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INTRODUCTION
Current diagnostic criteria for insomnia require the self-

report of non-restorative sleep, and/or a difficulty initiating or 
maintaining sleep, along with a complaint of daytime impair-
ment or distress.1-3 For many insomnia patients, the daytime 
complaints are the most salient consequence,4-6 with fatigue or 
psychological symptoms ultimately compelling them to seek 
treatment.7 A diagnosis of insomnia is unequivocally associated 
with decreased quality of life,8 emphasizing the negative impact 
of the daytime symptoms.9 Insomnia is also associated with 
workplace injuries10,11 and significant economic costs, through 
absenteeism and lost productivity,12 which are a likely conse-
quence of daytime impairments related to the disorder.

Despite complaints of daytime functional impairment 
being a diagnostic criterion for insomnia,1,2 the specific 
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nature of these impairments is not well understood. One 
approach places daytime complaints into the three categories 
of fatigue, physical health, and mental health symptoms.13 
This approach is supported by focus group and large popu-
lation studies that have also linked self-reported poor sleep 
quality with complaints of reduced psychological well-being 
and self-reported cognitive difficulties.5,14 Treatment studies 
have shown improvements in self-reported daytime func-
tioning following improved sleep quality.15,16

Early studies reported that objective measures of sleepiness 
and neurobehavioral performance do not indicate deficits in 
individuals with insomnia.17 One reason for these negative find-
ings is that the deficits are likely subtle and limited to more 
complex cognitive processes.18 A more recent meta-analysis 
concluded that insomnia patients show small to moderate defi-
cits on working memory, episodic memory, and problem-solving 
tasks.19 Echoing previous concerns,18 the authors acknowl-
edged the heterogeneity of insomnia participants pooled across 
studies and the variability of diagnostic and screening methods 
utilized, and concluded that poor sensitivity of previous studies 
may mask consistent but small impairments on complex reac-
tion time and selective attention tasks.19

Given the difficulty in capturing neurobehavioral impair-
ments using objective tests, relatively few studies have 
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investigated the link between the sleep and neurobehavioral 
impairment. A large population-based study reported that 
insomnia patients with short sleep duration (< 6 h), as measured 
by polysomnography, showed deficits on a complex (switching 
attention) task, whereas those insomnia patients who slept more 
than six hours per night showed no such deficits.20 Furthermore, 
both insomnia and control participants with short sleep duration 
exhibited deficits on a processing speed task compared to rested 
controls. This finding suggests a direct relationship between 
sleep duration and daytime performance in individuals with 
insomnia. The nature of the insomnia complaint in this popula-
tion was not well described, however, and it is unclear whether 
a recognized diagnostic criterion was used and if individuals 
were required to complain of daytime impairment. Other 
studies have reported only weak associations between cogni-
tive impairments on a switching attention task and measures 
of sleep duration.21 A previous study reported that sleep quality 
of individuals with primary insomnia and those with insomnia 
secondary to a medical condition showed no association with 
subjective daytime symptoms, suggesting functional indepen-
dence across the two spheres.22

Limited understanding of the nature of the daytime conse-
quences of insomnia remains a barrier to characterizing the 
etiology of the disorder and to objectively evaluating treat-
ments aimed at ameliorating daytime dysfunction. Further-
more, the extent to which neurobehavioral performance is 
related to sleep disturbance and/or impaired psychological 
well-being in insomnia patients is not well understood. The 
aim of this study was to investigate the neurobehavioral defi-
cits associated with insomnia in a well-characterized and 
otherwise healthy group of patients as compared to controls. 
A secondary aim was to investigate the relationships between 
neurobehavioral performance and measures of sleep distur-
bance, daytime sleepiness, and daytime dysfunction in the 
insomnia group and the control group.

METHODS

Participants
Participants were recruited from the general community to 

1 of 3 study sites: Boston, USA (n = 71); Melbourne, Australia 
(n = 20); or Philadelphia, USA (n = 5). From an initial sample 
of 80 individuals with insomnia and 21 healthy control subjects, 
3 patients with insomnia and 1 healthy control did not complete 
the laboratory component, and 1 patient with insomnia was 
excluded after completing the study due to a high body mass 
index (> 30 kg/m2). The final sample consisted of 76 indi-
viduals (44 women) aged 35.75 ± 12.40 years (mean ± SD) 
who met criteria for insomnia (see below). Twenty individuals 
reporting healthy sleep (14 women) aged 34.75 ± 12.05 years 
were recruited from the general community in Boston, USA, 
and were age-matched (± 5 years) and gender-matched to 20 of 
the first 23 insomnia patients enrolled in the study. The study 
was approved by the Partners Human Research Committee, the 
Alfred Human Research Ethics Committee, and the University 
of Pennsylvania Institutional Review Board. All participants 
gave written informed consent.

