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Brain Metabolite Changes in Insomnia and Obstructive Sleep Apnea
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m ABSTRACT

Sleep is essential to brain function and mental health. Insomnia and obstructive sleep apnea (OSA) are the two most common
sleep disorders, and are major public health concerns. Proton magnetic resonance spectroscopy ('H-MRS) is a non-invasive
method of quantifying neurometabolite concentrations. Therefore, 'H-MRS studies on individuals with sleep disorders may en-
hance our understanding of the pathophysiology of these disorders. In this article, we reviewed 'H-MRS studies in insomnia
and OSA that reported changes in neurometabolite concentrations. Previous studies have consistently reported insomnia-re-
lated reductions in y-aminobutyric acid (GABA) levels in the frontal and occipital regions, which suggest that changes in GABA
are important to the etiology of insomnia. These results may support the hyperarousal theory that insomnia is associated with
increased cognitive and physiological arousal. In addition, the severity of insomnia was associated with low glutamate and glu-
tamine levels. Previous studies of OSA have consistently reported reduced N-acetylaspartate (NAA) levels in the frontal, parieto-
occipital, and temporal regions. In addition, OSA was associated with increased myo-inositol levels. These results may provide
evidence that intermittent hypoxia induced by OSA may result in neuronal damage in the brain, which can be related to neuro-
cognitive dysfunction in patients with OSA. The current review summarizes findings related to neurochemical changes in insom-
nia and OSA. Future well-designed studies using 'H-MRS have the potential to enhance our understanding of the pathophysi-
ology of sleep disorders including insomnia and OSA. Sleep Medicine and Psychophysiology 2021 ; 28(1) : 18-26
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-’F—@ A= el e Al EE 7] sell
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oAb Agh G4l Al 7197480 5 ol Agke) Wy 9F
2 S7HAZ 4= 9ol(Nagai 5 2010 ; Cappuccio & 2010 ;
Krause -5 2017), 8.3 AF8] 4 &A= 75 ar ok
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(Ohayon 2002 : Sivertsen 5 2009). OSA= 4~H = AME
7150 HHEA Q] HHE Q| T3 Asket HA|7F vHE =W
Al % AAESHE (saturation of peripheral oxygen, SpO»)
7F Do A2l 4= E-H(sleep fragmentation)©| AYdF= 7
Q& W5l (Stradling?} Davies 2004), 7+ 2] A AbAZ(in-
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Rosenzweig & 2015), o]of tigt L2221 Wejye|eh4] 7]

AS 9s]7] fIet d++E0] R stth(Khazaie 5 2017 ;

Nofzinger 2004).

] 37711 (neuroimaging) ¥ 9] £, 715, A=A &
of tiet AHE FS55to], Aol HEjee 7S
TEE 4 = e R FHefshA E8EaL ot (Nofz-
inger 2004 ; Desseilles 5 2008). L & oFAA} A7|2HE
I (proton magnetic resonance spectroscopy, 'H-MRS)
< YA 54 tAEE Y] w25 AEE o e R
%2 o] HIHH © & (Govindaraju 5 2000), 9] +x% H3}
7F BEET] A dAoA AZE] Aty HEE utofs)
o] AlA <Al (neuronal loss), Z4H=AH(axonal injury), 417
ofulZF(gliosis)= 9T HEAS T = ok A
o] AcHZhut Barker 2011). 'H-MRS¥ 215 Wyof| what
U £ J oA N-acetylaspartate (NAA), y—amino—
butyric acid (GABA), glutamate, glutamine, choline, cre—
atine, myo—-inositol 5& 98 AERY] = ARE o
<2 4= tHGovindaraju = 2000). & $HA= 714 g
Aol A Utz o 2] A4 S48 e el E olslish] 9
3|, v]A52Q 94 71H 'TH-MRSE &85} & 9] A
3lsh(biochemical) ¥ tAHEA L] FEE #45h= A7}
ArE L tk(Xia 5 2016 ; Winkelman 5 2008 ; Miller
S 2017). whehA 2 oAM= 'H-MRSE 53 EHsa}
OSA°A thAkEZ 9] 5= H3HE elet A4+ s}
A} jh

