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Study Objectives: To investigate differences in cortical thickness in narcolepsy patients with cataplexy and control subjects.

Design: Cortical thickness was measured using a 3-D surface-based method that enables more accurate measurement in deep sulci and localized
regional mapping.

Setting: University hospital.

Patients and Participants: We enrolled 28 patients with narcolepsy and cataplexy and 33 age-and sex-matched control subjects.

Interventions: Cortical thickness was measured using a direct method for calculating the distance between corresponding vertices from inner and
outer cortical surfaces.

Measurements and Results: We normalized cortical surfaces using 2-D surface registration and performed diffusion smoothing to reduce the
variability of folding patterns and to increase the power of the statistical analysis. Localized cortical thinning in narcolepsy patients with cataplexy
was found in orbitofrontal gyri, dorsolateral and medial prefrontal cortexes, insula, cingulate gyri, middle and inferior temporal gyri, and inferior
parietal lobule of the right and left hemispheres at the level of a false discovery rate P < 0.05. No significant local increases in cortical thickness
were observed in narcolepsy patients. A significant negative correlation was observed between the narcolepsy patients’ scores on the Epworth
Sleepiness Scale and the cortical thickness of the left supramarginal gyrus.

Conclusions: Cortical thinning in narcolepsy patients with cataplexy in localized anatomic brain regions may serve as a possible neuroanatomic

mechanism of the disturbances in attention, memory, emotion, and sleepiness.

Keywords: Narcolepsy, cataplexy, MR, cortical thickness

Citation: Joo EY; Jeon S; Lee M; Kim ST; Yoon U; Koo DL; Lee JM; Hong SB. Analysis of cortical thickness in narcolepsy patients with cataplexy.

SLEEP 2011;34(10):1357-1364.

INTRODUCTION

Narcolepsy is characterized by excessive daytime sleepiness
(EDS), disruptions of sleep-wake behavior, cataplexies (sud-
den losses of muscle tone provoked by emotional stimuli), and
other rapid eye movement (REM) sleep phenomena, such as
sleep paralysis and hypnagogic hallucinations.'

Numerous neuroimaging studies have been performed to
characterize the pathophysiology of narcolepsy. Previously,
we performed functional imaging studies using '*F-fluoro-
deoxyglucose (FDG) positron emission tomography (PET)?
and *"Tc-ethyl-cysteinate dimer single-photon emission
computed tomography (SPECT)® methods in patients with
narcolepsy to better characterize their brain functioning. The
results revealed dysfunction of the hypothalamus-thalamus-
orbitofrontal pathway, the orbitofrontal cortex, and the infe-
rior parietal lobule.??

In the field of brain magnetic resonance imaging (MRI),
voxel-based morphometry (VBM) studies in patients with
narcolepsy have produced controversial results. One dis-
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tinct VBM study showed reduced gray matter concentrations
(GMCs) in the hypothalamus and nucleus accumbens,* but a
subsequent study failed to find any changes in GMCs in the
hypothalamus.® Another study found GMC reductions in the
bilateral inferior temporal and frontal regions.® Recently, we
reported that narcolepsy patients with cataplexy showed re-
duced GMCs in the hypothalamus, nucleus accumbens, and
thalamus bilaterally.” However, the VBM methods can be
inaccurate in representing gray matter morphology, and lo-
calization in the sulcal regions where the fine details of the
anatomy are often obscured by a partial volume effect. Mea-
suring cortical thickness using the cortical surface has been
suggested in studies of gray matter morphometry as a strategy
for overcoming the limitation of volumetric analyses.®’ A cor-
tical-thickness analysis performed at the nodes of a 3-dimen-
sional (3-D) polygonal mesh has the advantage of providing
a direct quantitative index of cortical morphology.!® In con-
trast with GMC or gray matter volumetric analyses, cortical
thickness measured from the cortical surfaces differentiates
between cortexes of opposing sulcal walls within the same
sulcal bed, enabling more precise measurement in deep sulci
and analysis of the morphology as a cortical sheet.'

