INSOMNIA WITH SHORT SLEEP

Insomnia with Objective Short Sleep Duration is Associated with Deficits in
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Study Objectives: To examine the joint effect of insomnia and objective short sleep duration on neuropsychological performance.

Design: Representative cross-sectional study.

Setting: Sleep laboratory.

Participants: 1,741 men and women randomly selected from central Pennsylvania.

Interventions: None.

Measurements: Insomnia (n = 116) was defined by a complaint of insomnia with a duration = 1 year and the absence of sleep disordered breathing
(SDB), while normal sleep (n = 562) was defined as the absence of insomnia, excessive daytime sleepiness, and SDB. Both groups were split ac-
cording to polysomnographic sleep duration into 2 categories: = 6 h of sleep (“normal sleep duration”) and < 6 h of sleep (“short sleep duration”). We
compared the groups’ performance on a comprehensive neuropsychological battery that measured processing speed, attention, visual memory,
and verbal fluency, while controlling for age, race, gender, education, body mass index, and physical and mental health.

Results: No significant differences were detected between insomniacs and controls. However, the insomnia with short sleep duration group com-
pared to the control with normal or short sleep duration groups showed poorer neuropsychological performance in variables such as processing
speed, set-switching attention, and number of visual memory errors and omissions. In contrast, the insomnia with normal sleep duration group
showed no significant deficits.

Conclusions: Insomnia with objective short sleep duration is associated with deficits in set-switching attentional abilities, a key component of the
“executive control of attention.” These findings suggest that objective sleep duration may predict the severity of chronic insomnia, including its effect
on neurocognitive function.
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INSOMNIA IS THE MOST COMMON SLEEP DISORDER,
YET LITTLE IS KNOWN ABOUT THE MECHANISMS,
CAUSES, CLINICAL COURSE, AND CONSEQUENCES
of this highly prevalent chronic condition.! Many studies have
established that insomnia is highly comorbid with psychiatric
disorders and is a risk factor for the development of depression,
anxiety, and suicide.? However, the evidence on the association
of insomnia with medical morbidity is very limited."?
Although insomniacs commonly complain of cognitive defi-
cits, mainly of attention and concentration, there is a surprising
lack of evidence to suggest a link between chronic insomnia and
cognitive dysfunction in objective testing.>* In fact, published
reviews demonstrated poorer performance among patients with
insomnia in only a small number of studies (approximately 10%
to 25%), according to the 2006 Standards in Insomnia Commit-
tee. Thus they concluded that no specific psychomotor or cogni-
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tive-performance measure can be recommended for routine use
in insomnia studies.® In the 3 most recent studies,” using poly-
somnography and performance data to compare insomniacs to
normal sleepers, results were mixed. Two of 3 studies included
only small sample sizes, whereas the third included a relatively
large group of research volunteer primary insomniacs and used
a rather narrowly focused battery. To date, our sample is the
largest population-based study using full polysomnography and
a comprehensive neuropsychological battery that has been con-
ducted in adults to investigate the association of insomnia and
performance.

We have previously reported that objective short sleep dura-
tion in insomnia may be an index of the biological severity of
the disorder. Specifically, insomnia with short sleep duration
has been shown to be associated with a high risk for hyperten-
sion'® and type 2 diabetes'' as well as with activation of the
hypothalamic-pituitary-adrenal (HPA) axis.'*'* The latter find-
ing is particularly relevant to neuropsychological performance
because hyperactivity of the HPA axis has been shown to be
associated with neurocognitive deficits.!>'®

Based on these observations, we speculate that insomniacs
with short sleep duration may be at high risk for deficits in neu-
ropsychological performance. In order to test this hypothesis,
we examined the joint effects of the complaint of chronic in-
somnia and objective sleep duration on the neuropsychological
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performance of a large cross-sectional population-based sample
from The Penn State Cohort.

METHODS

Population

The data presented here were collected as part of a 2-phase pro-
tocol whose primary purpose was to establish the age distribution
of sleep disordered breathing.'®* In the first phase of the study,
a sample of adult men and women (age > 20 y) was randomly
selected from local telephone households in 2 counties of Central
Pennsylvania (Dauphin and Lebanon) using the Mitofsky-Waks-
berg 2-stage random digit dialing procedure.?! A within-house-
hold selection procedure described by Kish was used to select the
specific man or woman to be interviewed.? Telephone interviews
were conducted with 4,364 age-eligible men and 12,219 age-eli-
gible 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 de-
mographic and sleep information.

In the second phase of this study, a subsample of 741 men
and 1,000 women selected from those subjects previously inter-
viewed 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. We contrasted those subjects who were re-
corded in the laboratory with those who were selected but not re-
corded in terms of age, BMI, and prevalence of sleep disorders.
There were no significant differences between these 2 groups on
any of these variables. After complete description of the study to
the subjects, written informed consent was obtained.