2 TN e 3 23S A8l nl==d i Akt v
I olshE A G4 Q%] PubMed (https://www.ncbi.
nlm.nih.gov/pubmed/) 2} 2ol 4] Al-5-sH= e HA <l
Z (https://scholar.google.co.kr/)& &85}ttt EHZSo|
ot v tjAf =2 S 98l PubMedell (‘magnetic res—
onance spectroscopy. OR “MRS”) AND (“sleep disorder”

OR “insomnia” OR “sleep disturbance”) & AAO]Z2 =&

of

= AR At 5 88719 w=o] AME I o]F YA A
T+ = (original research paper)®] o} =& 127}, Jol=
A A] 9Fo =1 370 7HA 7] SAF A = (Menopause Rat—
ing Scale, MRS)°l| &+ A 1174, 55 915 470, 'H -MRS
£ ARESHA] 92 Aot 27l Bl o3t o W tiAEE
T HIE £ AR B2 oo AT 4TNE A Llsk
O7f 9] =o] 1zt o7 A E|let. EF OSAo] #st
& A =5 AAE $l@l PubMedell (“magnetic reso-
nance spectroscopy’ OR “MRS”) AND (“obstructive sleep
apnea )& AMBIY] 607]9] =Zo] HMEITE o]F HA
A =20l ofd = TN, Fol= A A - = 3,
WA LA =7 67, 55 A 270, 'H -MRSE AH&-
SHA] Q82 A 1070, = W A4 w8 A0 HA &
& A5 67H, OSAol &7t ¥ Wf Ak 5= BlgkE =8
A2 B ok At 1370E AlQlste] 13709] =] 1L
zZH ez AAE o]F F= Sk HA Qo] EH
=, A HFeES, o W A2 55, MRSe] #&
ol (sleep, magnetic resonance spectroscopy, brain, me-
tabolite, sleep disturbance, insomnia, obstructive sleep ap—
nea)S 25t} HA st 2719 =wo] 1 fiFew
7He] Ak, whepA] HFAH 02 24719 =is A e R
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S 9 T (Winkelman % 2008).
o]% ofjF AR F& AFE S5 B DA (regions of
interest, RODS E43}o] 'H-MRSE 8551, YA &
HZ A7} 2ol vlsl| 5] 514 (occipital cortex)
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Table 1. MRS studies reporting metabolic findings in primary insomnia and sleep complaints

. Magnet MRS Significant findings
Study Subjects N - — -
strength  sequence Metabolite levels Clinical correlations
Winkelman, PI=16 47 1H-CSI JEPSI | GABA/Crin global  Negative correlation between WASO and
2008 HC =16 brain GABA/Cr in global brain
Plante, 2012 =20 47 MEGA-PRESS | GABA/Crin OCC, Not significant
HC =20 ACC
Morgan, 2012 Pl=16 4T ISIS 1T GABA/Crin OCC Negative correlation between WASO, TST
HC =17 and GABA/Crin OCC
Cross, 2013 OHC = 28 3T PRESS 1T ml/Crin left Hp Positive correlation between PSQI and
mL/Crin left Hp
Meyerhoff, PTSD+ = 27 4T MEGA-PRESS | GABA in POC, right  Negative correlation between insomnia
2014 PTSD- = 18 C severity and GABA in POC
Spiegelhalder,  PI=20 3T MEGA-PRESS  Not significant Positive correlation between habitual sleep
2016 HC =20 duration and GABA/Crin ACC
Group X time interaction effect on GIx in
DLPFC
Miller, 2017 I-NSD = 19 3T PRESS | GIn'in left OCC Positive correlation between TST and GIn in
I-SSD = 12 left OCC
HC =16 Negative correlation between WASO and
Glnin left OCC
Urrila, 2017 Depressive/ 3T PRESS I mlin ACC, left Negative correlation between subjective
sleep DLPFC daytime sleepiness, insomnia symptoms
symptoms = 9 and mlin ACC
HC =10 Positive correlation between TST and ml in
ACC
Benson, 2020 Pl =24 47 MEGA-PRESS  Not significant Not significant
MDD = 51
HC =25
Korenic, 2020 SZ=19 3T PRESS | Gluin ACC Negative correlation between PSQI and
HC = 22 Gluin ACC, PC in all participants

