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The Roles of Frontal Cortex in Primary Insomnia :
Findings from Functional Magnetic Resonance Imaging Studies

Bori Kim, PhD,"" Su Hyun Park,"” Han Byul Cho, PhD,’ Jungyoon Kim, MD"?

'Department of Brain and Cognitive Sciences, Ewha Womans University, Seoul, Korea
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Insomnia is a common sleep-related symptom which occurs in many populations, however, the neural mechanism underlying insom-
nia is not yet known. The hyperarousal model explains the neural mechanism of insomnia to some extent, and the frontal cortex dys-
function has been known to be related to primary insomnia. In this review, we discuss studies that applied resting state and/or task-re-
lated functional magnetic resonance imaging to demonstrate the deficits/dysfunctions of functional activation and network in primary
insomnia. Empirical evidence of the hyperarousal model and proposed relation between the frontal cortex and other brain regions in
primary insomnia are examined. Reviewing these studies could provide critical insights regarding the pathophysiology, brain network
and cerebral activation in insomnia and the development of novel methodologies for the diagnosis and treatment of insomnia.
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Table 1. Resting-state fMRI studies in primary insomnia

. Methods/
Author (year) Participants Results
measures
Marques et al. 5Pl Activation | L MFG, R SFG, R MTG
(2017)" 5HC in DMN 1 LSFG, LAC, L PC, L cingulate gyrus, L MTG, R precuneus
Regen et al. 20 PI Functional No differences in waking DMN connectivity between Pl and GS
(2016)"¢ 20 GS connectivity 1 Waking DMN connectivity associated with,
— | sleep efficiency
— | amounts of rapid eye movement sleep
— 1 sleep-onset latency
Nie et al. 42 Pl Functional | MPC-R MTL
(2015)"™ 42 GS connectivity | L MTL-L IP cortex
Lietal. 15PI Functional 1 B SPL-R ventral AC cortex ; L ventral PC cortex : R splenium of the corpus
(2014) 15HC connectivity callosum : R pars triangularis (R IFG)
| B SPL-SFG
Huang et al. 10 PI Functional | Amygdala-insula ; striatum ; thalamus
(2012)" 10 HC connectivity 1 Amygdala-premotor cortex : sensorimotor cortex
Dai et al. Chronic PI ALFF 1 Temporal lobe and occipital lobe
(2016)? 15M,27 F | B CPL, L DLPFC, B limbic lobe (F)
GS L LOG (M)
18 M, 24 F
Dai et al. Chronic PI ReHo T LFFG
(2014)% 7M,17F | B cingulate gyrus, R CAL
GS 1 LFFG,RPC; | L CAL LSFG (F)
12M, 12°F 1 R temporal lobe : | L frontal lobe, B MFG (M)
Lietal (2016)' 55PI ALFF | LOFC, LIFG, R middle frontal gyrus, L IP lobule, B CPL
44 HC 1 R middle temporal lobe, R inferior temporal lobe
Liv et al. 71PI Fractional ALFF | L ventral anterior insula, B posterior insula, L thalamus, pons
(2016)"” 21 HC 1 B middle OG, R PCG
Wang et al. 59 Pl ReHo T Linsula, R AC gyrus, B PCG, L cuneus
(2016)® 47 HC | R middle cingulate cortex, L fusiform
Zhou et al. 29 chronic PI BEN 1 R dorsal PC cortex, L OFC, L anterior midcingulate cortex, R frontal
(2016)*" 29 HC operculum/insula, R hippocampus, R basal ganglia
| R postcentral gyrus, R temporal-occipital junction
fMRI : functional magnetic resonance imaging, Pl : primary insomnia, HC : healthy control, GS @ good sleeper, M : male, F : female,

DMN : default-mode network, ALFF : amplitude of low frequency fluctuations, ReHo :

regional homogeneity, BEN : brain enfropy, L :

left, R: right, MFG . medial frontal gyrus, SFG : superior frontal gyrus, MTG : middle temporal gyrus, AC : anterior cingulate, PC : pos-

terior cingulate, MPC : medial prefrontal cortex, MTL : medial femporal lobe, IP :

lobe, IFG :

inferior parietal, B : bilateral, SPL : superior parietal

inferior frontal gyrus, CPL : cerebellum posterior lobe, DLPFC : dorsolateral prefrontal cortex, OG : occipital gyrus, FFG :

fusiform gyrus, CAL : cerebellum anterior lobe, OFC : orbitofrontal cortex, PCG : precentral gyrus
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Author (year) Participants Task Results
Altena et al. 21 chronic PI ~ Category fluency L LIFG, L MPC
(2008)” 12 HC Letter luency
Drummond et al.  25PI N-back working memory  Increasing task difficulty with,
(2013)* 25GS | BIFG, thalamus, B middle frontal gyrus, B inferior parietal lobe,
L frontal pole, R DLPFC (task-related working memory regions),
| modulation of orbital frontal gyrus, pregenual cingulate gyrus,
PC (related to DMN)
Lietal (2016)" 30 PI Spatial working memory | LPHG, R PHG, B temporal cortex, frontal cortex, superior
30 HC parietal lobule
Marques et al. 5PI Blank filling tasks 1 activation in B precuneus, B MFG, B IP lobules, B middle
(2017)® 5HC temporal gyri (related to DMN)

fMRI @ functional magnetic resonance imaging, Pl : primary insomnia, HC : healthy control, GS : good sleeper, L : left, R: right, B:
bilateral, IFG : inferior frontal gyrus, MPC : medial prefrontal cortex, DLPFC : dorsolateral prefrontal cortex, PC . posterior cingu-
late, DMN : default-mode network, PHG: parahippocampal gyrus, MFG : medial frontal gyrus, IP : inferior parietal
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