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 moni-
tored for 8 h using 16-channel polygraphs including electroen-
cephalogram, electrooculogram, and electromyogram. Bedtimes
were adjusted to conform to subjects’ usual bedtimes, and sub-
jects were recorded between 22:00-23:00 and 06:00-07:00. In
this random general sample of Central Pennsylvania the vast
majority of individuals went to bed between 22:00 and 23:00,
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 records were
subsequently scored independently according to standardized
criteria.” Percent sleep time is total sleep time (duration of
sleep) divided by recorded time in bed and multiplied by 100.
Respiration was monitored throughout the night by use of ther-
mocouples at the nose and mouth and thoracic strain gauges.
All-night recordings of hemoglobin oxygen saturation (SpO,)
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, based on a standardized questionnaire
completed by the subjects on the evening of their sleep labora-
tory visit. The characteristics and content of this questionnaire
have been extensively presented elsewhere.!*!"1%2° To control
for possible confounding variables influencing the relationship
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between insomnia and neuropsychological performance, we
ascertained whether the respondent was currently treated for
physical health (i.e., hypertension, diabetes, thyroid, allergies/
asthma, anemia, birth defect, cancer/tumor, colitis, encepha-
litis, epilepsy, heart trouble, kidney/bladder, migraine, Par-
kinson, rheumatism, stroke, and ulcer) or mental health (i.c.,
depression, suicide thoughts and attempts, alcohol, drug, and
marital) problems at the time of the interview. Depression as a
stand-alone variable was considered to be present if the indi-
vidual was currently treated for depression or had a history of
suicidal thoughts or attempts.'®!"1202* A composite summary
variable for each general category (physical health or mental
health) was calculated by indicating a positive response when
at least one variable within that category was present, as de-
scribed elsewhere.”* Additional information obtained during
the polysomnographic evaluation included sleep apnea and
periodic limb movement assessment. For the purpose of this
study, sleep apnea was defined as an obstructive apnea or hy-
popnea index > 5 (AHI > 5). The condition of periodic limb
movements was considered present when there were > 5 move-
ments per hour of sleep. A leg movement was scored when it
lasted more than 0.5 sec, less than 5.0 sec, and in intervals of
< 90 sec between movements.” 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
within each category.

Sample and Subgroups

From the 1,741 individuals, a total of 1,405 completed all
tasks of a neuropsychological battery and were classified as
chronic insomniacs or controls. The inclusion criteria for the
“insomnia” group were: 1) a complaint of insomnia with a du-
ration > 1 year, and 2) an AHI < 5 in the sleep lab. A total of
116 subjects met the criteria for chronic insomnia. The inclu-
sion criteria for the control group were: 1) absence of “insom-
nia,” as defined above; 2) absence of “poor sleep” (defined as a
moderate to severe complaint, based on a mild to severe scale,
of difficulty falling asleep, difficulty staying asleep, early fi-
nal awakening, or unrefreshing sleep); 3) absence of “exces-
sive daytime sleepiness,” ascertained by moderate to severe
responses to 2 questions: “do you feel drowsy or sleepy most of
the day but manage to stay awake?” and “do you have any irre-
sistible sleep attacks during the day?”; and 4) an AHI <5. The
total number of normal sleepers in the control group was 562.
The remaining 727 subjects did not fulfill the criteria stated for
each group. The majority of them (n = 415) were excluded be-
cause they reported “poor sleep” as defined above. From the
objectively recorded sleep time data, we split the groups into
two categories (based on the median sleep duration of the entire
sample, which is 6 h): the “normal sleep duration group” con-
sisted of those who slept > 6 h, and the “short sleep duration
group” of those who slept < 6 h. Thus, we created the following
4 groups: the “controls with normal sleep duration group” con-
sisted of those controls who slept > 6 h (n = 343), the “controls
with short sleep duration group” of those controls who slept < 6
h (n=219), the “insomniacs with normal sleep duration group”
of those chronic insomniacs who slept > 6 h (n = 65), and the
“insomniacs with short sleep duration group” of those chronic
insomniacs who slept <6 h (n=51).
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Neuropsychological Assessment

On the evening before the sleep recording, each partici-
pant completed a battery of neuropsychological standardized
tests?*?” consisting of measures commonly used in clinical prac-
tice to assess a range of cognitive domains that included infor-
mation processing speed, attention, visual memory, and verbal
fluency. All testing sessions occurred between 19:00 and 20:00.
During the 1-h testing session, 5 neuropsychological tests were
administered. The Mini-Mental State Examination (MMSE) is
a global measure of dementia and assesses global cognitive sta-
tus?*?’; subjects with a total score < 26 were excluded from the
analyses. The Symbol Digit Modalities Test (SDMT) primarily
assesses psychomotor processing speed and the visual scanning
and tracking aspects of complex attention.’*?” The Trail Mak-
ing Test (TMT) is a 2-part test that assesses different aspects
of attention. Part A (TMT-A) assesses visual conceptual track-
ing, psychomotor processing speed, and attention.”** Part B
(TMT-B) also assesses visual conceptual tracking, psychomo-
tor processing speed, and, in addition, it requires set-switching
attention.”**® The TMT B-A is a derived score that removes
the speed element from the test evaluation by subtracting part
A from part B; it is considered to be a purer measure of the
set-switching task required in Part B.?*” The Benton Visual
Retention Test (BVRT; administration A, immediate recall) as-
sesses short-term visual memory, visual perception, and visu-
al-constructive abilities.?*” The Thurstone Word Fluency Test
(TWFT) assesses the spontaneous oral and written production
of words under restricted search conditions and the ability to
inhibit previous responses.?*?’

