
obtained in absolute power (ms2). Due to large between-
subject variability, nature logarithmic transformation was
performed on these HRV parameters. The ratio of LF to HF
was calculated and expressed as LF/HF.

Study procedure

Participant recruitment and eligibility screening
Participants were referrals from one family medicine

clinic. Individuals who were able to read and write and aged
from 19 to 65 years were screened for eligibility to participate
in the study. Those who were diagnosed with psychiatric
disorders or other sleep disorders, taking beta-adrenergic
blocking agents, sympathetic agonists, or sleeping aids were
excluded from the study. Shift workers, individuals who had
traveled across time zones during the past 3 months prior to
participation or experienced stressful events during the past
week prior to participation, and individuals with chronic
illness (e.g., cardiac ischemia, chronic obstructive pulmonary
disease, asthma, esophageal-gastric reflux, gastric ulcer,
chronic arthritis, chronic pain suffers, malignancy, dementia,
seizure, multiple sclerosis, and Parkinson disease) that might
cause pain or sleep difficulties were also excluded from
participation. The Mini International Neuropsychiatric Inter-
view [28]-Taiwan version 2.0.0 [29] was used to identify
positive cases for any lifetime psychiatric disorder. After a
thorough medical examination to rule out the exclusion
conditions, those who met the DSM-IV diagnostic criteria for
primary insomnia were referred to as potential insomniacs
(n=29); those who did not meet the DSM-IV diagnostic
criteria for primary insomnia were referred to as potential
normal sleepers (n=34).

All potential subjects were screened for sleep quality with
the CPSQI. Potential insomniacs with a CPSQI score of 5 or
less (n=4) and potential normal sleepers with a CPSQI score
of 6 or more (n=6) were excluded. Potential insomniacs who
scored 6 or more on the CPSQI and potential normal sleepers
who scored 5 or less were invited to participate in the study.
A total of 25 potential insomniacs and 28 potential normal
sleepers were recruited.

Data collection
Written informed consents were obtained from all partici-

pants. All participants underwent a sleep measurement
protocol during which they wore a wrist actigraph for 3 days
and logged a 7-day sleep diary during a 7-day period.
Insomniacs were defined as those who met at least one of the
following criteria on both actigraphy and diary measures: (1)
WASO N30 min, (2) TST ≤6.5 h, and (3) SE ≤85%. Normal
sleepers were defined as those who met all of the following
criteria on both actigraphy and diarymeasures: (1)WASO≤30
min, (2) TST N6.5 h, and (3) SE N85%. Thirteen individuals
did not meet the definitions of insomniacs (n=6) or normal
sleepers (n=7) and were not included in the data analysis.

In the end, included in the study were 39 participants—18
insomniacs and 21 normal sleepers. The participants were
required to abstain from drinking caffeinated or alcohol-
containing beverage starting at least 3 h prior to testing.



Table 1
Demographic data of study participants (n=39)

Insomniacs (n=18) Normal Sleepers (n=21) P

Age (years, mean±S.D.; range) 34.16±14.46; 20–63 27.81±8.67; 20–50 .093
Sex (n, %) 1.00
Male 6 (33.3) 7 (33.3)
Female 12 (66.7) 14 (66.7)
Marital status (n, %) .748
Not married 12 (66.7) 15 (71.4)
Married 6 (33.3) 6 (28.6)
Annual income (n, %) .229
b240000 NT 5 (29.4) 12 (57.1)
240-600000 NT 9 (52.9) 7 (33.3)
N600000 NT 3 (17.6) 2 (9.5)
Naps (n, %) .338
b1/week 2 (11.1) 2 (9.5)
1–4/week 6 (33.3) 3 (14.3)
N4/week 10 (55.6) 16 (72.6)
Exercise (n, %) .975
b1/week 8 (44.4) 10 (47.6)
1–4/week 8 (44.4) 9 (42.9)
N4/week 1 (11.1) 2 (9.5)
Coffee consumption (n, %) .667
b1/week 14 (77.8) 15 (71.4)
1–4/week 3 (16.7) 3 (14.3)
N4/week 1 (5.6) 3 (14.3)
Smoking (n, %) .117
Smokers 2 (11.1) 0 (0)
Nonsmokers 16 (88.9) 21 (100.0)
Alcohol consumption (n, %) .348
b1/week 18 (100.0) 20 (95.2)
1–4/week 0 (0.0) 1 (4.8)
Bed time (mean±S.D.) 24.36±1.36 24.86±1.25 .24
(Clock time) 0:22 0:52
Wake time (mean±S.D.) 7.66±1.67 8.72±1.37 .03
(Clock time) 7:40 8:43
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These 39 participants all underwent an afternoon session.
The participants were continuously monitored during the
afternoon session to ensure that they remained awake. All
laboratory sessions were conducted between 14:00 and
17:00. Briefly, the participants completed the Fatigue and
Concentration Difficulty Scales, ESS, and STAI-form Y2.
After completion of these paper–pencil tests, the partici-
pants were allowed to rest for 10 min by sitting quietly
while maintaining their eyes open. Then 5-min recordings
of HRV under paced breathing were obtained from all
participants. For the measurement of HRV, precordial ECG
was measured via three skin sensors placed in the standard
Lead II position. Before recording the ECG, the partici-
pants practiced controlling their breathing rhythm to follow
the metronome. During the ECG recording, participants
were resting in a supine position and breathing in a
controlled rate of 12–15 breaths per min. After the HRV
recording, the participants performed the WCST for
approximately 10–15 min.

