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Sleep plays an important role in maintaining overall human health. There is increasing interest
regarding the impact of sleep related disorders on metabolic diseases. Obstructive sleep apnea
(OSA) is a common health problem, and in the last decade, the emergence of increasing obesity rates
has further led to a remarkable increase in the prevalence of OSA, along with more prominent
metabolic diseases. Obesity is the strongest risk factor for OSA. However, OSA is also known to
cause obesity, suggesting an interaction between OSA and obesity. Although the underlying

mechanisms leading to OSA-induced metabolic diseases are probably multi-factorial and are yet to
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be fully elucidated, the activation of inflammation and oxidative stress and the dysregulation of
appetite—regulating hormones have emerged as important pathophysiological components of
metabolic dysfunction and obesity observed in patients with OSA. Here, we will review the current
state of research regarding the association of OSA with metabolic diseases and the possible
pathophysiological mechanisms by which OSA could lead to such diseases. This will enhance our
understanding of the potential interactions between OSA and obesity and between OSA and
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Ha $SHFESES(obstructive sleep apnea, OSA)}S
TH S 7129 vHEAR] HIH 2 YEfLb, o] = QI A3}
3712 F20|(snoring), 7F84 A4 x(intermittent hypoxia)
o MeHAFES(hypercapnia)o] 'HAYSHH, 371291 214
(frequent arousals) O & Ql5}o] ~HEHo] JHIE Y o]2sh
TS Ay Hsk= v Q1 AskA-RikASH hypoxia-
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reoxygenation)& Q1§ &/d4k A (reactive oxygen species,
ROS)] 5712} HAK] F54-3(systemic inflammation)<
ok Z0R dEA Ut ol HiHE FHFEEES
ERH|T} UHE] AytElo] Qlom, X Aqtsle Al53te]
W3} 9 AgE3to] |HslE Qlsto] H[RRRIGe] F71e} tlEo]
Al golA et ot ol = Hlad sHFEE5e 7
E0| w2 Ao 7 H1ET Qlt} Global Burden of Disease
Studyoll Al 53t wlo]e] £4 Ao oJahH BMI =30 kg/m’
O = AofRt A AAA Het-FHEE-Z 19809 7%el4] 2015
Hofl 12.5%= X|&2Q1 S715 HoIH 1], g jol|A4=2013~
2014 HRIAAFFLRAL HolBHE #A3F Aol ofshd
BMI >30 kg/m’°]| sg=1= grade 2 obesity2] & &
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AollA 5.3%, oJAdollA 4.3%% ERGTHR]. $HREES
FHE2 A9 Hoof et ZEi)E Ago] QAT HTe
HERZA o] OfohH FSE-AHEF 2|5 5 o414 Uit X
Ql Q104 9] B HEC] 9~38%, 181 FH Lo FHES
S Ve RSE-ASE A5 15 o] fHE2 6
17%= F2A ATH3. FHollA= 40~69419] 4391 the.
2 TGRS Aol FHEES AR Aol 2JokH 73
T Hiig FUTSEZ] FHEES W30l 27%, o4do]
16%HATH4].

HIT B 7k 7R, Q1] AvkE dwwie] 9
&2 xlol= QAN H]gko 2 QIgH AHTA ek & AL
ool AIS AT & o 1 5.8-d0] IS 3711 Qs A
oft}. H1o] HAH A ANE AT HH HH FHREST
T2 A=E A AeH5) 9 ciarsHel o] Z93R0 AFasl
o7 By itk FEE-1E0 FHESIFTE AT
O] IS oF 2.6 STHAZIH(6], AETA Eee] 9
42 2.488), 1811 HEF0] gL 2.028) S7HAIZICH
[5]. wbA o]efgl Hiid +HFSFSO FHES S7= <
o A ETA Hek d AREERe] YRS B ST AL
2 d&E1 9loH ol= FFEA9] 583 EAIZ Q4=
et ofof] & F-HollA= Hiald +HRSg5 thakgofol o
S 0] TS AT E T wall ] SHFSESo] 2o A
ol i =he wefAyefsta 7o) disto] A E A} gt
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25, OMA W EY 2=, Ak, 7ieh o] o
5 7|53kl 245 FE0,
, T4 AR5, 7 F 0l
t wste Hl -85 ARt
SRt eIl HAd T e S Adt
3l 1999\ vl==rristelof A AR A7 1ES def A
Stal ok 92 HoiMs SRles2 ShlohaA Hnt
AfollA HAd SRR EESO] Al 58] oV oA
SRR o2 k=@, 1 5 =0] HolAu 2HAE,
olFoe 2Tt ALEE= 3, g, A A4 T
2717 oVdel 430l Bl A HAY FHT eI