Statistical Analyses

The design of this study included oversampling of those at
higher risk for sleep disordered breathing (SDB) and women
with markedly higher levels of BMI to increase the precision
of the risk estimates. Because of this sampling strategy, nu-
meric sampling weights were developed for the analysis so that
the estimates could be inferred to the original target popula-
tion. A comprehensive presentation of this sampling strategy
has been presented elsewhere,'®!1*224 including the use of the
NHANES III laboratory data as the standard® to adjust both the
men and women in terms of sociodemographics to be represen-
tative of the national population. Two by 2 (insomnia x short
sleep duration) multivariate analyses of variance (MANOVA)
were used to assess the effects of chronic insomnia, objective
short sleep duration and their interaction on sociodemographic,
health-related, and polysomnographic variables. A 2 by 2 (in-
somnia % short sleep duration) MANOVA was used to assess
the effects of chronic insomnia, objective short sleep duration,
and their interaction on all neuropsychological measures, while
controlling for major confounding factors expected to influence
these effects (i.c., age, race, gender, education, BMI, physical
health, mental health, and sampling weight). Post hoc Dunnett
tests were applied to control for type I errors, performing mul-
tiple comparisons against the control with normal sleep dura-
tion group, while controlling for all confounding factors. In
addition, to compare controls with short sleep duration vs. in-
somniacs with short sleep duration, the least square difference
post hoc test was used. Partial correlations, controlling for all
confounders, between neuropsychological measures were also
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conducted. The critical statistical confidence level for all analy-
ses was P = 0.05. Analyses were performed using SPSS 15.0
(Chicago, IL, USA).

RESULTS

The demographic, clinical, and sleep characteristics of the
control and the insomnia subgroups, based on objective sleep
duration, are presented in Table 1. There were no significant
interactions between insomnia and short sleep duration on any
PSG variables.

We first tested the effects of insomnia, short sleep duration,
and their interaction on all neuropsychological performance
measures in a 2 by 2 MANOVA while controlling for gender,
age, race, education, BMI, physical health, mental health, and
sampling weight. The insomnia % short sleep duration inter-
action (Wilk’s L = 0.963; F = 2.104; P < 0.05) was significant
on SDMT (P <0.05), TMT-B (P <0.01), TMT B-A (P <0.01),
and number of omissions (P < 0.05) on the BVRT. These
significant interactions are suggestive of synergistic effects
of insomnia and short sleep duration on these four neurop-
sychological measures. Consistently, a significant multivari-
ate effect was revealed for short sleep duration (Wilk’s A =
0.956; F =2.534; P < 0.01), whereas insomnia alone failed to
show multivariate significance (Wilk’s A = 0.981; F = 1.034;
P > 0.1). Table 2 presents the adjusted mean scores and the
F-values for the interaction effects, the insomnia main effects,
and the short sleep duration main effects.

Because of the observed significant interaction between
insomnia and short sleep duration, we examined mean differ-
ences in neuropsychological performance between the control
with normal sleep duration (> 6 h) group and the insomnia
with normal sleep duration (= 6 h) group, the insomnia with
short sleep duration (< 6 h) group and the control with short
sleep duration (< 6 h) group. Dunnett multiple comparisons
were used to test mean differences between the controls with
normal sleep duration and the other groups, while controlling
for potential confounders.

Dunnett post hoc tests revealed significant differences be-
tween the insomnia with short sleep duration group and the
control with normal sleep duration group in SDMT (P <0.01),
TMT-B (P < 0.05), TMT B-A (P < 0.05), and total number
of errors (P < 0.05) and number of omissions (P < 0.05) on
the BVRT, with the former performing worse than the latter
(Table 2). In addition, post-hoc analyses showed that the in-
somnia with normal sleep duration group was not significantly
different from the control with normal sleep duration group
in terms of neuropsychological performance. Furthermore,
the control with short sleep duration group showed signifi-
cant difference in SDMT (P < 0.05) when compared with the
control with normal sleep duration group. Finally, the insom-
nia with short sleep duration group showed differences in
TMT-B (P <0.05), TMT B-A (P < 0.08), and number of omis-
sions (P < 0.01) on the BVRT when compared to the control
with short sleep duration group. No differences were found
between groups in the oral or written sections of the TWFT.
These results remained significant, and the mean scores very
similar to those reported in Table 2 even after adjusting for
the number of wakes, number of sleep stage changes, percent
stage 1 sleep, and periodic limb movements (Wilk’s A =0.890;
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Table 1—Sociodemographic, polysomnographic and health-related characteristics of control and insomnia subgroups

Sociodemographics
Female?
Age, years®
Caucasian?
BMI, kg/m?2®
Education, years®
PSG measures
SOL, minutes®
WASO, minutes®
Total sleep time, minutes®
Total wake time, minutes®
Sleep efficiency, %°
Stage 1, %°
Stage 2, %°
Stage 3, %°
Stage 4, %°
SWS (3+4), %°
Stage REM, %®°
REM latency, minutes®
AHP

Health and cogpnitive status
Physical health problems?