Participants were aged 18 to 65 years; reported low nico-
tine, caffeine, and alcohol use; no history of drug abuse or 

medications likely to affect sleep or alertness; and no recent 
shift work or transmeridian travel (see supplemental material). 
We included participants with a body mass index between 
18 and 30 kg/m2, and to further reduce the likelihood of sleep 
apnea, we excluded those with a positive screening result on 
the Berlin Questionnaire.23 Pregnancy or lactation as well as 
perimenopausal or menopausal symptoms were exclusionary. 
Health was assessed by medical history, physical examination, 
electrocardiography, blood biochemistry, hematology, urinal-
ysis and urine toxicology, and examination by a physician with 
specialist training in sleep medicine. Participants were excluded 
if they reported the current use of medications for a psychiatric 
disorder or the presence of major depressive disorder or other 
severe psychopathological condition.

Several self-report questionnaires were included to evaluate 
sleep, physical health, and mental health, as well as cognitive 
and behavioral aspects of insomnia. The following question-
naires were administered prior to the laboratory visit: Beck 
Depression Inventory II,24 State-Trait Anxiety Inventory-Trait 
version,25 Pittsburgh Sleep Quality Index,26 Fatigue Severity 
Scale,27 Athens Insomnia Scale,28 Sleep Hygiene Question-
naire,29 Dysfunctional Beliefs and Attitudes About Sleep,30 
Epworth Sleepiness Scale,31 Short Form Health Survey of 
Medical Outcomes (SF-36),32 and the Functional Assessment 
of Chronic Illness Therapy (FACT-Cog).33

Insomnia Group
Insomnia participants were eligible for inclusion if they 

met the Research Diagnostic Criteria (RDC) for Insomnia 
Disorder as well as the Research Diagnostic Criteria for any 
of the following subtypes: Primary Insomnia, Psychophysi-
ological Insomnia, Paradoxical Insomnia, and/or Idiopathic 
Childhood Insomnia (see supplemental material for detailed 
diagnostic criteria).3 Primary insomnia is characterized by the 
persistence of insomnia symptoms for at least one month either 
with no current or past mental, psychiatric, or medical disorder, 
or where such is present, the temporal course of the insomnia 
shows some independence from that of the other condition(s) 
and no evidence of another insomnia subtype. In addition to the 
features of primary insomnia, psychophysiological insomnia 
is characterized by symptoms indicating conditioned sleep 
difficulties and/or heightened arousal in bed. With paradoxical 
insomnia, there is a marked discrepancy between sleep dura-
tion and sleep efficiency as recorded by polysomnography and 
what is reported by the patient. Finally, for idiopathic child-
hood insomnia, the insomnia disorder began during childhood 
(i.e., before age 10) without an identifiable precipitant and has 
persisted since that time.

Determination of insomnia diagnosis was made through clin-
ical history and interview by a certified sleep clinician. Where 
participants met diagnostic criteria for more than one insomnia 
disorder, both were recorded. Participants were not eligible if, 
based on clinical assessment, they met the Research Diagnostic 
Criteria for insomnia related to any of the following: Periodic 
Limb Movement Disorder, Sleep Apnea, Drug or Substance 
and/or Medical Condition. Insomnia participants were required 
to score from 10 to 28 inclusive on the Insomnia Severity 
Index.34 Past diagnosis of a comorbid psychiatric disorder was 
also exclusionary, per the RDC for Insomnia Disorder.
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Control Group
Participants in the control group were included if they met 

Research Diagnostic Criteria for Normal Sleepers,3 reported 
habitual sleep duration > 6.0 h and < 9.5 h, and scored < 8 on 
the Insomnia Severity Index.34

Pre-Laboratory Protocol
Following screening and until study completion, participants 

were asked not to take any new prescription or non-prescription 
medications or supplements and refrain from using recreational 
drugs. This was verified by urine toxicology tests during the 
screening visit and on admission to the laboratory. Participants 
were instructed not to modify their caffeine, nicotine, or alcohol 
intake from the levels reported at screening. For the 48 h prior 
to their laboratory visit, participants were instructed to abstain 
from caffeine and nicotine.

