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EXPERIMENTAL ACUTE SLEEP DEPRIVATION INDUCES 
COGNITIVE DEFICITS, PARTICULARLY IN TASKS THAT 
RELY ON THE INTEGRITY OF THE PREFRONTAL CORTI-
CAL system.1 An example of such a prefrontally dependent task 
is the verbal fluency task.2,3 Performance on this task is known to 
be affected by experimental sleep deprivation.4 A naturalistic form 
of chronically disturbed sleep is primary insomnia, occurring in a 
large proportion of the population and increasingly so with aging.5 
Insomnia can be treated with non-pharmacological therapy, which 
has proved its long-term effectiveness on sleep measures and day-
time functioning in numerous previous studies.6,7 Sleep restriction 
and multifaceted cognitive-behavior therapy have been reported 
to be particularly effective for treating insomnia in the elderly.8

Cognitive dysfunction in insomnia has been suggested, but few 
behavioral studies found abnormal performance in this condition, 
and no patterns of consistent results have emerged across stud-
ies.9 A possible reason for this inconsistency is that two opposing 
factors could result in masking of performance differences be-
tween insomniacs and well-sleeping participants: the high level 
of perfectionism and arousal that characterizes insomnia may 

mask performance decreases due to poor sleep.10,11 As a result, 
the net performance could become indistinguishable from that 
of well-sleeping controls. Cognitive neuroimaging studies could 
instead be used to elucidate alterations in cognitive processes that 
might not readily emerge in behavioral performance measures. 
These have, up till now, not been reported in insomnia.

We therefore undertook a functional imaging study to test the 
hypothesis that chronic insomnia would interfere with prefron-
tal activation during verbal fluency, and to investigate whether 
this possible interference would be reversible upon successful 
sleep therapy.

METHODS AND MATERIALS

All procedures complied with the declaration of Helsinki and 
medical ethical approval was obtained from the medical ethical 
committee of the VU University medical center. Informed con-
sent was obtained from all participants.

Participants

The data for 21 chronic insomnia patients, off medication 
for at least two months, and 12 healthy, age, sex, and education 
matched controls are reported (see Table 1 for details). Of the 
25 insomnia patients and 14 healthy controls initially included, 
scans of 3 patients could not be analyzed due to technical fail-
ure. Moreover, one patient and one control found their native 
non-Dutch language to interfere with word generation in Dutch 
and one control participant proved to have a right-lateralized lan-
guage dominance and was therefore excluded from analysis.
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Insomnia patients were randomly assigned to a sleep therapy 
group, receiving 6 weeks of sleep therapy between 2 measure-
ment sessions, and a wait list group. One patient participating in 
the baseline session did not participate in the session after sleep 
therapy due to personal circumstances. Consequently, the time-
by-treatment group analyses were restricted to 10 participants 
in the sleep therapy group and 10 participants in the wait list 
group. For ethical reasons, we offered sleep therapy to the wait 
list group after completion of the experiment.

Chronic insomnia, lasting for at least 2.5 years, was diag-
nosed according to established qualitative and quantitative 
criteria.12-14 Sleep-related exclusion criteria were sleep apnea 
syndrome and severe restless legs or periodic leg movement 
syndrome (measured on intake polysomnography [PSG]). A 
clinical interview by a specialized neurologist and a standard-
ized screening were administered to determine other factors for 
exclusion such as a somatic disorder that might affect sleep and 
use of sedative medication. Matching of insomniacs and con-
trols was furthermore evaluated using (1) the Mini Mental State 
Examination (MMSE)15 to screen for dementia-related cogni-
tive impairments; (2) the Dutch Adult Reading Test (DART)16-18 
and the (3) Groninger Intelligentie Test (GIT)19 to match groups 
for levels of intellectual functioning (see table 1); (4) the geri-
atric depression scale (GDS)20 to determine the presence and 
severity of depressive symptoms; (5) the symptoms check list 
for psychological problems and psychopathology (SCL-90)21 to 
determine the presence and severity of psychological problems 
and (6) the Short Form-36 health survey (SF-36)22 to determine 
quality of life (see Table 2). No differences between insomniacs 
and controls were present on the MMSE, DART, GIT or GDS 
(all P > 0.12). Insomniacs also did not differ on any but the 
sleep related subscales of the SCL-90 (t-tests: subscale Sleep 
P = 0.000, all other subscales P > 0.08) and the SF-36 (sleep-
related subscale Vitality P = 0.03; all other subscales P > 0.17).