Statistical procedure
The chi-square test or Fisher's Exact test was performed

to compare categorical data between the insomniac group
and the control group. The independent t test was used to
examine the group differences in continuous data. For group
comparisons in major variables of interest, we calculated
Cohen's d to determine the effect size (ES). Cohen's d
indicates how different (ES) between groups a variable of
interest is [30]. A medium ES (d=0.5) was a considerable
group difference. The paired t test and the Bland–Altman
analysis were performed to examine the agreement between
objective and subjective measurements of sleep. With the
Bland–Altman analysis, the limits of agreement between
measurements were calculated as the mean difference ±1.96
standard deviations. Correlations between sleep variables
and measurements of daytime consequences were performed
using the Pearson correlation analysis. Post hoc sample size
calculation was also performed to determine the number of
subjects needed to achieve significant group differences.
Results

Demographics, lifestyle factors, and sleep variables
between insomniacs and normal sleepers

The insomniacs and normal sleepers were not signifi-
cantly different in demographic and lifestyle variables, nor
did they differ in the number of naps per week (see Table 1).



Table 2
Comparison of sleep variables between insomniacs and normal sleepers (n=39)

Insomniacs (n=18) (mean±S.D.) Normal sleepers (n=21) (mean±S.D.) t 95% CI of difference P

CPSQI 11.78±2.18 3.52±1.56 13.691 7.03–9.47 b.001
Sleep diary a

SOL (min) 44.48±48.69 11.00±5.77 3.134 11.81–55.15 .003
WASO (min) 17.30±20.44 4.44±6.44 2.728 3.30–22.42 .010
TST (min) 347.74±63.21 456.69±42.05 −6.358 −143.69 to −74.19 b.001
SE (%) 79.95±11.21 96.60±2.49 −6.623 −21.73 to −11.54 b.001
Actigraphy b

SOL (min) 25.16±25.49 4.79±3.57 3.628 8.98–31.74 .001
WASO (min) 32.29±16.33 11.88±8.10 5.023 12.16–28.64 b.001
TST (min) 373.02±61.46 443.99±47.06 −4.032 −1.06 to −35.27 b.001
SE (%) 90.18±4.75 96.94±2.14 −5.839 −9.11 to −4.41 b.001

a Sleep variables were computed by averaging the 7-day values obtained from the diaries.
b Sleep variables were computed by averaging the 3-day values derived from the actigraphy.
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However, the insomniac group has a wider age range than
that of the normal sleepers. The average habitual bedtime
was comparable between groups. The insomniac group got
up earlier in the morning compared with the normal sleepers
(see Table 1). As expected, the two groups significantly
differed in all sleep variables including SOL, WASO, TST,
and SE derived either from the sleep diary or from the
actigraphy (Table 2).