Participants maintained their usual sleep-wake pattern in 
their home environment for ≥ 7 days prior to the laboratory 
visit, verified by daily sleep/activity diaries, visual inspection 
of actigraphy records (Actiwatch-L, Minimitter, Bend, OR), 
and daily call-in to a time-stamped voicemail service at bedtime 
and at wake time. Based on the daily call-in times, each partici-
pant’s habitual average bedtime across the 7 days prior to the 
laboratory visit was calculated.

Laboratory Protocol
Participants attended a ~12-h laboratory visit at the Intensive 

Physiologic Monitoring (IPM) Unit, Brigham and Women’s 
Hospital (BWH; Boston, MA), the Monash University Sleep 
Laboratory (Melbourne, Australia), or the Clinical and Trans-
lational Research Center Sleep Laboratory (University of 
Pennsylvania, Philadelphia, PA). To minimize the potential 
confounding effects of variations in performance levels due 
to time of day and duration of prior wakefulness, laboratory 
events were scheduled relative to each participant’s mean 
habitual bedtime. Participants were admitted to the laboratory 
approximately 9 h prior to their habitual bedtime. On arrival, 
participants completed practice sessions of neurobehavioral 
tests and were administered the Wechsler Test of Adult Reading 
(WTAR).35

During the laboratory visit, participants remained in a 
light-proof, sound-attenuated, and temperature-controlled 
suite. Ambient light levels were maintained at < 10 lux when 
measured in the horizontal plane at a height of 72 inches. A 
modified constant posture protocol was imposed; participants 
were seated ≥ 20 minutes prior to and during testing; food 
intake was standardized for timing and content; and wakeful-
ness was monitored by direct observation by research staff 
throughout the laboratory visit. Participants were free to engage 
in sedentary activities at times when they were not required to 
undertake study procedures.

Neurobehavioral Performance, Sleepiness, and Alertness
The following tests were included in the neurobehavioral test 

battery: (1) auditory psychomotor vigilance task (PVT)36 and 
PVT-two tone (PVT-TT),37 to assess sustained attention with 
and without response choice, respectively; (2) Switching Atten-
tion Task (SAT), with 3 parts21,38; (3) N-Back task to assess 
working memory39; (4) Performance Evaluation and Effort 

Scale (PEERS) to assess perceived level of performance and 
effort40; and (5) Karolinska Sleepiness Scale (KSS)41 and Visual 
Analogue Scale-Alertness (VAS-A) to assess subjective sleepi-
ness and alertness, respectively. See supplemental material for 
task details. The KSS and VAS-A were administered every 
hour from 5 h before to 2 h after habitual bedtime. A brief test 
battery consisting of the PVT and the PVT-TT was presented 
5 h before habitual bedtime and then hourly from 3 h before 
habitual bedtime until 2 h after habitual bedtime, and a full test 
battery (brief test battery plus N-Back, SAT) presented at 5 and 
3 hours before habitual bedtime and 1 h after habitual bedtime. 
Tasks were administered using the E Prime 2.0 (Psychology 
Software Tools, Inc., Sharpsburg, PA, USA) software system 
(unless specified) on a laptop computer.

Data Analysis
SPSS Statistics Version 20.0 (IBM, Armonk, New York) was 

used for all data analysis. Due to computer malfunction or error, 
some trials for some participants were not available for inclu-
sion in the final analysis. For statistical analysis, reaction time 
(msec) on the PVT and PVT-TT were each divided by 1,000 and 
then reciprocally transformed (1/RT) as described previously.42 
The transformed values were then averaged. The number of 
PVT lapses (RT > 500 msec) was transformed to normalize the 
distribution for statistical analysis ((√n) + (√n+1)).43 Appro-
priate normative data to convert raw scores on the Wechsler 
Test of Adult Reading (WTAR) into standardized scores and 
estimated IQ were only available for US participants; therefore, 
Australian subjects were excluded from the between-groups IQ 
analysis. For the daytime functioning questionnaire data, cate-
gory totals are not equal to population totals where question-
naire total scores could not be calculated due to missing data 
(i.e., participants failing to respond to singles items or when 
responses to single items were illegible).

Age and gender were entered as covariates in each anal-
ysis, as these factors were expected to differentially affect 
sleep, neurobehavioral performance, and daytime functional 
impairment measures. Sleep diary and self-reported daytime 
impairment measures were analyzed using one-way analysis 
of covariance (ANCOVA). Neurobehavioral performance 
measures were analyzed using mixed model ANCOVA, with 
group as the between subjects factor (insomnia, control), 
and time relative to habitual bedtime was the within subjects 
factor, with 3 (-5, -2, +1), 6 (-5, -2, -1, 0, +1, +2), or 8 levels 
(-5, -4, -3, -2, -1, 0, 1, +2), depending on frequency of 
administration of the test.