Mental health problems?
MMSE, score®

Controls
2 6h
(n=343)
199 (58)
47.43 +11.61
292 (85.1)
29.43 £ 5.66
1340 +£2.28

19.00 + 13.57
55.78 +24.09
400.21 +28.14
T4.73 £ 26.47
84.28 + 5.54
712460
70.88 £7.98
3.21+4.88
028 +1.22
3.49+543
18.51 £5.97
95.95 + 50.64
057115

252 (73.5)
56 (16.3)
29.22 4 1.04

Insomniacs
26h
(n=65)
51(78.5)
44.51 £10.07
41 (63.1)
31.84 £8.85
13.41+226

22.73+20.13
50.39 £ 23.34
400.64 + 39.26
7312 £27.75
84.58 £ 5.67
6.53 £4.83
71.23 £8.50
312478
044 +£1.72
3.56 £ 5.52
18.68 +6.03
111.43 £ 73.00
0.60 +1.26

56 (86.2)
32 (49.2)
29.00 +1.29

Controls
<6h
(n=219)
121 (55.3)
55.59 £ 11.29
197 (90)
31.10+6.89
13.41+£2.39

46.40 + 38.80
133.60 + 47.27
292.40 +£55.10
180.19 + 48.25

62.07 £9.83

13.14 £9.04

70.69 £9.41

2.68 £5.40
0.18 £1.03
287572

13.30 £6.90
150.16 + 95.36

0.73+1.39

162 (74.0)
35 (16)
29.16 +1.05

Insomniacs
<6h
(n=51)
38 (74.5)
55.92 + 12.88
38 (74.5)
29.80 £7.22
12.35£2.22

48.53 + 38.70
141.31£44.28
282.11£57.13
189.85 £ 57.74

59.82 + 11.53

12.65+9.34

69.58 + 10.41

3.35+5.36
0.16 £0.72
3.51+£543

14.26 + 8.66
122.73 £ 62.04

063124

46 (90.2)
18 (35.3)
29.08 + 1.11

F
Interaction

0.01
1.89
0.79
7.51%
5.06*

2.59
2.51
0.70
1.38
1.36
0.85
1.29
0.33
0.01
0.26
0.13
2.80
0.11

0.16
2.81
0.51

F
Insomnia

15.79**
1.20
25.35™
0.68
4.71*

0.10
1.74
3.37
1.33
1.74
0.23
0.38
0.22
0.10
0.13
0.65
0.60
1.02

10.93**
41.54*
2.09

F
Short sleep
duration
0.45
68.53*
4.76*
0.08
4.87*

51.09*
439.05*
399.74*
458.44*
512.83**

42.54*

1.98
1.74
0.06
1.65
18.34*
3.35
0.03

0.27
3.1
0.02

avalues are in n(%); ®values are in mean + SD; BMI, body mass index; MMSE, Mini Mental Status Examination; AHI, obstructive apnea/hypopnea index;

SOL, sleep onset latency; SWS, slow wave sleep; WASO, wake time after sleep onset; *P < 0.05; **P < 0.01

Table 2—Neuropsychological mean scores of control and insomnia subgroups

Symbol Digit Modalities Test

Number Correct?

Trail Making Test
TMT-A, seconds?
TMT-B, seconds?
TMT B-A, seconds?

Benton Visual Retention Test

Number Correct?
Number of Errors?
Omissions?
Distortions?
Perseverations®
Rotations?
Misplacements?
Size error?

Thurstone Word Fluency Test

Oral, number of words?

Written, number of words?

Controls
26h
(n=1343)
50.64 +8.90

31.53£10.93
75.18 £ 33.52
43.65 £29.45

6.79 £ 1.67
476 +2.78
0.40+0.93
214 £1.67
0.69 £0.93
0.76 £0.93
0.68 £0.93
0.10 £0.37

11.65 + 4.26
11.56 £ 3.70

Insomniacs
26h
(n=65)
52.39+9.19

32.02 £ 11.37
68.03 + 34.59
36.01 £ 30.47

6.85 £ 1.69
520+282
0.44 £0.97
227 £1.77
0.72£1.05
0.84 £0.97
0.69 £0.97
0.14+0.48