To the best of our knowledge, there have been no studies
of cortical thickness in the field of narcolepsy. The aim of this
study was to investigate the differences in cortical thickness be-
tween narcolepsy patients with cataplexy and healthy control
subjects using an advanced surface-based method that allows
for more precise thickness measurements of the complex cere-
bral cortical structure and localized regional mapping.
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METHODS

Patients and Control Subjects

We consecutively recruited 32 drug-naive narcolepsy pa-
tients with cataplexy who had no history of taking central
nervous system stimulant or cataplexy medication when they
visited the sleep center of the university hospital. The diagnosis
of narcolepsy with cataplexy was made according to the revised
International Classification of Sleep Disorders.!" The presence
of cataplexy was determined according to the following crite-
ria suggested by Mignot et al.'*: (a) loss of muscle tone, which
has a visible effect or involves other muscle groups in addition
to the leg muscles; (b) cataplexy occurring more than once a
month; (c) the duration of cataplexy is often or always less than
10 minutes; and (d) cataplexy is often or always associated with
a normal state of consciousness.

A standard polysomnographic study comprising 1 over-
night recording followed by Multiple Sleep Latency Test
(MSLT) was also performed. The MSLT consisted of 5 naps
scheduled at 2-hour intervals starting around 09:00. Patients
were invited to lie down on a bed in a dark sound-proofed
room and were instructed to try to fall asleep. Sleep latency
was defined as the time that elapsed from the start of the test
(lights out) to the first 30-second epoch scored as sleep. Each
sleep latency test was ended 20 minutes after the onset of
sleep or after 20 minutes of wakefulness. A sleep-onset rapid
eye movement (REM) period (SOREMP) was defined as 1
or more epochs of rapid eye movement (REM) sleep occur-
ring within 15 minutes of the first 30-second epoch that was
scored as sleep.

Subjects with a mean sleep latency of 8 minutes or less and
2 or more SOREMPs on the MSLT were evaluated for hu-
man leukocyte antigen (HLA)-DQB1*0602 and DRB1*1501,
which are the best genetic predictors of narcolepsy in hu-
mans.'*!" Other information—including the presence of sleep
attacks, hypnagogic hallucinations, and sleep paralysis, as
well as a positive family history of narcolepsy—was obtained
from the patients and their families. Four of the patients were
excluded because 3 had concomitant mild to moderate ob-
structive sleep apnea-hypopnea syndrome and 1 patient had
negative HLA typing. Finally, 28 patients with narcolepsy
with cataplexy were included in the study.

Thirty-three control subjects from a local community were
recruited through an advertisement. Each candidate had a de-
tailed clinical interview, a sleep questionnaire, and an overnight
polysomnogram, and the results were evaluated and interpreted
by 2 sleep medicine specialists (Joo EY, Hong SB). If a control
subject had an apnea-hypopnea index of 5 or greater or had
evidence for having another sleep disorder, such as periodic
limb movement disorder, on polysomnography, he or she was
excluded from further participation.

Control subjects, as well as patients with narcolepsy, were
excluded if they exhibited any of the following: (a) mean daily
sleep time less than 7 hours, (b) abnormal sleep-wake rhythms,
(c) other sleep disorders, (d) heart or respiratory disease, ()
history of cerebrovascular disease, (f) other neurologic or psy-
chiatric diseases, (g) alcohol or illicit drug abuse or current in-
take of psychoactive medications, and (h) a structural lesion
on brain MRIL.

SLEEP, Vol. 34, No. 10, 2011

1358

All narcolepsy patients and control subjects gave writ-
ten informed consent before the study. The Institutional
Review Board at Samsung Medical Center authorized the in-
formed consent form and the study protocol, which included
an MRI scan.

HLA Typing

The HLA plays a key role in the etiology of autoimmune
disease. As one component of the trimolecular complex (major
histocompatibility complex—peptide—T-cell receptor), the pres-
ence of specific HLA alleles determines the repertoire of pep-
tide epitopes that can be present, restricting the specificity of
reactive T cells.” The HLA class II region genes, DQB1*0602
and DRB1*1501, are the best genetic predictors of narcolepsy
in humans.'*'

Sequence-specific primers and a BigDye Terminator v.
3.1 cycle Sequencing Kit (Applied Biosystems, Foster City,
CA) were used for HLA-DQB1*0602 and DRB1*1501 ge-
notyping according to the manufacturer’s instructions (Ap-
plied Biosystems, USA).