Pearson partial correlation, controlling for age and gender, 
was used to investigate the relationships between neurobehav-
ioral performance (sustained attention) and subjective daytime 
complaints, as well as sleep diary outcomes and state sleepiness 
and alertness measures. For these correlational analyses, we 
used PVT mean reciprocal reaction time and lapses as measures 
of sustained attention based on their established sensitivity 
to the effects of sleepiness and sleep loss.36,44 The subjective 
measures were chosen as they each capture a single domain of 
daytime dysfunction reported by insomnia patients (depression, 
anxiety, fatigue, physical health-related quality of life) or reflect 
insomnia severity. ISI scores had a restricted range because this 
measure was used as an inclusion criterion; therefore, the AIS 
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was used in the correlational analysis. We analyzed the KSS and 
VAS-A administered immediately prior to cognitive tests. Sleep 
onset latency, wake after sleep onset, and total sleep time from 
the sleep diary measure were chosen, as they are consistently 
shown to capture differences in self-reported sleep between 
insomnia patients and healthy controls.45

Bonferroni adjustments for multiple comparisons were 
made for the 7 sleep diary (week-long) outcome measures 
(α = 0.007) and for 12 self-reported daytime complaint 
measures (α = 0.0041). Where a task/measure had more than 
one outcome variable, Bonferroni corrections for multiple 
comparisons were made, e.g., PVT, 2 outcome measures 
(α = 0.025); PEERS, 3 outcome measures (α = 0.0017). No 
adjustments for multiple comparisons were made for corre-
lation analyses, as these were deemed secondary analyses. 
All results are reported as mean ± standard deviation unless 
otherwise stated.

RESULTS
All participants in the insomnia groups met RDC for 

Insomnia Disorder.3 Most participants in the insomnia group 
met the criteria for the primary and psychophysiological 
insomnia subtypes (56%), followed by psychophysiological 
(22%) or primary (16%) insomnia only. The insomnia group 
had significantly higher scores on the Athens Insomnia Scale 
than the control group (P < 0.05; Table 1). The insomnia and 

control groups were not significantly different on 
age, gender, BMI, or estimated full-scale IQ score 
(P > 0.05).

We examined whether or not the primary sleep 
and neurobehavioral outcomes were consistent 
across study sites in the insomnia group. We found 
no differences among sites in total sleep time, sleep 
efficiency, wake after sleep onset, PVT mean reac-
tion time, and PVT number of lapses (P > 0.05).

Self-Reported Sleep-Wake Assessment
Compared to the control group, the insomnia 

group reported significantly less total night sleep 
time and lower sleep efficiency, longer sleep onset 
latency, more wake after sleep onset, longer time in 
bed after their final awakening (sleep offset latency), 
and higher standard deviation of sleep onset latency 
(P < 0.007), the latter indicating increased night-
to-night variability in sleep latency (Figure 1). No 
significant group difference in total time in bed was 
observed (P > 0.007).

Self-Reported Daytime Impairments
Participants in the insomnia group reported 

significantly higher levels of fatigue, depression, 
anxiety, and sleep disturbance, as well as poorer 
mental health-related quality of life than those in 
the control group (P < 0.002). Insomnia patients 
reported significantly poorer neurobehavioral 
performance in everyday day life (P < 0.0038), 
which they also reported as reducing their quality 
of life (P < 0.0038). There were no significant group 
differences on physical health-related quality of life 

or daytime sleepiness (P > 0.0038; Table 2).

Laboratory Assessment
Both groups showed an increase in sleepiness (KSS score) 

with time of day (P < 0.05; Figure 2). No significant difference 
between groups or interaction effects with time were observed 
on the KSS or VAS-A (P > 0.05). Likewise, both groups showed 
slower mean reaction times on the PVT and PVT-TT with time 
into the laboratory session (P < 0.025; P < 0.05). For PVT 
lapses, however, no effect of time was observed (P > 0.05). 
For the PVT (lapses and mean reaction time) and PVT-TT, no 
overall difference between groups and no time by group inter-
action effects were observed (P > 0.05; Figure 2).