The agreement between objective and subjective measure-
ments of sleep

Results from Pearson correlation revealed that all sleep
variables derived from the sleep diary correlated moderately
with those measured by the actigraphy (r=.56, .40, .72, and
.63, respectively; all Pb.05). The agreement between
objective and subjective measurements was assessed using
the Bland–Altman analysis. Results from the Bland-Altman
analysis revealed that the limits of agreement of all sleep
variables between objective and subjective measurements
were large and not clinically acceptable (SOL: −48 to
72.7 min; WASO: −47.3 to 25. 5 min; TST: −109.6 to 100
min; SE: −25.2% to 15.3%). The agreement of SE between
the subjective and objective measurements was also assessed
in insomniacs and normal sleepers separately using a paired
t test. In insomniacs, the actigraphy-measured SE was
significantly higher than that derived from the diary
(P=.004), whereas in normal sleepers, the actigraphy-
measured SE was not significantly different from the diary-
derived SE (P=.617).
Table 3
Comparison of anxiety, daytime sleepiness, fatigue and concentration difficulty be

Insomniacs (n=18)

Trait-Anxiety 46.7±8.9
ESS 8.16±4.36
Fatigue (day/week) 2.75±2.17
Concentration difficulty (day/week) 0.80±0.89

Values are expressed as mean±S.D.
a Group difference by t test.
The relationships between actigraphy-measured sleep vari-
ables and parameters of daytime functioning

Actigraphy TST was not related to the frequency of
fatigue, the frequency of concentration difficulty, and the
ESS score (r=−.088, .002, and .05, respectively; P=.641,
.137, and .763, respectively). Similarly, actigraphy SE was
unrelated to fatigue, concentration difficulty, and ESS (r=
−.077, −.242, and .087, respectively; P=.641, .137, and
.597, respectively). However, actigraphy-measured TST
correlated to failure to maintain set (r=−.349, P=.03);
actigraphy-measured SE correlated to learning to learn
(r=.423, P=.016).

The relationships between diary-derived sleep variables and
parameters of daytime functioning

Diary TST correlated to the frequency of fatigue (r=
−.468, P=.003) but neither did it significantly correlate to
concentration difficulty nor did it correlate to ESS (r=.259
and .092, respectively; P=.111 and .577, respectively). Diary
SE correlated to both the frequency of fatigue (r=−.72,
Pb.001) and concentration difficulty (r=−.418, P=.008) but
not ESS (r=−.054, P=.746). On the contrary, diary-derived
TST and SE were not significantly correlated with any one of
the WCST variables (all PN.05).

The relationships between trait anxiety score and para-
meters of daytime functioning

Trait anxiety score positively correlated to the frequency
of fatigue (r=.32, P=.046) but not the frequency of difficulty
tween insomniacs and normal sleepers

Normal sleepers (n=21) ES (Cohen's d) P a

40.7±10.5 0.62 .067
7.38±3.35 0.20 .529
0.83±0.97 1.14 .002
0.35±0.61 0.59 .073



Table 4
Comparison of the WCST item scores between insomniacs and normal sleeper

Variables Insomniacs (n=18) Normal sleepers (n=21) ES (Cohen's d) P a

Preservative responses (%) 41.89±11.70 42.43±13.25 −0.04 .894
Preservative errors (%) 41.06±11.07 42.05±12.81 −0.08 .799
Conceptual level responses (%) 38.89±10.05 42.38±12.33 −0.31 .344
No. of categories completed 4.39±2.25 4.67±2.18 −0.13 .698
Failure to maintain set 1.00±1.60 0.71±1.00 0.22 .504
Learning to learn 0.97±5.74 1.79±4.41 −0.16 .650

Values are expressed as mean±S.D.
a Group difference by t test.
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in concentration and ESS (P=.334 and .107, respectively).
Trait anxiety was not significantly related to any one of the
WCST item score (all PN.05).

Measures of daytime functioning, anxiety, and executive-
cognitive function between insomniacs and normal sleepers

The percentage of individuals experiencing EDS (ESS
N10) was not significantly different between insomniacs and
normal sleepers (28% vs. 20%, P=.395). The differences in
daytime sleepiness as assessed by the ESS were not
statistically different between groups and the ES for the
group difference in ESS was small (Table 3). Trait anxiety
was not statistically significant between groups, but there
was a medium ES for the group difference (Table 3).

Daytime consequences in terms of days of fatigue and
difficulty in concentration per week were also compared
between groups (Table 3). Insomniacs had significantly more
days experiencing fatigue during a week compared with
normal sleepers (ES=1.22; P=.002). Days of difficulty in
concentration per week were not significantly different
between groups although the ES for the between-group
difference was medium.

In terms of the executive–cognitive function, all six
WCST item scores were not significantly different between
groups and the ESs for the group differences were small
(Table 4).