1219+ 4.35
12.09 £ 3.87

Controls
<6h
(n=219)
48.58 +9.03

3112+ 11.25
77.48 +34.04
46.36 + 30.04

6.64 + 1.63
5.13 £2.81
0.38 £0.89
241178
0.75+0.89
0.70 £0.89
0.78 £ 1.04
012044

11.67 +£4.29
11.75 £ 3.85

Insomniacs
<6h
(n=51)
46.26 + 8.93

33.21 £ 11.00
87.83 +£33.49
54.61+£29.42

6.27 = 1.64
5.72+2.11
0.75+0.93
2281171
0.81+0.93
1.00 +0.86
0.86 = 1.00
0.10+0.43

12156 +4.21
11.31 £ 3.71

F
Interaction

5.00*

0.52
6.59™
7.03*

0.01
3.39
4.33
091
0.41
0.99
0.01
0.34

0.00
1.91

F
Insomnia

0.07

1.19
0.12
0.00

1.88
0.85
1.77
0.04
0.35
1.25
0.17
0.08

1.34
0.02

F
Short sleep
duration

16.69**

0.11
8.08™
9.67**

3.07
4.45°
4.22*
0.26
0.02
0.13
1.40
0.21

0.01
0.54

2values are mean + SD adjusted for age, education, gender, race, BMI, physical health, mental health, and sampling weight; *P < 0.05, **P < 0.01
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F = 2.151; P < 0.01). Furthermore, when the analyses were
repeated by removing the subjects with PLMS or by control-
ling for depression as a stand-alone variable the results did not
change significantly.

In order to help explain the neuropsychological profiles
found, partial correlation analyses (controlling for all con-
founders) were conducted between all neuropsychological
tests separately for the control and insomnia subgroups. Within
the insomnia with short sleep duration group, omissions on
the BVRT showed a significant correlation with TMT B-A
(r = 0.54; P < 0.01). Perseverations on the BVRT within the
insomnia with short sleep duration group significantly corre-
lated with TMT B-A (» = 0.33; P < 0.05), but not with SDMT
(r=-0.21; P> 0.1). Within the control with short sleep duration
group, TMT B-A did not significantly correlate with omissions
(r=-0.04; P> 0.1) or perseverations (» =—0.06; P> 0.1) on the
BVRT.

DISCUSSION

This large, population-based study demonstrates that chronic
insomnia with objectively measured short sleep duration is sig-
nificantly associated with deficits in neuropsychological perfor-
mance. This poorer performance is independent of other factors
frequently associated with insomnia or with deficits in neurop-
sychological performance, such as age, education, race, gender,
obesity, sleep disordered breathing, or depression. Specifically,
impairment on measures of processing speed, set-switching at-
tention, and short-term visual memory clearly emerged, suggest-
ing deficits in the “executive control of attention,” a high-order
cognitive function that involves the prefrontal and the anterior
cingulate cortices.*** Furthermore, our findings, together with
those of previous studies,'™!" suggest that objective measures
of sleep duration in insomnia may be a useful marker of the
biological severity and medical impact of this very prevalent
disorder.

In the past, most studies found no clear evidence of neu-
ropsychological performance deficits between insomniacs and
normal sleepers.** This has led to the conclusion by the 2006
Standard Committee for Insomnia that these measures were
not diagnostically useful.® More recently, 3 studies™ that also
presented objective sleep data assessed neuropsychological
performance in insomnia patients. Two of them included small
samples and reported opposite results. The difference between
the insomniacs of these 2 studies is that in the positive study, in-
somniacs slept objectively worse than the controls,” whereas in
the negative study the insomniacs slept as well as the controls.®
The third one included a large group of research volunteers with
primary insomnia and found a significantly longer response la-
tency on psychomotor tasks.” Interestingly, in this study, there
was a modest but significant correlation between objective wake
time after sleep onset and psychomotor performance. Our study
confirms and expands on previous findings on the association
between objective measures of sleep and neuropsychological
impairment.”’ In our study, we found no difference when we
compared the entire group of insomniacs to controls, as well as
when we compared the group of insomniacs with normal ob-
jective sleep duration and normal controls. These findings can
explain why most of the previous studies failed to document
differences between insomniacs and controls.
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In the present study, the insomnia with short sleep dura-
tion group showed poorer neuropsychological performance in
measures of processing speed (SDMT), set-switching atten-
tion (TMT-B and TMT B-A), and short-term visual memory
(BVRT). However, deficits in the short-term visual memory do-
main, as assessed by increased number of errors and omissions
on the BVRT, could be better explained by the above mentioned
set-switching attentional deficits, as the BVRT is very sensi-
tive to attentional problems, typically revealed as omissions.**?’
Indeed, executive processes play an important role in memory
tasks.* In the present study, omissions and perseverations on
the BVRT were strongly correlated with TMT B—A scores with-
in the insomnia with short sleep duration group. Taking these
findings together, the neuropsychological profile of insomniacs
with short sleep duration suggests deficits in the “executive
control of attention,” as especially revealed by significantly
poorer performance in TMT B—A, which is considered a purer
measure of the ability to flexibly switch attention.?’-

The present data on poorer performance on the SDMT in in-
somniacs with short sleep duration partially support the view of
a pure “slowed processing” deficit, consistent with the findings
of sleep fragmentation and sleep deprivation studies.***¢* How-
ever, the present results also suggest that in addition to slowness,
the degree of controlled processing required to flexibly perform
a set-switching task once the effect of psychomotor processing
speed is eliminated (TMT B—A) is also an important factor af-
fecting the insomniacs with short sleep duration. A recent study
has revealed that insomniacs may have faster processing speed
on a simple reaction time task, yet suffer more when the com-
plexity of the task is slightly increased.’” Thus, insomniacs with
short sleep duration show specific impairment on tasks with
high set-switching/cognitive flexibility?® demands.