Emotional Tests

To examine the emotional state of the patients with nar-
colepsy and control subjects, the Beck Depression Inventory
(BDI) was administered on the day of the sleep study. The BDI
consists of 21 items, falling within 4 factors: cognitive, affec-
tive, motivational, and somatic. We used the BDI scores from 2
subscales: general depressive symptoms and somatic symptoms
subscale (impaired sleep, somatic symptoms, fatigue, loss of
appetite, weight loss, loss of libido)."

Brain MRI Acquisition

MRI scanning was performed using a Signa 1.5 Tesla scan-
ner (GE Medical Systems, Milwaukee, WI). T1-weighted
spoiled gradient-recalled coronal images were obtained using
the following scanning variables: 1.6 mm thickness, no gap,
124 slices, repetition time/echo time (TR/TE) = 30/7 msec, flip
angle (FA) = 45°, number of excitations (NEX) = 1, matrix =
256 x 256, and field of view (FOV) = 22 x 22 cm. The inves-
tigators performing the MRI were blinded to the status of sub-
jects (patients vs control subjects).

Cortical Surface Extraction and Measurement
of Cortical Thickness

All T1-weighted MR images were submitted to the CIVET
pipeline developed by the Montreal Neurological Institute
(MNI) for measurement of cortical thickness. An overview
of the processing pipeline is described in Figure 1. First, in-
tensity and nonuniformity artifacts were corrected using N3
algorithms.'® Non-brain tissues were removed using a BET
algorithm, and brain images were registered into ICBM-152
stereotaxic space using affine linear transformation. After the
normalization, brain images were segmented into gray matter,
white matter, cerebrospinal fluid, and background using an arti-
ficial neural network-based method.'”'®

The white matter surfaces for each hemisphere were ex-
tracted using the deformable model, which started with a rela-
tively small number of polyhedral shape vertexes. Over the
iterations, vertexes were increased by a subdividing method
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until the surfaces had a relatively high
resolution, which consisted of 81,920
polygons of discrete triangular ele-
ments. Then, the gray matter surfaces
were extracted using a constrained La-

placian-based automated segmentation
with proximities (CLASP) algorithm,"
which expanded the boundary between
gray matter and cerebrospinal fluid
along the Laplacian map. The CLASP
algorithm was validated by compar-
ing the results with the simulated®® and
manually drawn data.’

The extracted white matter and gray
matter surfaces were normalized and
interpolated for corresponding vertexes
between individual subjects using sur-
face-based registration.”’ Finally, sur-
faces were inversely transformed back
into the native space and the cortical
thickness was calculated using the t-link
method, which measured the Euclidean
distances between the corresponding ver-
texes of the gray matter and white matter
surfaces.?

Statistical Analysis

The measured cortical thicknesses
were smoothed using the surface-based
diffusion smoothing method?' with 20-
mm full-width half-maximum kernels.
Previous studies have shown that the 20-
mm kernel size could bring out the maxi-
mal statistical power while minimizing
the false positive errors.?

The statistical analysis was per-
formed using Surfstat toolbox** and
SPSS 16.0 (Chicago, IL). To estimate

Figure 1—An outline of the cortical thickness measurement pipeline. (A) Data are registered into MNI
(Montreal Neurological Institute)152 stereotaxic space after nonuniformity artifact correction. (B) Data
are classified into 3 tissues (white matter, gray matter, or cerebrospinal fluid) and background. (C)
Inner-brain mask for 3-D surface deformable model. (D) Reconstructed white matter surface. (E) The
gray matter surface, which is expanded out from the white matter surface by a Laplacian map. (F)
The cortical thickness was measured by the t-link method between corresponding vertexes of the
gray matter and white matter surface. Thickness was smoothed using 20-mm surface-based kernels,
mapped on a common template.

the neuroanatomic alterations between

patients with narcolepsy and control subjects, we used a
general linear model that controlled for age, sex, and intra-
cranial volume (ICV) at each vertex and mean cortical thick-
ness respectively.'” The multiple-comparisons problem was
corrected for by the false discovery rate (FDR, P < 0.05,
2-tailed). Both hemispheres were tested together according
to the equation,

Y~b, +b,Group +b,Age + b Sex +b,ICV + ¢

where Y is the cortical thickness, b is the Y intercept, b, , are
the regression coefficients, and ¢ is the residual error.