Overall, mean reaction time on the Switching Attention 
Task Part 3B was significantly slower in the insomnia group 
compared to the control group (P < 0.05). A trend towards 
significantly slower mean reaction times on Part 3A (P < 0.06) 
was also observed (Figure 2). No main effect of time or time 
by group interaction was observed (P > 0.05). The insomnia 
groups showed significantly slower mean reaction times on the 
N-Back task compared to controls (P < 0.05; Figure 2). There 
was no main effect of time and no time by group interaction 
effect (P > 0.05).

On the self-reported performance and effort rating scale 
(PEERS), both groups rated themselves as performing increas-
ingly worse with time (P < 0.0167). No significant main effect 

Table 1—Participant characteristics

Insomnia Group Control Group
N 76 20
Gender, M / F 32 / 44 6 / 14
Age, years 35.75 ± 12.0 34.75 ± 12.05

Range 19-61 21-60
Body mass index, kg/m2 24.43 ± 3.06 22.93 ± 2.37
Insomnia Severity Index score 19.26 ± 4.16* 0.50 ± 0.86
Insomnia diagnosis

Primary 12 –
Psychophysiological 17 –
Primary & Psychophysiological 43 –
Psychophysiological & Paradoxical 1 –
Psychophysiological & Idiopathic 2 –
Primary & Idiopathic 2 –

Sleep-wake characteristics (self-report diary)
Time in bed (h) 8.08 ± 0.19** 7.87 ± 0.14
Total sleep time (h) 6.27 ± 0.20 7.53 ± 0. 16
Sleep efficiency (%) 75.27 ± 2.23** 90.00 ± 5.36
Sleep onset latency (min) 48.33 ± 4.20** 8.83 ± 1.05
SD sleep onset latency (min) 31.90 ± 3.48** 4.89 ± 1.01
WASO (min) 38.34 ± 4.76** 4.30 ± 1.29
Sleep offset latency (min) 25.82 ± 3.05** 9.73 ± 2.24

All values reported as mean ± standard deviation and range where applicable. *Significant 
group differences (P < 0.01, independent samples t-test) are shown. Sleep wake 
characteristics of the insomnia group and control group, as recorded in sleep diaries, 
for one week immediately prior to the laboratory visit. **Significant group differences 
(P < 0.007) are shown. Standard deviation (SD), wake time after sleep onset (WASO), 
and sleep offset latency is time in bed after final awakening.
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of group and no time by group inter-
action differences were found on self-
reported effort or perceived ability to 
improve performance (P > 0.0167; 
Figure 2).

Comparison of Neurobehavioral 
Performance in Insomnia Patients 
with Short versus Normal Sleep 
Duration

Based on the findings of others,20 
the insomnia group was separated 
using sleep diary data into short sleep 
duration (self-reported total sleep 
time < 6 h) and normal sleep duration 
(self-reported total sleep time > 6 h). 
All control participants reported total 
sleep time > 6 h. When compared 
to the control group, the insomnia-
short sleep duration group, but not 
the insomnia-normal sleep duration 
group, were significantly slower on 
the Switching Attention Task Part 3A 
and 3B, as well as the N-Back Task 
(P < 0.05; Figure 2). No main effect 
of time or time by group interac-
tion was observed for any measure 
(P > 0.05). There was no main effect 
for group, time, or time by group 
interaction effect (P > 0.05) for the 
PVT mean reaction time or PVT 
number of lapses.

Correlates of Neurobehavioral 
Performance

In the insomnia group, significant 
correlations were found between poor 
performance on the PVT (mean 1/
RT, lapses) and increased scores on 
measures of depression, anxiety, and 
insomnia severity, as well as lower 
physical health-related quality of life 
(P < 0.05; Table 3). In contrast, in 
the control group, significant corre-
lations were found between poor 
performance on the PVT (mean 1/RT, 
lapses) and increased state sleepiness 
and alertness, as well as increased 
levels of anxiety and depression 
(P < 0.05; Table 3).

DISCUSSION
This study demonstrated that, 

compared to healthy controls, patients 
with insomnia disorder and no other 
medical or psychiatric conditions 
exhibited significant performance 
impairments on tasks of working 
memory and switching attention, but 