ACC : anterior cingulate cortex, Cr :

total creatine, CSI :

chemical shift imaging, DLPFC : dorsolateral prefrontal cortex, GABA :

y-aminobutyric acid, GIn : glutamine, Glu : glutamate, GIx : glutamate+glutamine, HC : healthy controls, Hp : hippocampus, I-

NSD :
JEPSI :

myo-inositol, MRS : magnetic resonance spectroscopy, OCC : occipital cortex, OHC : older healthy controls, PI :
nia, POC : parieto-occipital cortex, PRESS : point-resolved spectroscopy sequence, PSQI :
temporal cortex, TST :

posttraumatic stress disorder, SZ :

onset
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erhoff 5 2014). E3l QAT AEFH A

insomnia with normal sleep duration, I-SSD :
J-resolved echo-planar spectroscopic imaging, MEGA-PRESS : Meshcher-Garwood point resolved spectroscopy, ml :

schizophrenia, T :
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Glxe= ARFAGEL S 53 243t TS ot= Ao
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Ao A9 glutamate 5 =71 FaEo] Y= Ao E 9
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K9] ofuL A e] A% A (gliotransmission) $3}F 52 7]
5 HEPF WS A=t wHol S-S AARTE Myo-
inositol F=9] F7te} 742 0] e AE Hugk = o
T-9] £ 2]+ myo-inositol S SA T ¥ G 2] 2jo]o] A
L ARk hojzte] 71E W2 7hsAdol Qe &, sivhet
%154 (frontal lobe)o A19] 417 &% 2 myo-inositol 5=
= UE S B 5 QA ARk e Ao whebA
T o) A oA 22 A1A EY dAlo] e tiAEE
Apo] 7} v e 4= Qe

EHSOIA X AR ) Zfo] & FelshA] it A4t
=l Benson & EHFOlA Ao dn 45
1% ool A GABA+/creatine, glutamate/creatine H|
¥} creatine S5 FRlstl o, dxPd EHUSY B4
2t Aol9] o7k Apol= wEshA] X3kl tH(Benson

5 2020) (Table 1).

o 4 %

2. H2+HIESES0|AMQ CHAS R HEl

1) N—acetylaspartate (NAA)2| 3}

OSAE Y22 3H= 'H-MRS g7olAE 2 4179
AZ =8 (viability) ZF DES YERRE 2 F9 NAA 5% ¥
Shof] 23 93 A= AThXu 5 2008) (Table 2). NAA
e AWM A (neurodegeneration)2 HHJsH= A %=
, FEolut XA, A, wHE:F, b Bt 22
o g & ZAgholA] NAAZF 75| o] Qli= A o= HaEglct
(Rudkin¥} Arnold 1999 ; Castillo 5 1996). OSA EFA}o| A=
R7EA 2 NAAS) HAaE Bargt dbso] 7P Wak=tl,
Kamba 5 %73 OSAE 7HI 2 o 23tof Hsf &
59 OSA Aol A ] ¥ (white matter)] NAA/cho-
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Table 2. MRS studies reporting metabolic findings in obstructive sleep apnea