For the analysis of the correlation of cortical thickness
and the clinical scores, only the patients with narcolepsy
were selected to avoid confounding the clinical state. Cor-
tical thickness was regressed against the clinical scores at
each vertex using age, sex, and ICV as covariance param-
eters. To explore significant clusters, a permutation test was
performed (uncorrected P < 0.001)* according to the follow-
ing equation,
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Y~b, + b ,CognitiveScore +b,Age + b.Sex + b ICV + ¢

where Y is the cortical thickness, b is the Y intercept, b, , are
the regression coefficients, and ¢ is the residual error.

RESULTS

Clinical Characteristics

All subjects were right-handed. The age of onset for EDS
in patients was 16.5 + 5.9 years (range, 6.2-32.5 y) and that of
cataplexy was 21.6 + 6.0 years (range, 12-37.2 y). The mean
duration of EDS was 11.0 + 6.9 years and that of cataplexy
was 6.3 + 5.4 years in patients. Twenty-one patients (76%) had
hypnagogic or hypnapompic hallucinations, and 18 patients
(67%) had a history of sleep paralysis. The mean Epworth
Sleepiness Scale score was 16.7 = 5.9 in patients versus 4.3
+ 1.3 in control subjects (t test, P < 0.01). All patients showed
positive HLA typing (DR2 and DQB1*0602). Further charac-
teristics and the sleep-study findings in all subjects are sum-
marized in Table 1 (control subjects underwent only overnight

Cortical Thickness Changes in Narcoleptic Brains—Joo et al

220z Aenuep || uo sasn Aysianiun BueAueH Aq 649%S12//GEL/0L/YE/a101ME/do8|S/W09 dNo-djWwapeoe//:sdy Wwol) papeojumoq



Table 1—Sleep study findings in patients with narcolepsy and control subjects

Patients with arcolepsy Control subjects

lateral (superior/middle/inferior) frontal
gyri, the right medial frontal gyrus, the left
dorsolateral (middle/inferior) frontal gyri,
the right cingulate gyrus, the right and left
insular cortexes, the right middle and in-
ferior temporal gyri, the left posterior pa-
rietal lobule, the right precuneus, and the
left middle occipital gyrus at the level of
a FDR P < 0.05 (see Table 2, Figure 3).
There were no brain regions that showed
increased cortical thickness in patients.

Mean REM sleep latency, mn ~ 3.8+2.9 (0.2-10.7)

?Independent t test, P < 0.05.

(n=28) (n=33) P value

Men:women, no. 10:18 15:18 0.441
Age,y 269+79 (19-44) 30.1 £ 11.1 (20-44) 0.212
Overnight polysomnography

Sleep latency, min 41142 (0-21) 128+15 (10-15)  <0.0012

REM sleep latency, min 49.1 £ 55.6 (0-203) 95.5 + 14.3 (75-149) 0.015

AHI, no. of events/h 20+21 (0-7.3) 37120 (0-6.5) 0.546

Al, no. of events/h 154+63 (52-321) 156+£52 (5.2-28.0) 0.630
Multiple Sleep Latency Test

Mean sleep latency, min 24+19 (0.2-5.6)

SOREMP, no. 38+1.2 (2-9)

Data are presented as mean value * standard deviation (range). REM, rapid eye movement; AHI,
apnea-hypopnea index; Al, arousal index; SOREMP; sleep-onset rapid eye movement period.