Figure 1—Neurobehavioral performance, subjective sleepiness and subjective task effort in the insomnia 
and control groups. Means and standard error of the mean are shown. Relative clock time is for a participant 
whose habitual bedtime was 12 midnight. PVT, psychomotor vigilance task; TT, two tone; RT, reaction time; 
SAT, Switching Attention Task; PEERS, Performance and Effort Evaluation Scale. For PVT MRT, PVT 
Lapses, and PVT-TT, raw means are shown here, but analysis was conducted on transformed RTs and 
lapses as described in the Data Analysis section. Only significant group differences are shown. *Significant 
group differences (main effect group), P < 0.05.
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not sustained attention. Insomnia patients also exhibited signif-
icant impairments in subjective measures of daytime func-
tioning, but did not differ from controls on measures of state 
or trait sleepiness. Neurobehavioral performance impairments 
in the insomnia group were associated with insomnia severity, 

fatigue, anxiety, depression, and physical health-related quality 
of life, but were not associated with measures of state sleepi-
ness or alertness, or with the characteristics of sleep in the week 
prior to testing. Conversely, in control participants, neurobe-
havioral performance was strongly associated with state and 

Table 3—Correlations between cognitive performance and trait daytime complaints and state sleepiness/alertness measures and sleep assessment measures

Insomnia Control
Domain Measure PVT, RT PVT, # Lapses PVT, RT PVT, # Lapses

Insomnia AIS -0.37** 0.41** -- --
Depression BDI 0.39** 0.39** -0.54* 0.45†

Fatigue FSS -0.24† 0.22† -0.34 0.29
Health-related quality of life SF-36 PH 0.30* -0.35** 0.17 --
Anxiety STAI -0.27* 0.14 -0.62* 0.65**
State sleepiness KSS -0.12 0.13 -0.33 0.65**
State alertness/sleepiness VAS -- -- -0.56** 0.77**
Self-reported sleep Total Sleep Time -- -- -0.25 0.18

SOL -- -- -0.23 --
WASO 0.15 -0.15 -0.11 -0.17

PVT, psychomotor vigilance task; RT, reaction time; AIS, Athens Insomnia Scale; BDI, Beck Depression Inventory; FSS, Fatigue Severity Scale; SF-36 PH, 
Short Form 36 Physical Health Summary Scale; STAI, State Trait Anxiety Inventory; KSS, Karolinska Sleepiness Scale; VAS, Visual Analogue Scale 
Sleepiness/Alertness; SOL, sleep onset latency; WASO, wake after sleep onset. Analysis was conducted on transformed RTs and lapses as outlined in Data 
Analysis. Pearson partial correlation, controlling for age and gender. Significant correlations (or trends) are shown in bold. r values shown (-- = r < 0.10). 
**P < 0.01, *P < 0.05, †P < 0.10

Table 2—Subjective measures of daytime impairment, sleep quality, and sleepiness

Domain Measure Insomnia Control P
Depression Beck Depression Inventory II 11.28 ± 8.24

45 Minimal (0-13)
15 Mild (14-19)

10 Moderate (20-28)

1.53 ± 1.90
19 Minimal

< 0.001

Anxiety State-Trait Anxiety Inventory 41.11 ± 8.84 28.63 ± 5.82 < 0.001

Fatigue Fatigue Severity Scale 37.77 ± 13.06
45 Fatigued

24 Not fatigued

13.67 ± 6.95
2 Fatigued

17 Not fatigued

< 0.001

Health-related quality of life SF-36 Physical Health Summary Scale 51.94 ± 6.51 53.21 ± 4.32 > 0.05
SF-36 Mental Health Summary Scale 41.38 ± 9.37 51.22 ± 5.82 < 0.001

Perception of neurobehavioral 
performance

FACT-Cog 40.75 ± 32.57 10.36 ± 12.96 < 0.002

Impact on Quality of Life 10.73 ± 8.37 0.58 ± 1.44 < 0.001

Insomnia symptoms Athens Insomnia Scale 11.8 ± 3.44 0.68 ± 0.75 < 0.001

Sleep disturbance Pittsburgh Sleep Quality Index 10.70 ± 3.25
65 Sleep disturbance

4 No sleep disturbance

3.39 ± 1.02
0 Sleep disturbance

18 No sleep disturbance

< 0.001

Daytime sleepiness Epworth Sleepiness Scale 6.39 ± 4.06
57 Normal, 12 EDS

5.16 ± 3.28
18 Normal, 1 EDS

> 0.05

Sleep hygiene Sleep Hygiene Questionnaire 33.00 ± 6.35 26.89 ± 6.60 < 0.001

Sleep disruptive beliefs Dysfunctional Attitudes and Beliefs About Sleep Scale 64.83 ± 16.38 34.95 ± 15.39 < 0.001

All values are reported as mean ± standard deviation. SF-36, Short Form Health Survey 36; FACT- Cog, Functional Assessment of Chronic Illness Therapy 
for Patients with Cognitive Functioning Issues; EDS, excessive daytime sleepiness. Category totals are not equal to population totals where questionnaire 
total scores could not be calculated due to missing data (see Data Analysis section). Significant group differences are shown in bold, and remain significant 
with Bonferroni corrections for multiple comparisons.