Task switching, interference control, allocation of attentional
resources, and working memory have been all linked in func-
tional neuroimaging studies to the “executive network,” which
is supposed to be located in the anterior areas of the brain.**
Tasks of executive attention, such as TMT-B, have been shown
to be mediated by activation of the prefrontal and the anterior
cingulate cortices.*>*® Considering the findings from the neu-
roimaging and factor analytic reports on the tests used in the
present study,*®** a broader neuropsychological battery of tests
would be necessary to assess the different components of the
attentional and executive network, such as working memory
and interference control, in chronic insomniacs. Nevertheless,
the findings of the present study are in agreement with a recent
functional neuroimaging study* that revealed hypoactivation of
the prefrontal cortex during task performance in insomniacs.

Furthermore, our findings on the additive or synergistic ef-
fect of chronic insomnia and objective sleep duration on neu-
ropsychological performance are consistent with previous
reports that insomnia with short sleep duration is associated
with hypercortisolemia,'*'* increased catecholaminergic activ-
ity,*! and sympathetic activity,*** all of which may lead to neu-
rocognitive deficits. Indeed, diminished sleep-related memory
consolidation in chronic insomniacs has been shown to be as-
sociated with increased cortisol levels during nighttime sleep.*
Given the association between objective short sleep duration
and hypercortisolemia, it is plausible that cortisol is the mediat-
ing pathway of neuropsychological performance deficits.
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In the present population-based study, controls with short
sleep duration showed a significant slowed information pro-
cessing speed as assessed by SDMT scores, but no other dif-
ferences with the control with normal sleep duration group in
terms of neuropsychological measures were revealed. Studies
exploring the psychomotor effects of sleep loss have consistent-
ly shown decreased vigilance and reaction-time performance
and increased objective and subjective sleepiness.’® Although
our group of controls with short sleep duration was free of
subjective EDS, we could not ascertain their degree of objec-
tive daytime sleepiness. However, our findings corroborate the
known effects of sleep loss on neurocognitive performance, i.e.,
slowing in information processing speed.**¢ Furthermore, the
presence of this normal, short sleep duration group allow us to
demonstrate that neuropsychological deficits are associated to
underlying physiologic hyperarousal, a characteristic of chronic
insomnia, rather than to short sleep per se.

The association of depression with insomnia'? and with
neurocognitive deficits'>!'¢ is well established. In our study,
controlling for depression did not significantly diminish the as-
sociation between insomnia and neurocognitive deficits. This
suggests that the two disorders, despite the overlap, have dis-
tinct pathophysiologic mechanisms; their delineation will lead
to more specific treatments.>

The objective sleep duration in this study was based on one
night of polysomnography, which may not be representative of
the subjects’ habitual sleep duration. However, in our previous
studies, the association between objective sleep duration and
hypercortisolemia was based on a 4 consecutive night sleep
laboratory protocol, which should represent better the typical
sleep profile of the subjects.'>!* Future studies should explore
the association between insomnia, sleep duration, and neurop-
sychological performance using multiple night recordings.

The field of sleep disorders medicine has attempted to define
subgroups within insomnia based on etiology, e.g., primary vs.
secondary, age of onset, childhood vs. adult, and discrepancy
between subjective and objective findings.” The data on the as-
sociation of insomnia with neurocognitive deficits, hyperten-
sion,'® and diabetes,'" as well as previous reports on insomnia
and the stress system'*'*4! and the autonomic system,*** pro-
vide the basis for a meaningful subtyping of chronic insomnia
based on objective duration of sleep. One subtype is associ-
ated with physiologic hyperarousal, i.c., short sleep duration,
activation of the stress system, and significant medical seque-
lae (neurocognitive deficits, hypertension, diabetes). The other
subtype is not associated with physiologic hyperarousal, i.c.,
normal sleep duration, normal activity of the stress system, and
lack of significant medical sequelae. These 2 subtypes may re-
spond differentially to treatment approaches; the first subtype
may respond better to medication or other biological treatment,
whereas the second subtype may respond better to psychologi-
cal treatment, such as cognitive-behavioral therapy. The diag-
nostic validity and utility of this subtyping should be tested in
future studies.