Functional imaging

Imaging was performed with a 1.5T MRI scanner (Magnetom 
Sonata, Siemens, Erlangen, Germany) using a standard circularly 
polarized head coil with foam padding to restrict head motion. 
A high-resolution T1-weighted magnetization prepared rapid ac-

quisition (MPRAGE; TR = 27 ms; TE = 3.97 ms; flip angle = 8°; 
160 coronal slices, 1 × 1 × 1.5 mm voxels) MRI was collected for 
anatomic co-registration with the fMRI data set. For the function-
al scans, the T2*-weighted echo planar images (EPI) sequence 
acquisition parameters were TR = 3.5 sec, TE = 60 msec, flip 
angle = 90°, scanning 35 slices with 3-mm isotropic voxels and 
an interslice gap of 20%. The functional data were convolved with 

Table 1—Age, Sex, Cognitive Status and Intellectual Functioning 
Scores for Both Groups of Participants

	 control	 insomnia
	 mean ± sd	 mean ± sd	 P
N	 12	 21
M/F	 3/9	 4/17
age	 60 ± 8.2	 61 ± 6.2	 0.82
MMSE	 29 ± 1.2	 29 ± 1.3	 0.75
DART	 105 ± 10.3	 111 ± 10.3	 0.12
GIT	 120 ± 15.5	 124 ± 12.1	 0.42

N = number of participants; M/F = male/female; MMSE = Mini 
Mental State Examination, with scores of 26-30 indicating absence 
of dementia.15 Scores on the Dutch Adult Reading Test (DART)16-

18 and the Groninger Intelligence Test (GIT)19 are expressed in an 
IQ-score and are indicative of general intellectual functioning. The 
rightmost column shows P-values according to unpaired t-tests.

Table 2—Groups Only Differ on Sleep Related (Sub)Scales of 
Sleep and Health Questionnaires

		  control	 insomnia
		  mean ± sd	 mean ± sd	 P
PSQI	 4.2 ± 3.0	 12.1 ± 3.1	 0.00
SDQ
	 insomnia	 1.8 ± 0.5	 3.3 ± 0.3	 0.00
	 PLMS/RL	 1.5 ± 0.5	 1.2 ± 0.3	 0.13
	 EDS	 1.6 ± 0.5	 1.8 ± 0.7	 0.39
	 narcolepsy	 1.3 ± 0.3	 1.1 ± 0.2	 0.09
	 apnea	 1.8 ± 0.6	 1.6 ± 0.5	 0.43
	 psychiatry	 1.7 ± 0.4	 2.0 ± 0.5	 0.12
SCL-90
	 anx	 12.3 ± 2.5	 12.9 ± 3.4	 0.54
	 ago	 7.3 ± 0.9	 7.9 ± 1.6	 0.14
	 dep	 20.3 ± 5.4	 22.0 ± 6.5	 0.43
	 som	 15.5 ± 2.3	 17.6 ± 4.3	 0.08
	 inad	 13.5 ± 3.3	 14.6 ± 3.8	 0.40
	 sen	 23.3 ± 7.8	 25.3 ± 7.3	 0.49
	 hos	 6.8 ± 0.9	 7.5 ± 2.6	 0.34
	 sle	 4.0 ± 1.3	 10.2 ± 2.5	 0.00
	 oth	 10.5 ± 1.5	 11.1 ± 2.5	 0.40
	 total	 113.4 ± 19.5	 129.0 ± 25.4	 0.06
SF-36
	 PF	 92.1 ± 8.6	 90.6 ± 10.1	 0.66
	 RP	 95.0 ± 15.8	 86.1 ± 27.4	 0.29
	 BP	 83.0 ± 13.6	 74.8 ± 16.3	 0.17
	 GH	 71.1 ± 25.0	 76.9 ± 11.5	 0.46
	 VI	 76.4 ± 12.1	 64.4 ± 15.9	 0.03
	 SF	 90.9 ± 13.8	 82.6 ± 18.3	 0.18
	 RE	 90.0 ± 22.5	 88.9 ± 22.9	 0.90
	 MH	 80.7 ± 10.2	 79.9 ± 13.6	 0.85
GDS	 5.2 ± 6.0	 5.0 ± 4.2	 0.93