In patients, correlation analyses with
the confounders of age, sex, and ICV
showed that cortical thickness in the left
supramarginal gyrus was negatively cor-
related with their score on the Epworth
Sleepiness Scale (r = -0.698, P = 0.018)
(Figure 4). The BDI scores of general de-
pressive symptoms were negatively cor-
related with the cortical thickness in the

Standardized residual of
mean cortical thickness

Normal Subjects Narcolepsy Patients

Figure 2—Comparison of mean cortical thickness. Standardized residu-
als of mean cortical thickness, after controlling for age, sex, and intracra-
nial volume, show significant differences between patients with narco-
lepsy and control subjects (P < 0.05, 2-tailed).

polysomnography and not the MSLT). Patients with narco-
lepsy reported feeling significantly more depressed than did
control subjects (BDI scores 13.5+4.2 vs 6.3 £3.1, P=0.022)
and experiencing general depressive symptoms (10.8 + 4.3 vs
4.1 + 2.0, P = 0.035) but not somatic symptoms on the BDI
subscale (3.5 + 1.8 vs 2.2 = 1.6, P = 0.281). No patients had
taken antidepressants or had been previously diagnosed with
major depressive disorder.

All patients and control subjects underwent a brain MRI with
the same protocol, which revealed no gross abnormal findings
on visual inspection.

Cortical Thickness Analysis

Compared with the cortical thickness of control subjects, the
mean cortical thickness of narcolepsy patients with cataplexy
was significantly thinner, after controlling for age, sex, and ICV
(t=2.349, P =0.022; Figure 2).

A significant localized thinning of cortical thickness in pa-
tients was found in the right orbitorectal gyri, the right dorso-
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left parahippocampal gyrus (r = -0.672,
P =10.016) but not somatic scores (Figure 4). There was no sig-
nificant association between cortical thickness and duration of
EDS or cataplexy, as well as other clinical factors or polysom-
nography parameters in the patients.

DISCUSSION

In the present study, a cortical thickness analysis was per-
formed on brain MRI studies to identify cerebral structural
abnormalities in narcolepsy patients with cataplexy, compared
with age- and sex-matched control subjects.

Cortical Thinning of the Medial and Dorsolateral Prefrontal and
Inferior Parietal Lobules

The hypocretin neurons play an essential role in driving
arousal and in maintaining normal wakefulness.”® A lack of
hypocretin neurotransmission produces a chronic state of hy-
poarousal that is characterized by EDS, frequent transitions be-
tween wake and sleep, and episodes of cataplexy.”” More than
90% of narcolepsy patients with cataplexy have very low or
undetectable hypocretin levels in their CSF.?® The medial pre-
frontal cortex is known to be one of several loci that receive
excitatory projections from hypocretin neurons through the
paraventricular thalamic nucleus,” and this region is associated
with motivation, attention, and the processes of working mem-
ory.** Many patients with narcolepsy have attention deficit or
memory decline, with as many as 50% reporting recent memo-
ry disturbances.’'* Attention and memory are closely related,
and, thus, a person with attention impairment frequently com-
plains of memory impairment rather than difficulties with atten-
tion. The dorsolateral prefrontal cortex and the parietal cortex,
which are referred to as part of the executive attention network,
are implicated in directing attention, according to the require-
ments of a task in a PET study.*® Our findings showed signifi-
cant cortical thinning in the medial and dorsolateral prefrontal
cortex and in the inferior parietal lobule in narcolepsy patients
with cataplexy, and these regions are related to the executive at-
tention network and working memory processes. Moreover, we
found that the greater the EDS of patients, the greater the cor-
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tical thinning in the left supramaginal gyrus. Functional MRI
study revealed that stronger linear responses to a Baddeley’s
logical reasoning task were found after total sleep deprivation
in several brain regions, including bilateral inferior parietal
lobes and left dorsolateral prefrontal cortex.* During condi-
tions of sustained attention in functional MRI tasks, bilateral

orbitofrontal gyri in this study also may explain the presence
of a depressive tendency in patients with narcolepsy. Our pa-
tients reported more depressive feelings on the BDI, although
there was no one who had taken antidepressants or who had
been previously diagnosed with major depressive disorder.
The insular cortex has numerous connections with the cere-

activation of the prefrontal and pari-
etal cortexes were found in patients
with narcolepsy.*® The critical role
of the inferior parietal cortex in me-
diating reflexive shifts of attention
within and between sensory modali-
ties has been duplicated in a transcra-
nial magnetic stimulation study.*
Well-designed neuropsychological
examinations have found deficits
in divided and flexible attention in
narcolepsy.”” Thus, cortical thinning
in the dorsolateral/medial prefrontal
and inferior parietal lobules of the
patients may account for attention
deficits and memory decrements and
may play a role in the EDS of narco-
lepsy patients with cataplexy.