HRV between insomniacs and normal sleepers
The comparison of the frequency domain parameters

of HRV did not reveal statistically significant differences
between groups (Table 5). However, it should be noted
that the ES of the between-group difference in HF HRV
was 0.57.
Table 5
Comparison of parameters of HRV between insomniacs and normal sleepers

Insomniacs (n=18) Normal s

Ln LF a (ms2) 6.12±0.75 6.22±1.0
Ln HF a (ms2) 6.31±0.93 6.91±1.1
Ln TP a (ms2) 7.68±0.73 7.85±0.8
LF/HF 1.06±0.74 0.93±1.1

Values are expressed as mean±S.D.; Ln - nature logarithm.
a Values were nature log-transformed.
b Group difference by t test.
Post hoc sample size calculations revealed that 31
subjects per group (n=62) are required to achieve a group
difference in the HF HRV score for a two-sided test, with the
significance level at .05 and power of 80%.
Discussion

In this study, insomniacs and normal sleepers were
identified through 3 phases of screening using both
subjective and objective indicators. Our intention was to
identify a group of individuals who truly suffered from
insomnia and those who were truly free of insomnia to better
answer the question of whether insomniacs have impaired
daytime functioning. In our sample, individuals with
insomnia took longer time to fall asleep, experienced more
wake time after sleep onset, and had shorter sleep duration
and worse SE compared with normal sleepers both in
subjective and objective assessments. In terms of daytime
consequences, neither did insomniacs experience EDS nor
did they experience cognitive impairment (as determined by
the WCST) as compared with normal sleepers. However,
insomniacs did experience more days suffering from fatigue
and had a tendency toward higher trait anxiety score and
concentration difficulty during a typical week. These
findings are consistent with results from previous studies
that insomniacs experience an increase in fatigue but not in
sleepiness [5,31]. The ESs for the between-group differences
in fatigue and concentration difficulty were comparable to
those observed in a previous study comparing poor sleepers
and insomniacs in older adults and college students and that
fatigue is the most significantly impaired daytime function
among all [2]. The other question we sought to answer was
leepers (n=21) ES (Cohen's d) P b

3 −0.12 .737
5 −0.57 .087
6 −0.21 .502
4 0.16 .688



29S.-C. Fang et al. / Journal of Psychosomatic Research 65 (2008) 23–30
whether altered resting HRV is associated with insomnia.
Although findings from this study revealed that insomniacs
had a tendency toward lower resting HF HRV as compared
with normal sleepers, neither LF HRV nor LF/HF ratio was
different between groups. This study therefore does not
clearly strengthen the case for the sympathetic hyperarousal
hypothesis of insomnia.

In this study, objective sleep estimates moderately correlated
with subjective estimates of sleep; however, the agreement of
the two was poor. Because sleep needs vary from person to
person, subjective measurements of sleep constitute an
important part in the evaluation of sleep quality. However,
our data seems to suggest that insomniacs tend to overestimate
their sleep difficulties as the diary-derived SE was significantly
lower than the actigraphy-measured SE. In addition, subjec-
tively measured sleep variables correlated to self-reported
daytime consequences such as fatigue and concentration
difficulty but not cognitive function determined by the
WCST. Similarly, trait anxiety correlated to self-reported
frequency of fatigue but not cognitive function determined by
the WCST. On the contrary, objectively measured sleep
variables correlated to problem-solving/conceptualization (i.e.,
failure to maintain set score) and learning (i.e., learning to learn
score) but not subjectively measured daytime consequences.
Together, these data suggest that subjective perception of
impairment in daytime functioning is maintained or further
exacerbated, at least in part, by misperception of nighttime
sleep. “Real” impairment in daytime functioning, on the other
hand, is not apparent unless impaired nighttime sleep is
objectively detectable.

There were several limitations in this study. First, this
study is limited by its small sample size and therefore might
be underpowered to detect significant group differences.
Second, measurements of HRV were obtained under paced
breathing during the midday. It has been suggested that HF
HRV may be enhanced by paced breathing [32], and as there
is a circadian rhythm of HF HRV [33], these results may not
necessarily generalize to other times of the day. Third,
the two comparison groups differed in their age range, with
the insomniac group having a wider age range. Thus, the
possible impact of age on the results of daytime functioning
and HRV cannot be ruled out. Nevertheless, using a rigorous
screening protocol, the insomniac group and the control
group included in this study should be representative of their
respective populations (i.e., insomniacs and normal slee-
pers). We found that individuals with insomnia are not
sleepier than normal sleepers during the day. However, they
may actually experience such a daytime symptom as fatigue,
although cognitive function remains unimpaired.
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