Insomnia patients (n=21) compared to control patients (n=12). 
Insomnia was diagnosed on the basis of the Pittsburgh Sleep 
Questionnaire index (PSQI)23 and the Sleep Diagnosis Question-
naire (SDQ),24,25 which include subscales for rates of insomnia, 
(periodic) leg movements (PLMS/RL), excessive daytime sleepi-
ness (EDS), narcolepsy, apnea and psychiatric symptoms (psy-
chiatry) (see text for details on scores). Subscale and total scores 
of the Symptoms Check List (SCL-90),21 measuring psychiatric 
symptoms such as anxiety (anx), agoraphobia (ago), depression 
(dep), somatic complaints (som), feelings of inadequacy (inad), 
sensitivity to critics (sen), hostility (hos), sleeping problems (sle) 
and other (oth). For the Short Form-36 health survey (SF-36,)22 
measuring quality of life, subscores for physical functioning (PF), 
how physical functioning limits social interaction (RP), bodily 
pain (BP), general health (GH), vitality (VI), social functioning 
(SF), how emotional functioning limits social interaction (RE) 
and general mental health (MH) are included. The Geriatric De-
pression Scale (GDS)20 shows depression scores for both groups. 
The rightmost column shows P-values according to unpaired t-
tests; significant differences are indicated in bold.
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a double-gamma hemodynamic response function, after motion 
correction and preprocessing using FSL software (FEAT analysis, 
FSL 3.3, FMRIB’s Software Library, www.fmrib.ox.ac.uk/fsl). 
Activation patterns during letter and category fluency were con-
trasted separately against a baseline task of counting backwards 
(for a detailed description of the task, see below). Results were 
transformed to standard stereotactic space using a linear warping 
procedure in a 2-step fashion: EPI scans were registered to the 
high-resolution T1 scan and subsequently to the MNI template 
(MNI-152 average brain). A higher-level analysis was then per-
formed, using a mixed-effects model. Main effects of task in both 
the patient and control groups were considered significant at z > 
2.3, cluster-corrected. The analysis of the group-effect (insomnia, 
n = 21 vs. controls, n = 12) was restricted to the areas significantly 
activated by each task in the main effects across all patients and 
control subjects and results were considered significant at z > 3.1, 
uncorrected. The treatment effect (pre versus post for the therapy 
and waitlist groups) was evaluated within the region that showed 
reduced activation in the patient group in the group-effect analy-
sis, using an uncorrected threshold of z > 2.3, in order to maxi-
mize sensitivity to small changes within the affected areas.

Task and Procedure

The letter and category fluency tasks were both administered 
within the same blocked design. Three letter fluency blocks and 3 
category fluency blocks, of 30 sec each, alternated with 7 blocks 
of a baseline task (counting backwards) of 15 sec each. During 
the fluency blocks, participants were asked to press a button for 
every covertly generated word either belonging to the category 
or starting with the letter shown on the screen. Participants were 
informed about the task instructions before going into the scanner 
and examples of each of both tasks not used in the administered 
tasks, were given. No names (e.g., cities, persons) and no con-
secutive words starting with the same preposition (e.g., “conflict,” 
“contact”) were allowed as responses. During the baseline task, 
participants pressed a button for every number counted backwards. 
Performance was measured as the total number of button presses.