. Magnet MRS Significant findings
Study Subjects N - — -
strength  sequence Metabolite levels Clinical correlations
Kamba, 1997 OSA =23 1.5T  2D-CsSlI | NAA/Cho in WM N/A
HC =15
Kamba, 2001 OSA = 55 1.5T 2D-CSl N/A Negative correlation between AHI and
NAA/Cho in WM
Bartlett, 2004 OSA =38 1.5T PRESS T NAA/Crin left Hp Positive correlation between arousal index
HC =15 and NAA/Crin left Hp
Alchanatis, 2004 OSA = 22 1.5T PRESS | NAA/Crin FWM Not significant
HC =10 | Cho/Crin FWM
| Cho, NAA in FWM
Halbower, 2006  OSA 1.5T PRESS, multi- | NAA/Cho in left Hp, N/A
slice MRSI right FC
Tonon, 2007 OSA = 14 1.5T PRESS I NAA in POC Positive correlation between MSLT, SpO-
HC =10 during sleep and NAA in POC
Sarchielli, 2008 OSA =20 1.5T PRESS I NAA/Crin FC Negative correlation between AHI and NAA/
HC = 20 T ml/Crin FC, TC Crin FC
1t Cho/Crin TC
Sharma, 2010 OSA =18 1.5T PRESS I NAAin left TC, left FC  Positive correlation between AHI and Gix
HC = 32 T mlin OCC in left TC
Positive correlation between AHI and ml,
Choin OCC
Negative correlation between AHI and
NAA in left FC
Algin, 2012 OSA =24 1.5T PRESS I NAA/Crin FC N/A
HC =9 | NAA/Cho in FWM
1 Cho/Crin thalamus
O'Donoghue, OSA = 30 1.5T PRESS | NAA/Cho in FWM Negative correlation between arousal index
2012 HC =23 | Cho/Crin Hp and NAA/Cho in FWM
Negative correlation TST at oxygen
saturations < 90% between Cho/Crin Hp
Alkan, 2013 OSA = 31 1.5T PRESS | NAA/Cho in Hp, N/A
putamen
1T NAA/Crin Hp
1 Cho/Crin Hp,
putamen
Kizilgoz, 2013 OSA =20 3T PRESS | NAA/Cho in PYWM N/A
HC =35 1 Cho/Crin PVYWM
Yadav, 2014 OSA = 36 3T PRESS | NAA/Crin insular Positive correlation between AHI and ml/Cr
HC = 53 T ml/Cr, mI/NAA in left in left insularNegative correlation between
insula PSQI and NAA/Cr in left insular
Negative correlation between nadir change
in Oz saturation and ml/Cr in right insular
Kang, 2018 OSA =13 3T Csl | NAA/Cr, NAA/Cho, Negative correlation between HAMA, HAMD,
HC =9 GIx/Crin insular PSQI and NAA/Cho in insular