Cortical Thinning of the Orbitofrontal,
Insula, and Cingulate Regions
Depressive and neurotic symp-
toms are considered to be common
in narcolepsy. More than 30% of
patients with narcolepsy report hav-
ing a depressive mood.*® An H,"°O-
PET study of patients with familial
depressive disorders showed re-
duced cerebral activity and cortical
volume loss in the frontal cortex
ventral to the genu of the corpus
callosum.* Cortical thinning of the

Table 2—Brain regions showing significant decrease in the cortical thickness using a 3-D surface-based
method in narcolepsy patients with cataplexy, compared with control subjects
MNI Coordinates (mm) t value at
Location BA  Side X y z peak vertex
Orbital Gyrus " R 3.8113 54.8979  -23.6106 3.8251
Rectal Gyrus " R 10.1794 46.0596  -27.5407 3.5836
Superior Frontal Gyrus 8 R 3.6216 29.6032 53.1333 3.9518
10 R 26.3899 62.3889 6.2533 3.9573
" R 21.5543 456995  -18.4682 4.4662
Middle Frontal Gyrus 10 R 28.4052 60.4533 9.3403 3.9015
" R 16.937 46.7533  -20.2598 4.3043
" L -21.8889 31.969 -20.1297 3.8823
Inferior Frontal Gyrus " R 22.4247 37.3808  -20.6315 4.5868
" L -18.773 40.0731 -20.3163 4.5688
Medial Frontal Gyrus 8 R 3.7983 27.9762 49.4819 3.6868
" R 8.1522 63.3977  -16.8404 4.3218
Cingulate Gyrus 31 R 8.8418  -54.7904 27.9109 3.4456
Insula 13 R 46.2955 10.1583 0.4361 3.2705
44 R 40.6132 7.3173 7.7049 3.3362
13 L -39.5428  -29.6356 13.6789 3.3094
Middle Temporal Gyrus 39 R 50.2511 -58.9136 9.2086 3.4188
Inferior Temporal Gyrus 37 R 47.5631 -40.9257  -21.4293 4.6071
Inferior Parietal Lobule 40 L -45.5707  -44.0952 42.355 3.2668
Precuneus 23 R 46614  -62.6397 19.9941 3.2644
Middle Occipital Gyrus 19 L -28.4317  -81.9936 17.0961 4.1555
Note that all reporting peak vertexes are survived at the level of a false discovery rate P < 0.05. MNI,
Montreal Neurological Institute; BA, Brodmann area; B, bilateral; L, left; R, right.

Corrected P

0.05 o

Figure 3—Statistical maps of differences in cortical thickness between narcolepsy patients with cataplexy and control subjects. (A) Statistical t-map with
t-value range of -4.607 to 2.239 and positive values truncated. Most of the cortical area was thinner than in healthy control subjects. (B) There were no
significantly thicker regions than in the healthy control subjects. Only thinner regions were significant (marked as blue) at the level of false discovery rate
corrected P < 0.05. Clusters of bilateral inferior frontal gyrus and right inferior temporal gyrus (arrows) were also significant with a permutation test (P < 0.001).
The left-hand side of the images represent the left hemisphere of the brain.
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Figure 4—Correlation analysis between cortical thickness and scores on the Epworth Sleepiness Scale and Beck Depression Inventory. With the confounders
of age, sex, and intracranial volume controlled, negative correlation was observed between cortical thickness in the left supramarginal gyrus and the score
on the Epworth Sleepiness Scale (r =-0.698, P = 0.018) (left side) and between the cortical thickness in the left parahippocampal gyrus and the scores of
general depressive symptoms on the Beck Depression Inventory (r = -0.672, P = 0.016) (right side).