Parallel versions were designed for both the letter and category 
fluency tasks. One version contained the letters K, O, and M with 
the categories “animals,” “tools,” and “professions”; the other 
D, A, and T with “clothes,” “vegetables/fruit,” and “herbs.” The 
order of administration of the parallel versions was counterbal-
anced across both testing sessions. All measurements were per-
formed within a fixed time window between 17:00 and 20:30.

Sleep Therapy

Therapy consisted of 6 weeks of intensive nonpharmaco-
logical sleep therapy combining sleep restriction, multifaceted 
cognitive-behavior therapy,6 morning and late afternoon bright 
light exposure, and body temperature manipulations. After the 
intake interview, a “treatment contract” was established. Week-
ly follow-ups by telephone were administered to confirm or ad-
just the treatment on the basis of patients’ reports.

Sleep hygiene advice and cognitive behavioral therapy were 
given according to established procedures.8,26 For the sleep restric-
tion component, participants were initially allowed to be in bed for 
no more than the total sleep time at intake PSG, with a minimum 

of 6 h. A time frame was set in agreement with the participant 
to approach his or her preferred sleep period closely (e.g., from 
23:30 to 05:30). As soon as the sleep efficiency within this limited 
time window reached ≥ 90% (according to the participant’s sub-
jective experience), the allowed time in bed was increased by half 
an hour; this procedure was repeated if 90% was reached again.

For the bright light component, a light box (Zeus-Max, 
Outside In, UK; or dedicated comparable fixture from Philips 
Lighting, The Netherlands) was suspended from the ceiling 
above the dining table at a 45° angle, resulting in light inten-
sity >10 kLux measured at eye level in gaze direction. This 
approach allowed participants to engage in normal activities, 
such as having breakfast or dinner or reading a newspaper. In 
agreement with the participant, 2 fixed half-hour time windows 
were chosen: the first as soon as possible after getting up in the 
morning and the second around evening dinner time.

Body temperature manipulations were applied by asking the 
participant, on alternating days, to either exercise vigorously or 
take a hot bath (39°C) for half an hour, finishing 2 hours before 
desired bedtime. These treatments, including the 2-h interval, 
aimed at optimizing heat dissipation to induce sleep: a normal-
ized core temperature in combination with the after-effect of 
increased skin temperature promotes sleep onset.27,28

The effectiveness of the therapy was evaluated using sleep 
diaries in all 10 patients receiving therapy. One week prior to the 
treatment and one week in the end of the treatment or wait list 
period, participants kept a diary of lights-off and wake-up times, 
subjective sleep latency, and subjective duration of nocturnal 
wakefulness. Sleep latency and sleep efficiency were regarded as 
the 2 primary treatment outcome measures of interest. The num-
ber of entries per subject and per measurement occasion varied 
due to postal delays in sending out and receiving the diaries, holi-
days, omissions, etc. On average, 6.2 ± 1.7 nights per assessment 
occasion per subject were available for analysis.

Statistical Analyses of Sleep and Performance Data

Subjective sleep data were analyzed using linear mixed-ef-
fects regression modeling (MLwiN software package version 
2.0, Centre for Multilevel Modelling, Institute of Education, 
London, UK). This approach takes the hierarchical nature of the 
data into account; e.g., sleep was assessed from a variable num-
ber of diary entries (level 1) on 2 occasions (level 2, pre and post 
therapy or wait list) for each patient (level 3). Data were ana-
lyzed with full factorial models, i.e. a 2-level within-subject fac-
tor time (pre and post), a 2-level between-subject factor group 
(therapy or wait list) and their interaction as the major focus of 
interest. The same approach was taken for comparisons of task 
performance data between patients and controls and, within pa-
tients, to evaluate treatment-by-time interaction effects.