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/37/1/107/2453894 by guest on 21 August 2022



SLEEP, Vol. 37, No. 1, 2014 113 Insomnia and Neurobehavioral Functioning—Shekleton et al

trait measures of sleepiness. The insomnia group was more 
likely than the control group to report that cognitive impair-
ments contributed to their reduced quality of life, highlighting 
the clinical significance of performance impairments in this 
population.

This study used a well-characterized population of insomnia 
patients who reported significantly less total nighttime sleep 
duration compared to healthy controls, despite no difference 
in the duration of time in bed. Consistent with their diagnosis, 
the insomnia group reported significantly longer sleep onset 
latency, more wake after sleep onset, and poorer sleep effi-
ciency. The insomnia group also showed a significantly higher 
variability in their sleep onset latency, indicating night-to-night 
variability in their sleep disturbance.46,47 The insomnia group 
also reported poorer sleep quality, poorer sleep hygiene, and 
elevated levels of dysfunctional beliefs about the consequence 
of poor sleep, consistent with previous studies.30,46 Thus, there 
was considerable consistency across measures of different 
aspects of the insomnia experience.

Patients with insomnia showed poorer performance on a 
task of working memory (N-Back task), consistent with a 
recent meta-analysis.19 Insomnia patients were also shown to 
have significant impairments on a Switching Attention Task 
(Part 3B), supporting the findings of others.21,38 One of these 
previous studies,21 however, also reported significant perfor-
mance impairments on Part 3A of the task. Part 3B of the task 
can be considered more difficult than Part 3A, as shown in the 
relatively longer response times. The insomnia group there-
fore only showed deficits on the higher level cognitive tasks 
included in the test battery.

There is considerable cortical overlap between the two 
cognitive functions which were found to be significantly 
impaired in insomnia patients—shifting attention and working 
memory.48 Functional neuroimaging studies show a strong link 
between performance on spatial N-Back working memory 
tasks and prefrontal cortical activation.49 Similarly, switching 
(or shifting) attention processes are thought to be a function 
of the prefrontal cortex,50 which is supported by functional 
neuroimaging studies.48 Deficits common to these two tasks 
may therefore be due to functional and/or structural changes 
in the prefrontal cortex that have been reported in patients with 
insomnia, including reduced orbitofrontal volume (MRI),51 
hypometabolism in the prefrontal cortex during wake (PET),52 
and hypoactivation in prefrontal (and medial) areas during a 
prototypical executive task (fMRI).53 Focal injuries to dorso-
medial prefrontal areas are associated with moderate to severe 
insomnia symptoms (sleep initiation and maintenance),54 and 
reduced orbitofrontal volume has been found to be associ-
ated with symptom severity.51 The current study, together 
with others,51-54 collectively indicate that cognitive deficits in 
insomnia patients may be due to altered functioning of the 
pre-frontal cortex, which has also been implicated in the sleep 
disturbances characterizing the disorder, rather than simple 
sleepiness resulting from chronic sleep deficiency.

Additional support for the finding that the neurobehavioral 
performance deficits in insomnia patients are qualitatively 
different from those observed following sleep loss comes from 
the finding that the insomnia participants who self-reported short 
sleep duration (total sleep time < 6 h) did not show performance 

deficits on the sustained attention task (PVT) compared to 
controls. This is despite this task being widely recognized for 
its sensitivity to the effects of sleepiness.36 In contrast, insomnia 
patients who reported short sleep duration did show perfor-
mance deficits on the working memory and switching attention 
tasks, while those reporting normal sleep duration did not show 
such deficits. These findings are consistent with those of others 
who have linked objectively determined short sleep duration in 
insomnia patients with the presence of cognitive deficits.20

Importantly, in the insomnia group there were no significant 
associations between state sleepiness measures and perfor-
mance on a task known to be sensitive to sleepiness (PVT). 
In contrast, in the control group, subjective sleepiness and 
alertness measures explained up to two-thirds of the variance 