5.0 75 10.0 12.5 15.0 17.5

General Depressive symptoms

bral cortex, basal ganglia, and limbic structures. Patients with
mesial temporal lobe epilepsy and emotional symptoms have
been shown to have hypometabolism in the anterior insula.*’
The anterior cingulate and the ventromedial prefrontal cor-
tex, including the orbitorectal gyri, participate in awareness
and emotional processing.*** A functional MRI study has
shown that emotional pictures result in increased blood flow
in the cingulate gyrus and anterior temporal regions, includ-
ing the amygdala.®* Our previous SPECT study revealed that
cerebral perfusion was increased in the bilateral premotor
cortexes, the cingulate gyri, the sensorimotor cortexes, and
the right insula during cataplexy, compared with during the
awake non-catapletic period.* These findings may imply that
the insula, cingulate, and fronto-temporal areas are inactive
or in a dysfunctional state during the asymptomatic state, but
they become overactivated in response to emotional changes
that may trigger a cataplectic pathway. All patients involved
in this study had cataplexy, which was evoked by emotional
stimuli. Scores of general depressive symptoms in the BDI
were negatively correlated with the cortical thickness of left
parahippocampal gyrus in the patients but somatic scores in
BDI were not. In depressed patients, significantly greater ac-
tivation in the parahippocampal gyrus was found during the
working memory task in a functional MRI study*’ and a lower
baseline cerebral metabolism was found in the parahippocam-
pal gyrus as well as the anterior cingulate and insula regions.*
Considering the functional connectivity of parahippocampal
gyrus with limbic cortexes, the irritability and emotional la-
bility of patients with narcolepsy might represent an intrin-
sic biochemical deficit of the condition rather than secondary
phenomenon related to symptom adaptation.*’

Therefore, the significant cortical thinning of the insula, the
cingulate, the orbitofrontal, and the anterior temporal cortexes
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that was found in this study may suggest that these structural
abnormalities in parts of the limbic circuit might be related to
depressive mood and emotional instability frequently observed
in narcolepsy patients with cataplexy.

Comparison of the Cortical-thickness Analysis and Voxel-based
Morphometry Results in Narcolepsy

MRI morphometric analyses of the brain have become a
widely used approach to investigate neuroanatomic correlates
of neurologic disorders. A commonly used method for per-
forming voxel-based comparisons of gray matter is known as
VBM.# On the contrary, the estimation of cortical thickness
based on T1-weighted images represents a viable methodo-
logic alternative to volumetric measurements for the assess-
ment of subtle cortical changes in the human brain.* Previous
VBM studies of narcolepsy have produced somewhat different
results.*” Even though these studies used the same VBM meth-
od, the detailed processes used (e.g., the SPM version, modu-
lated or unmodulated, grand mean scaling, absolute or relative
thresholding and study subjects) differed,*® and thus, the VBM
results may be inconsistent. The results of a cortical-thickness
analysis may be less subject to variation between laboratories
because thickness-measurement procedures are quite consis-
tent.>' Interestingly, the spatial distribution of cortical thinning
over the brain in this study and of the reduced GMCs in our
previous VBM study were very similar even though the popu-
lation of patients and control subjects and the study periods
were different between the 2 studies. Cortical thinning of the
dorsolateral prefrontal, orbitofrontal, and temporal cortexes is
consistent with the areas in which we observed significant re-
duced GMCs in patients with narcolepsy.” The only exception
was that GMCs in the bilateral nuclei accumbens, hypothalami,
and thalami were definitely reduced in the VBM analysis. The
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regions of interest in the cortical-thickness analysis did not in-
volve subcortical areas such as the thalamus or hypothalamus.
The similarities between our VBM and cortical thickness stud-
ies support the results of the present study.

In conclusion, this work presents a pattern of regional de-
crease in the cortical thickness in narcolepsy patients with cata-
plexy. It was not clear whether decreases in cortical thickness in
multiple brain cortexes of narcoleptic brains are developmen-
tal or acquired findings because this study was conducted as a
cross-sectional analysis and there was no significant correla-
tion between cortical thickness and duration of EDS or cata-
plexy. But, the cortical thinning of the dorsolateral and medial
prefrontal, orbitofrontal, inferior parietal lobules, insula, and
cingulate in patients may serve as a possible neuroanatomic
explanation of the disturbances in attention, memory, emotion,
and sleepiness of narcolepsy patients with cataplexy.
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