RESULTS

Behavioral Results

Sleep

Subjective sleep latency decreased by 25.1 ± 6.5 minutes af-
ter therapy versus an increase of 2.6 ± 7.1 minutes after the wait 
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sured that all subjects had complied with the task instructions, 
as the difference between the 2 types of fluency are compatible 
with those reported in the literature.29 Separate regression mod-
els for the 2 fluency tasks showed that sleep therapy appeared 
to improve performance specifically on the more demanding 
letter version, relative to the wait list group. The therapy group 
generated 38.0 ± 11.7 words on the letter fluency task before 
treatment, which increased to 47±13.1 words after treatment. 
In comparison, the wait list group generated 39.4 ± 5.1 words 
before and 42.9 ± 8.8 words after the 6 week interval on the 
letter fluency task, leading to a near-significant treatment by 
time interaction (P = 0.064). On the category fluency task, the 
therapy group generated 44.4 ± 12.9 words before and 49.7 ± 
8.0 words after treatment while the wait list group produced 
45.9 ± 9.3 words before and 47.9 ± 4.8 words after the 6-week 
interval, leading to a nonsignificant treatment by time interac-
tion (P = 0.342).

Neuroimaging Results

For the baseline group comparisons, the initial measurements 
of 21 insomniacs and 12 controls were included in the analysis. 
Because one of the insomniacs did not participate on the post-
treatment assessment, the within-subject pre- vs. post-therapy 
analyses were based on 10 insomniacs in the active treatment 
condition and 10 insomniacs in the wait list condition. Whole-
brain analysis of the functional activation data across all par-
ticipants at their baseline assessment showed the characteristic 
fluency-specific activation of clusters of brain regions, includ-
ing occipital, medial temporal, inferior frontal, dorsal lateral 
prefrontal, and anterior cingulate cortices (Figure 1 a and b and 
Table 3 and 4).

Within this network defined as a region-of-interest, insomnia 
patients showed less activation than controls in the left medial 
prefrontal cortex (mPFC) and left inferior frontal gyrus (IFG) 
for both letter fluency (mPFC Z = 3.73; IFG Z = 4.17, Figure 
1 c and Table 5) and category fluency (mPFC Z = 4.18; IFG Z 
= 3.3, Figure 1d and Table 6). The reverse contrast revealed no 
areas that were significantly activated more by patients than by 
controls.

Within the affected areas defined as a second region-of-inter-
est, therapy—but not wait list control—partly restored the letter 
fluency activation in 2 regions in the IFG (voxel of maximum 
activation at x = −44, y = 40, z = −2, Z-value = 2.70, and voxel of 
maximum activation at x = −40, y = 56, z = −12, Z-value = 2.92) 
but not in the mPFC. Therapy also partly restored the category 
fluency activation in the mPFC (voxel of maximum activation at 
x = −14, y = 50, z = 34, Z-value = 2.84) but not in the IFG. This 
task-specific recovery corresponds with the relative preference of 
area activation for the 2 tasks, suggestive of restoration of com-
promised activation (Figure 1 a and b and Tables 3 and 4).

DISCUSSION

The present findings are the first to demonstrate that verbal 
fluency-related prefrontal brain activation is compromised in 
insomnia in the absence of a behavioral deficit.

The set of behavioral and activation results is compatible with 
our hypothesis that the behavioral performance level of insom-

list period, resulting in a highly significant group by time inter-
action effect (P = 0.004). Subjective sleep efficiency increased 
by 14.5% ± 2.6% after therapy, versus an increase of 0.7% ± 
2.4% after the wait list period, resulting in a highly significant 
group by time interaction (P < 0.001).

Fluency

Insomniacs did not show any pre-treatment performance def-
icit in fluency as compared to controls; in fact, insomniacs pro-
duced more words regardless of task version. On the category 
fluency task, insomnia patients generated 46.4 ± 9.5 (average ± 
standard deviations) words and controls 38.7 ± 5.8 words (P = 
0.008) while on the letter fluency task, insomnia patients gen-
erated 40.1 ± 10.2 words and control subjects generated 32.7 
± 10.4 words (P = 0.038). Category fluency resulted in a sig-
nificantly higher number of responses than letter fluency for in-
somniacs and healthy control subjects alike (P = 0.034); this en-