In conclusion, chronic insomnia based solely on clinical
criteria did not impact performance on objective neuropsycho-
logical measures, but chronic insomnia in combination with
objective short sleep duration was associated with significant
deficits in neuropsychological performance. Specifically, poor-
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er processing speed and set-switching attention/cognitive flex-
ibility clearly emerged, that suggest deficits in the “executive
control of attention,” a higher-order cognitive function that in-
volves the lateral prefrontal and the anterior cingulate cortices.
Objective measures of sleep duration may serve as clinically
useful predictors of the biological severity of chronic insom-
nia; thus, there is a need for validation of practical, easy to use,
inexpensive methods to measure sleep duration outside of the
sleep laboratory. Finally, insomnia with objective short sleep
duration may represent a phenotype within chronic insomnia
that may respond differentially to treatment.

ACKNOWLEDGEMENTS

This research is in part funded by the National Institutes of
Health grants RO1 51931, RO1 40916, and RO1 64415. The
work was performed at the Sleep Research and Treatment Cen-
ter at the Penn State University Milton Hershey Hospital, and
the staff is especially commended for their efforts. We also
thank Barbara Green for overall preparation of the manuscript.

DISCLOSURE STATEMENT
This was not an industry supported study. The authors have
indicated no financial conflicts of interest.

REFERENCES

1. National Institutes of Health. National Institutes of Health State of the
Science Conference statement on Manifestations and Management of
Chronic Insomnia in Adults, June 13-15, 2005. Sleep 2005;28:1049-57.

2. Basta M, Chrousos GP, Vela-Bueno A, Vgontzas AN. Chronic insomnia
and the stress system. Sleep Med Clin 2007;2:279-91.

3. Fulda S, Schulz H. Cognitive dysfunction in sleep disorders. Sleep Med
Rev 2001;5:423-45.

4. Hauri PJ. Cognitive deficits in insomnia patients. Acta Neurol Belg
1997;97:113-17.

5. Bonnet MH, Arand DL. The consequences of a week of insomnia II: pa-
tients with insomnia. Sleep 1998;21:359-68.

6. Buysse DJ, Ancoli-Israel S, Edinger JD, Lichstein KL, Morin CM. Rec-
ommendations for a standard research assessment of insomnia. Sleep
2006;29:1155-73.

7. Varkevisser M, Kerkhof GA. Chronic insomnia and performance in a
24-h constant routine study. J Sleep Res 2005;14:49-59.

8. Orff HJ, Drummond SP, Nowakowski S, Perlis ML. Discrepancy between
subjective symptomatology and objective neuropsychological perfor-
mance in insomnia. Sleep 2007;30:1205-11.

9. Edinger JD, Means MK, Carney CE, Krystal AD. Psychomotor perfor-
mance deficits and their relation to prior night’s sleep among individuals
with primary insomnia. Sleep 2008;31:599-607.

10. Vgontzas AN, Liao D, Bixler EO, Chrousos GP, Vela-Bueno A. Insomnia
with objective short sleep duration is associated with a high risk for hy-
pertension. Sleep 2009;32:491-97.

11. Vgontzas AN, Liao D, Pejovic S, Calhoun S, Karataraki M, Bixler EO. In-
somnia with objective short sleep duration is associated with type 2 diabe-
tes: a population-based study. Diabetes Care 2009; in press [doi:10.2337/
dc09-0284].

12. Vgontzas AN, Tsigos C, Bixler EO, et al. Chronic insomnia and activity of
the stress system: a preliminary study. J Psychosom Res 1998;45:21-31.

13. Vgontzas AN, Bixler EO, Lin HM, et al. Chronic insomnia is associated
with nyctohemeral activation of the hypothalamic-pituitary-adrenal axis:
clinical implications. J Clin Endocrinol Metab 2001;86:3787-94.

14. Rodenbeck A, Cohrs S, Jordan W, Huether G, Riither E, Hajak G. The
sleep-improving effects of doxepin are paralleled by a normalized
plasma cortisol secretion in primary insomnia. Psychopharmacology
2003;170:423-28.

15. Lupien SJ, Fiocco A, Wan N, et al. Stress hormones and human mem-
ory function across the lifespan. Psychoneuroendocrinology 2005;
30:225-42.

Sleep and Performance—Fernandez-Mendoza et al



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Oei NY, Everaerd WT, Elzinga BM, van Well S, Bermond B. Psycho-

social stress impairs working memory at high loads: an association with
cortisol levels and memory retrieval. Stress 2006;9:133-41.

. Lee BK, Glass TA, McAtee MJ, et al. Associations of salivary cortisol

with cognitive function in the Baltimore memory study. Arch Gen Psy-
chiatry 2007;64:810-18.

. Wang J, Rao H, Wetmore GS, et al. Perfusion functional MRI reveals ce-

rebral blood flow pattern under psychological stress. Proc Natl Acad Sci
U S A.2005;102:17804-9.

. Bixler EO, Vgontzas AN, Ten Have T, Tyson K, Kales A. Effects of age

on sleep apnea in men: I. Prevalence and severity. Am J Respir Crit Care
Med 1998;157:144-48.