Figure 2—Neurobehavioral performance in the insomnia with normal 
(≥ 6 h) sleep duration group, insomnia with short (< 6 h) sleep duration 
group and control group. Means and standard error of the mean are 
shown. See Figure 1 for key. *Significant differences are only between 
the insomnia short sleep duration group and the control group (P < 0.05).
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in performance on this task. In the insomnia group, neurobe-
havioral performance was strongly associated with insomnia 
severity, depression, fatigue, anxiety, and physical health-
related quality of life. These results suggest that objectively 
measured daytime performance among insomnia patients is 
related to their experience of other daytime impairments such 
as dysphoric mood and fatigue, which perhaps share a common 
mechanism.55 Daytime performance was not correlated with 
sleepiness or alertness immediately prior to testing, or to sleep 
disturbances in the week prior to testing. This finding supports 
previous studies showing weak relationships between measures 
of sleep and performance among insomnia patients.21 Cognitive 
impairments in insomnia patients do not seem to be directly 
related to experiences of sleepiness or sleep disturbance, but 
instead to other domains of daytime dysfunction.17,18

Despite a reduction in self-reported total sleep time and sleep 
efficiency, the level of daytime sleepiness in insomnia patients 
did not differ from that of the control group. Neither did the 
insomnia group show elevated sleepiness under controlled 
laboratory conditions, when potentially stimulating environ-
mental factors were highly controlled. The insomnia group 
did, however, reported experiencing significantly higher levels 
of daytime fatigue. This finding confirms prior assertions that 
the term fatigue rather than sleepiness may better capture the 
daytime experience of insomnia patients,18 and should therefore 
be included in standardized assessments of the disorder.45

This study demonstrated that sustained attention (PVT) in 
the insomnia group was not impaired relative to controls, even 
when the cognitive load was increased (PVT-TT). While the 
majority of previous studies have shown that insomnia is not 
associated with slowed reaction times on simple or complex 
attention tasks,19 one study reported that patients with insomnia 
perform faster than controls on a simple sustained attention 
task but slower than controls on a complex sustained atten-
tion task.37 This finding was not replicated here, perhaps due to 
differences in task modalities (i.e., visual stimuli in a previous 
study37 versus auditory stimuli here), the substantially older age 
group used in the previous study (60.6 years versus 35.6 years 
in the present study), or the tasks used in the present study 
lacked sensitivity to detect subtle attention deficits.

In addition to fatigue, individuals with insomnia also reported 
poorer mental health-related quality of life, as well as elevated 
symptoms of anxiety and depression. This is consistent with 
previous studies that have used stringent screening protocols to 
include only individuals with primary insomnia, yet find signif-
icant and widespread areas of daytime dysfunction in the same 
domains reported here.56,57

Limitations of this study should be acknowledged. We did 
not use polysomnography to exclude those with comorbid 
sleep disorders, although all participants were assessed by 
a sleep physician and excluded if a comorbid sleep disorder 
was thought to be present. The correlational approach used in 
this study is unable to determine causal relationships between 
daytime dysfunction and cognitive performance. We acknowl-
edge that elevated depression and anxiety symptoms, which 
are common in patients with insomnia, also have an impact on 
cognitive function.19 While it will be difficult for future research 
studies to establish the extent to which the daytime symptom 
burden is due to sleep disturbance, or whether it may be due to 

other psychological issues, a necessary first step in attributing 
causality is to measure accurately each daytime symptom using 
standardized questionnaires. This approach would allow studies 
to better monitor the chronicity and temporal characteristics 
of these symptoms relative to the sleep disturbance, thereby 
providing clearer and more complete evidence of causality.

This study adds to the growing body of literature demon-
strating that patients with insomnia do indeed experience objec-
tive deficits in cognitive function. This is consistent with the 
experience of patients who consistently report difficulties with 
their ability to think clearly during the day. The fact that differ-
ences were found on tasks of shifting attention and working 
memory compared to healthy sleepers, and not on simple or 
complex tasks of sustained attention, suggests that patients 
with insomnia may be able to maintain a reasonable level of 
performance and seem to be relatively unimpaired on low 
demand tasks. Differences are more likely to emerge as cogni-
tive demands of a task increase. This is likely one reason for the 
reduced work productivity reported for those with insomnia.12 
As this consistent pattern of findings begins to emerge, it may 
become possible to develop a standardized cognitive assess-
ment that could be used in the assessment of insomnia and 
its daytime consequences. Of note, the findings of the current 
study indicate that the daytime consequences of insomnia are 
not simply caused by sleep loss and the resulting increase in 
sleepiness, but instead by a disturbance of brain functioning 
that results in contemporaneous sleep disturbance and reduced 
cognitive functioning. This distinction lends further weight to 
the statement that insomnia is not equivalent to sleep depri-
vation. Future studies are needed to determine the nature and 
mechanisms of the disturbance in brain function that underlies 
insomnia.
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