Figure 1—BOLD effects for insomnia patients and controls on 
2 verbal fluency tasks (FEAT analysis, FSL software (FMRIB, 
Oxford, UK)) A and B: Task-related activation. Both letter and 
category fluency tasks activate left inferior frontal gyrus, medial 
prefrontal, visual, and medial temporal cortex across all insomnia 
patients and control participants. Note the higher intensity in the 
left inferior frontal gyrus for the letter fluency task (z-threshold 
2.3, cluster threshold P = 0.05). C and D: Patients show reduced 
activation. Lower activation in the left inferior frontal gyrus and 
medial prefrontal cortex in both tasks for insomniacs relative to 
controls (z >3.1, uncorrected). Images are thresholded at Z >2.3 to 
show the extent of the activated clusters. E and F: Task-specific 
recovery upon therapy. Sleep therapy reinstates activation in the 
left inferior frontal gyrus for letter fluency and in the medial pre-
frontal cortex for the category fluency task (indicated by white 
circles). The activation differences shown correspond to a higher 
activation in the post-therapy as compared to pre-therapy within 
the group of treated patients (n =10). For both tasks, treatment ef-
fects were regarded significant at z >2.3, uncorrected.

Prefrontal Hypoactivation and Recovery in Insomnia—Altena et al
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niacs can be regarded as one of high achievers, albeit attenuated 
by chronic suboptimal sleep. The careful selection in the present 

study of a considerable group of elderly insomnia patients, suffer-
ing from chronic primary insomnia only, excludes the possibility 
of ascribing the task-related prefrontal hypoactivation to other 
comorbid or primary disorders such as depression or OSAS.

Recovery after sleep therapy suggests that at least this part of 
brain function alterations in insomniacs is reversible. This fur-
ther confirms the efficacy of this easily applicable and low-cost 
intervention and encourages its application in clinical practice, 
also in the elderly.

Prefrontal hypoactivation in the absence of behavioral dif-
ferences may be related to individually differential recruitment 
of other brain regions for successful task completion. A similar 
lack of prefrontal activation in spite of non-significant changes 
in fluency performance has been reported in a near infrared 
spectroscopy study in depressed patients.30

Because the BOLD MRI signal is not an absolute measure 
of activation, but a measure of the activation during the task 
(here fluency) relative to the activation during a baseline task 
(here counting backwards), the results might equally well be 
interpreted as (1) attenuated activation during fluency relative 
to a normal baseline activation (as suggested in the above) or 
(2) normal activation during fluency relative to an increased 
baseline activation. We have therefore initiated an arterial spin 
labeling study to obtain absolute, rather than relative, mea-

Table 3—Areas Activated During the Letter Fluency Task as Ob-
tained from Baseline Assessments of All Participants (21 Insomnia 
Patients vs. 12 Controls) from Anterior to Posterior Brain Regions

anatomical region	 Z- value	 x	 y	 z
left inferior frontal gyrus
  (BA 44,45)	 6.68	 -46	 38	 2
left inferior frontal gyrus
  (BA 44,45)	 6.56	 -50	 36	 0
left frontal polar cortex
  (BA 10)	 6.61	 -40	 34	 -18
left anterior cingulate cortex
  (BA 24, 32)	 6.07	 -4	 28	 38
left dorsolateral prefrontal
  cortex (BA 9, 46)	 6.61	 -48	 20	 22
left supplementary motor
  area (BA 6)	 6.22	 -44	 14	 14
left parahippocampal region	 4.85	 -30	 -36	 -24
right visual cortex	 5.26	 8	 -66	 4
right visual cortex	 5.58	 8	 -72	 0
left visual cortex	 5.47	 -6	 -72	 6
left visual cortex	 5.47	 -8	 -72	 12
right visual cortex	 5.92	 4	 -84	 10
left visual cortex	 5.34	 -8	 -84	 12

X, y, and z coordinates (in MNI space) refer to the voxel with the 
highest level of activation within the activated cluster of voxels, 
with corresponding Z-value.