Bixler EO, Vgontzas AN, Lin HM, et al. Prevalence of sleep-disordered
breathing in women: effects of gender. Am J Respir Crit Care Med
2001;163:608-13.

Waksberg J. Sampling methods for random digit dialing. ] Am Stat Assoc.
1978;73:40-6.

Kish L. Survey sampling. New York: John Wiley & Sons Inc, 1965.
Rechtschaffen A, Kales A. A manual of standardized terminology, tech-
niques and scoring system for sleep stages of human subjects. Bethesda:
National Institutes of Health publication 204, 1968.

Bixler EO, Vgontzas AN, Lin HM, Vela-Bueno A, Kales A. Insomnia in
central Pennsylvania. J Psychosom Res 2002;53:589-92.

American Academy of Sleep Medicine. The international classification
of sleep disorders (ICSD-2): diagnostic and coding manual. 2nd edition.
Westchester: American Academy of Sleep Medicine, 2005.

Lezak MD, Howieson DB, Loring DW, Hannay HJ, Fischer JS. Neurop-
sychological Assessment, 4th ed. New York: Oxford University Press,
2004.

Strauss E, Sherman EMS, Spreen O. A Compendium of Neuropsycho-
logical Tests: Administration, Norms, and Commentary. 3rd edition. New
York: Oxford University Press, 2006.

Kortte KB, Horner MD, Windham WK. The Trail Making Test, part B:
cognitive flexibility or ability to maintain set? Applied Neuropsychol
2002;9:106-09.

U.S. Department of Health and Human Services (DHHS), National Cen-
ter for Health Statistics. Third National Health and Nutrition Examination
Survey, 1988-1994. NHANES III laboratory data file. Hyattsville, MD,
Centers for Disease Control and Prevention, 1996.

Posner MI, Petersen SE. The attention system of the human brain. Ann
Rev Neurosci 1990;13:25-42.

SLEEP, Vol. 33, No. 4, 2010

465

31.

32.

33.

34.

35.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Shallice T, Burgess PW. Deficits in strategy application following frontal
lobe damage in man. Brain 1991;114:727-41.

Rossi AF, Pessoa L, Desimone R, Ungerleider LG. The prefrontal cortex
and the executive control of attention. Exp Brain Res 2009;192:489-97.
Oosterman JM, van Someren EJ, Vogels RL, Van Harten B, Scherder EJ.
Fragmentation of the rest-activity rhythm correlates with age-related cog-
nitive deficits. J Sleep Res 2009;18:129-35.

Verstraeten E, Cluydts R. Executive control of attention in sleep apnea
patients: theoretical concepts and methodological considerations. Sleep
Med Rev 2004; 8:257-67.

Bonnet MH, Arand DL. Clinical effects of sleep fragmentation versus
sleep deprivation. Sleep Med Rev 2003;7:297-310.

. Durmer JS, Dinges DF. Neurocognitive consequences of sleep depriva-

tion. Semin Neurol 2005;25:117-29.

Altena E, Van Der Werf YD, Strijers RL, Van Someren EJ. Sleep loss af-
fects vigilance: effects of chronic insomnia and sleep therapy. J Sleep Res
2008;17:335-43.

Zakzanis KK, Mraz R, Graham SJ. An fMRI study of the Trail Making
Test. Neuropsychologica 2005;43:1878-86.

Rios-Lago M, Periafiez JA, Rodriguez-Sanchez JM. Neuropsychology of
Attention [Neuropsicologia de la atencion]. In: Tirapu-Ustarroz J, Rios-
Lago M, Maestu-Unturbe F. Handbook of Neuropsychology [Manual de
Neuropsicologia]. Barcelona: Viguera, 2008:149-88.

Altena E, Van Der Werf YD, Sanz-Arigita EJ, et al. Prefrontal hypoactiva-
tion and recovery in insomnia. Sleep 2008;31:1271-76.

Irwin M, Clark C, Kennedy B, Christian Gillin J, Ziegler M. Nocturnal
catecholamines and immune function in insomniacs, depressed patients,
and control subjects. Brain Behav Immun 2003;17:365-72.

Stepanski E, Glinn M, Zorick F, Roehrs T, Roth T. Heart rate changes in
chronic insomnia. Stress Med 1994;10:261-66.

Bonnet MH, Arand DL. 24-hour metabolic rate in insomniacs and matched
normal sleepers. Sleep 1995;18:581-88.

Bonnet MH, Arand DL. Physiological activation in patients with sleep
state misperception. Psychosom Med 1997;59:533-40.

Bonnet MH, Arand DL. Heart rate variability in insomniacs and matched
normal sleepers. Psychosom Med 1998;60:610-15.

Backhaus J, Junghanns K, Born J, Hohaus K, Faasch F, Hohagen F. Im-
paired declarative memory consolidation during sleep in patients with
primary insomnia: influence of sleep architecture and nocturnal cortisol
release. Biol Psychiatry 2006;60:1324-30.

Sleep and Performance—Fernandez-Mendoza et al