Positive correlation between PSQI and Cho/
Cr, ml/Cr in left insular

AHI : apnoea-hypopnoea index, Cho : choline, Cr : total creatine, CSI : chemical shift imaging, FC : frontal cortex, FWM : fron-
tal white matter, GIx @ glutamate+glutamine, HAMA : Hamilton Anxiety Rating Scale, HAMD : Hamilton Depression Rating Scale,
HC : healthy controls, Hp : hippocampus, N/A : not applicable, ml i myo-inositol, MRS : magnetic resonance spectroscopy,
MRSI : magnetic resonance spectroscopy imaging, MSLT : Multiple Sleep Latency Test, NAA : N-acetylaspartate, OCC : occipi-
tal cortex, OSA : obstructive sleep apnea, POC : parieto-occipital cortex, PRESS : point-resolved spectroscopy sequence, PSQI :
Pittsburgh Sleep Quality Index, PVWM : periventricular white matter, T tesla, TC : temporal cortex, WM : white matter
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line H|&o] AASHA =& A tH(Kamba &
1997). @S, APdaeh Gt 59 o B Fglho EH
e FEFE FASI -?4'5]1 T AG7E A=, A
A} 2] vpolup AAg e of f.e} %ﬁ]%’iol, OSA
Aol A T i & NAA/chohne Hlgo| fgadhes
38 /A 25 A4 (apnoea—hypopnoea index, AHD)7} =7}
St 2] AudA S 218t Kamba 5 2001).
o|% 9] AFfESoM= FH 54 Fd9S sk NAA
S RFSF AL, v AtollA S5] AR w9
"o A thAF o] EIsHRITE Alchanatis 5= H4HRH
OSA ZHAfoll A tjz2tol] Blsf| A=< @ oflA] NAA/cre-
atine B]&1 NAA At 5% 2% FoaA fad A& &
QI8 tHAlchanatis 5 2004). E?ﬂ' A OSA 22} 5 A
A 50| 971 AT 93 0lo] g HolA 2 3]-_'4_‘1
207 At A 223} v wsk Auto A E AE
W Zof| A ] NAA/creatine H]&0] +25HA W7 t]rZLElC’*
CHAlchanatis 5 2004). OSA 2Al= 118, et 1%
45 5 AETA A2y o 2glo] @A 23t
S7h B, SHHE = o] ek AgEE X Al Aol
o ik wheba] AEHA HE oy fldle
Lo A Ehelal NAAS 7HaL v tjALEZ o] ¥3)
Tz A% mjiZo] ofyal OSA oJsff fE 4=
Abgtel nkzb7EA] 2 O'Donoghue S0l A% 41718 OS
Ao A A7 #A 2] NAA/choline H]&o] 19|35t
Al T2E 131, NAA/choline H]-&o] TAashes 244
=7b F7hke &0 AuAlE #EEHtH O Donoghue
5 2012). OSA #Hxpofl A HFg o] Wi gt ope} o]
Ao M= NAA F= A3t7} Hil¥l=H]|, Halbower
OSA9| aljFst= offlolol| A = 251 A (frontal cortex)
°] NAA/choline Hl& #AE 2¢IsH3tH(Halbower &
2006) E3} Sharma -2 A4 Asto|u} A8 T 93 @ 0lo]
= OSA $HAtol| A 25 AFa]doflA] NAARF N-obAd
0}/\3)( 222 ElY| o] E (N-acetylaspartylglutamate, NAAG)
= $HAFSE F NAA (total NAA)Q| 5271 AAF o 2to]| H
off ZrasEo] Qlglen, & NAA =7t Hadas 735/
AT ZAG7t 5716k &9 A S 21k tH(Shar-
a 5 2010). A4Z-3F OSA 2HAHERE OME} 4301] OSAE
]EP‘?:}S_ Aol A= R4 NAA 5= }JJfXLE]C’*
=0, Sarchielli 52 Z|o OSAE A2 3xlEo] 4
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S Aast Z1E Elskdar, dlg g9 NAA/creatine
H|&o]| ZHAT4E IS5/ AT X457t Z718h= 59 A
TS 25} tH(Sarchielli & 2008). Align %= &

o OSAE Zehihe- ghAfol A tzat
A mEo A NAA/creatine H]&9] &
WA o A NAA/choline H]& A4S 291513 thAlgin 5
2012). OSA AF A 2] NAA E% 2

ZAF 7HA(axonal loss) = 7]53 ol (dysfunction) & AJAF
ghek, wheba] s 4t Aak= OSA At A whAd 2HE A
HAAZ o 2 03| HMFn| Ala) WAl mizof Al &4
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b
o
)
n
i

gol &

A 4= 931, o2t NAAL thAtol A2 412Het OSA 3}
Ak opu et S4F Arrh W vl 2o ke gt
Ao A Uehg 5 S-S Hojth B3 AFYES 59
1A 7)53 o] B Z (Miller 2000), HFHA A 1