Table 4—Areas Activated During the Category Fluency Task as 
Obtained from Baseline Assessments of All Participants (21 In-
somnia Patients vs. 12 Controls) from Anterior to Posterior Brain 
Regions

anatomical region	 Z- value	 x	 y	 z
left inferior frontal gyrus
  (BA 44,45)	 6.42	 -52	 38	 0
left inferior frontal gyrus
  (BA 44,45)	 6.14	 -42	 36	 2
left frontal polar cortex
  (BA 10)	 6.28	 -38	 30	 -18
left anterior cingulate gyrus
  (BA 24, 32)	 6.23	 -2	 28	 36
left dorsolateral prefrontal
  cortex (BA 9, 46)	 5.85	 -48	 20	 20
left dorsolateral prefrontal
  cortex (BA 9, 46)	 5.87	 -44	 18	 22
left hippocampus	 4.11	 -24	 -26	 -20
left parahippocampal region	 5.88	 -28	 -36	 -24
left visual cortex	 6.69	 -14	 -54	 0
left visual cortex	 6.74	 -8	 -68	 10
right visual cortex	 7.16	 12	 -82	 0
right visual cortex	 6.68	 2	 -84	 26
right visual cortex	 7.28	 10	 -86	 2
left visual cortex	 6.70	 -12	 -88	 -6

X, y, and z coordinates (in MNI space) refer to the voxel with the 
highest level of activation within the activated cluster of voxels, 
with corresponding Z-value.

Prefrontal Hypoactivation and Recovery in Insomnia—Altena et al

Table 5—Insomnia Patients Show Less Activation than Controls: 
Letter Fluency Related Brain Activation

anatomical region	 Z-value	 x	 y	 z
left polar frontal cortex (BA 9,10)	 4.20	 -6	 62	 22
left superior frontal gyrus (BA 9)	 3.44	 -4	 56	 34
left inferior frontal gyrus
  (BA 45, 10)	 4.17	 -36	 52	 -12
left superior frontal gyrus (BA 9)	 3.49	 -14	 46	 36
left superior frontal gyrus (BA 9)	 3.73	 -6	 44	 38
left middle frontal gyrus	 3.15	 -40	 24	 44

Brain regions are listed from anterior to posterior. X, y, and z co-
ordinates (in MNI space) refer to the voxel with the highest level 
of activation within the activated cluster of voxels, with corre-
sponding Z-value.

Table 6—Insomnia Patients Show Less Activation than Controls: 
Category Fluency Related Brain Activation

anatomical region	 Z-value	 x	 y	 z
left superior frontal gyrus (BA 10)	 3.66	 -38	 56	 -8
left superior frontal gyrus
  (BA 9-10)	 3.95	 -18	 50	 26
left superior frontal gyrus
  (BA 9-10)	 4.18	 -14	 46	 36
left inferior frontal gyrus (BA 45)	 3.30	 -42	 38	 -2
left middle frontal gyrus	 3.11	 -38	 20	 42
left anterior temporal cortex	 3.21	 -34	 8	 -44

Brain regions are listed from anterior to posterior. X, y, and z co-
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sures of cerebral perfusion in insomnia. Preliminary results, 
in fact, demonstrate a lower baseline daytime perfusion of a 
corresponding left inferior frontal cortical region that shows at-
tenuated activation in the current study (Van Der Werf et al., in 
prep). This finding strongly argues against the second, alterna-
tive interpretation described above.

An additional argument against the second interpretation 
of an increased prefrontal baseline activation in insomnia is 
provided by a recent [18F]Fluorodeoxyglucose positron emis-
sion tomography (PET) study31: although insomniacs showed 
a global increase in cerebral glucose metabolism, the relative 
regional glucose metabolism in the prefrontal areas was de-
creased relative to controls.

In conclusion, the current results show, for the first time, that 
fMRI can reveal prefrontal hypoactivation in a group of care-
fully selected elderly patients suffering from primary chronic in-
somnia only. We furthermore revealed recovery of this prefron-
tal hypocactivation after nonpharmacological sleep therapy.
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