EPLhz Ak o] Ak OSACIA] MIHalA WhAteks 0%

g, 7199, A4 59, 43 58 59 AA7F AskE
Arget 4= ok (Decary % 2000 : Engelman 5 2000).
2o g AFY 29 the YHolA NAA H4aE gl
ATt AxE0] it Halbower 52 @ljuto 4 NAA/choline
Hl&-0] 013t aE ERIskg tHHalbower & 20060). E3t
Tonon 5& A8 £& Y 23glo] gl OSA A}

A F=2 1] (parietal Cortex)JJ- =02 NAA 5571 &
OfstA 2 A& ERISIIL, NAA 527 F&48 1
Z A 5 Akt r WAL, oA 7 3 AKMul-
tiple Sleep Latency Test, MSLT)& =73t 4~ 27| (sleep
latency)7} roFAl = o] A A& <153 tHTonon &
2007). Sharma So4l= OSA Ao A = =% (tempo-
ral) FHolA & NAA 57k 74 of 3113 (Sharma &

2010), Kizilgoz 5ol A+ =] A5=$]ul A (periventricular white
matter)ollA] NAA/choline H]-&2] 7145 SF15}A thH(Kizil-
20z & 2013). T3t Yadav 53 Kang 59| 4]+= OSA A}
Al Y)Y (insula)2] NAA/creatine 2-2 NAA/choline H]-&
o] WA THEOoH, NAA Hl&o| fades 4Hol 4
o] Yol FI5IAtHYadav 5 2014 ; Kang 5 2018). 3
S A AF T ok 2k theket & o) mdat
oA NAA 74 9 A7 &4Fo] Ueha &= QlS-3 AR
53] HAHHE A, A, BAAE 2dskal Fske

o

1992 ; Hatton &

N r

=l
[e; ]
=]

f-{nJ

3= 2 (Oppenheimer &

2012), g @ ol A S NAA 4= OSA Aol A 2] HIH
ARl A&A1 A 9] 2 T2 A1 A =] 8H l (neuropsy -
chological) 7|5 H&HE AT 4= Qlr}.

HHH, OSA 2| A NAAS] 5718 Bt Asof A+
=°] ATt Bartlett 52 427k OSA AR A 2= sfjate]
NAA/creatine &0 Z7Fskletal Histgl om, NAA/

creatine H|-&°| S71etps 2] A=rt S7kskes 9 A

THAE Eolstth(Bartlett 5 2004). E3F Alkan 52
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% 54 MRSE 53l 423 OSA $hAke} 4 5-9] OSA 24}
of Ak dE Blast %L A3} A7k OSA ﬂxv}
74%2] OSA &A}o] v]sf 3HU}°1W% NAA/creatine H]-&

7+2, Z7F 3 (putamen) ol A+ NAA/choline Hl-& 7&5\_3
2l itk Alkan 5 2013). 7 AtollA =17 NAA/cre-
atine H]& F7F= % NAAQ {28t S71et7]H e} cre-

atine2] ¢ % 7“\01] 71918k Ao 2 AL O, creatine

2) Choline2| H3}

Choline> A|2E thAF 9 A% cjAke}l o] 1ok (Rosset
Michaelis, 1994). Choline®] Z7}H= Al222+o] H3Hmem-
brane turnover), A|ZUE90] Z7} ZFoF 3 A|lZvt B
ofuA| 2] FA1E UERH, choline $&=2] s 1A
& & (myelin lipid) 2] &4 = IXE tHAHphospho-
lipid metabolism)2] 715 ZolE UEt+= A2 At
TH(Castillo 5 1996 ; Rudkin} Arnold 1999). OSA &2}
A& choline B%9] 2749} 7HAa7} 2= 32 9 ch(Table
2). Halbower 5-& @fjulol| A (Halbower 5 2006), Sarchi-
elli & == A o) A (Sarchielli S 2008), Align S5-& A4+
(thalamus) ]| Al (Align 5 2012), Kizilgoz 52 A9
Zof A choline/creatine Hl-&°] 2|5t S71Hel A& &
3t THKizilgoz & 2013). T3 Alkan 52 th5 E41 MRS
£ 5ol HZhet OSA 27} 459 OSA ghafol| H]sff sfjm}
9} Z718)3 9] choline/creatine H|&0] §-2|5HA F7}%| ¢
AR, choline/creatine Hl&°] S71e4=5 OSA 54
o] F7st= o] AHHAE EelskaithAlkan 5 2013).
vk OSA 2R}l A choline 5=9] A4S High A=
= %=H, Alchanatis 52 A1ZF8E OSA EAFof|A] 7 5-a
A 9] choline/creatine B]&3} choline] Aol &&= %
4250} gl AL skt (Alchanatis 5 2004). E
O'Donoghue 52 3fu}2] choline/creatine H]-&°] 4
Q01 choline/creatine H]-&©0] HAAESE 41 2 3
Aba23He 7 90% oFefiQl AE o] & AAEe vl
7¥ote &9 AHEAE 21sHITHO Donoghue 5 2012).

oj|gt A+t A= OSA SHAfo A HHEZ Q] A AbAF

rz =

oN o\ 2 r°f' n\'

—milﬂ

=
Z& o 2gt A|3Z2 i AHmembrane metabolism)2] 7154
of7b e 4= Sl YAISHH, choline?] F7tet A4E
LI SRl A Avte] EdAe 54 | oo ek 1
2] 9y oA o] uhe} OSAoA EUst Welslz] 2142
A& e BAE UEE 7Hs/d 0] adth

HYOHIM LEHH= | tHAREZES

ki)

3) 1 2| CIZ CHAtS & st

Myo-inositol ‘EE2] 57k= A17HA #2350

S Ui, B4 HAe thi A sk, WY 5
2173 A Agkol| A myo-inositol FE=7F 7= 0] 3= A
2 B E I tHKapeller 5 2005 ; Kantarci 5 2000). OSA
S e R 3t Ao A e tfE-E myo-inosito]l &%=
9] 2715 HE 113} =4|(Table 2), Sarchielli & %L
OSAE ik sixj5o] 4= S5F F o4 myo-ino-
sitol/creatine H]&2] 3-2]3t Z71E Q1519 1 (Sarchielli
5 2008), Sharma & $-F¥ oA myo-inositol®] &=
7F fosHA S7FES &Ikt ®3F Yadav 52 &5
x4 ol A myo—-inositol/creatine B]-&°] Z71HS &Hels)

%o, myo-inositolo] 7V RIS/ ATZA ¢TS5
7}5h= oFo] Akt A2 81015+ thSharma 5 2010). 3%
A= OSA gHAfo A 1HE 4] A4kaxF E+= 3] E (ischemic)
Aoz Qg ofw A2 0] =3t B4 o] FAE HEhdTh

2hH, Kang 5+ OSA $HAto| A tj 2tof vl =4 H 9
Glx/creatine H]&o] §-2o51A 4% Ao=Z ol o
o, B Aol =RIgE Q1A B 7 et wedo] =
w4 9] tiA o> OSA Ao - 2715 7H4
o o] Qs Alow

& 249

Z25]9tHKang 5 2018) (Table 2).
g2 E

%J% OSA ﬂl}oﬂ/ﬂ ] fH/\PEXE‘"

= =2 0 X

A9} 707 Aol Yee AT B3 BuE @
Aol A Ak, wje)E AR o AEy el
Hazt B

=9 AAo)A] glutamined} glutamate E&=
3 T AT E 4HO| Zo|

AgEUY BFL Y

A4
sluamitee] 55 65} o4 Fwgel 2 S8 e

OSAE EH*POE gt WT%PJ 71 Aol A= OSA #
A7 diztel] vl 2 AR GGl NAAS 4

e rlot
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