(obstructive sleep apnea syndrome, OSAS) 2 & 3ttt
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[9]. B FHRFSESY ST E B ol 718 de
AREER= A= F 98- A 58 A5 (apnea-hypopnea index,
AHDO[t}. o|A2 1 5 Fog A 589 T & ARt
O =2 e ZolH, AHI 15 B9k, 15 o4 30 v]gh, 2232 30
oRFS 7 AL =

mkol.

=)

L1

= A B, Tk, 1| FHFS IO Rt 4
HESE5O] A RS flof 7MY g o[- &&= 19814
Sullivan 5°f| 2Ja]] A71% A&2 71=447|(continuous po-
sitive airway pressure, CPAP)#Holtt}. |44 71 =47 7
2 pneumatic splint®] 2+8-& B3l 7|=9] HlHHE YA|gt
o}, AAA] wid g PR eES B B Aeke] A 7o) 7t
3 £2 A= A U100l WA (oral
appliance)= F=2 <= IZ0U 459 HAd SRS
T SR ALGEH S5 o] Hidl Y THRF eSSt
A3 QA A58 7 =t 1ol -85HA] Fok= SRFEolAl
A AT 1], 28 A2 = e (uvula) = 59 34
ol 5= JAIoh= 4], T 51k A= ol 5A7 = FH
7} @o] ARgEITH12]. 7t X mHPol ke HeRt 2| =70l
w2 Aok = A LRkd 0 2 AHIZ}5 vigh T8ar 557

=

ZeleZut 22 Qg o] s Ae BEE Tk

2. {2 +HESESL H2Y S

Ha SRR EET A2 S Fict(type 2 diabetes, T2D)
O] AR A FiE FAAR= AR 7HAAL /loH
AAY7IR] 2] of2] At oA o] A Y=ol JE(ES]
) [13], Holl14, 15], Bl9H16] 50l 583t g 8glo=z
AHA St HAd FHEFE S5 T2DL] Aol tisiA
= AR 2w SRS ESC] A9, T2DY] it
22 A EC] Alolof we} thas lo] 7} QIATRE, UREA o
2 Hald FHRSES TN T2DS] &2 2F 15%
oA 30% Ale]2 L&A ATH17-19]. TI=2] Wisconsin
sleep study2] R 1154l B T2D2] Y@= Had =
F555 0SAS] 5ol WA fJskA 75t vol, 43
W SlEEHE S 3ol T2DQ] =S A EH AHIVH
15 oldel <} 30 odRl ol Bttt vl w g o 2+t
2.3(95% CI 1.28~4.11), 3.48 (95% CI 1.69~7.18)2] T2D
O] YRE=E 7L Q= A 0= LE{A QIEH18]. E o|2F-FA
St AN = T2D= 7HA| AL Qi AV Aol A wlald <=
ARSESY FHES B o S76ks A0E dEA Q=
4], JH2A O 2 sleep heart health study?] dE119] 2l
H AHIZ} 15 oA3R1 ollA] 24%9] T2D 8-S Earskal 9}
©m[16], Sleep AHEAD (action for health in diabetes)




study©llA= T2DE 7HA] AL Sl BRIl A] Hlal/g 5
3550 FHEC] 86%S1 Ao B 15|l Qlo] Hiad HE
2553 T2DHe] 722 QTS Ueitl= 23E AlXlske
UTH20]. ol T At 1o 7] %23 R HE A of
2}, Foll= thatt A3 IS E Aol Hald RS
S50 T2DO QIFFHAE AAISH] f13t B2 585 o+ 2
7} B w1 Qlrk. SEA|RE o] 23t HRFA Ao EA ARk
ANE U= 7397 o] AR5 o3k Al E SRS
71491 dFt Bl " Qs Ao g AlgHch Wisconsin
Sleep Cohort @7-9] 49 324 A5 AmHEH Ho], AJE,
body habitusE H7g%t & FHFOEZS S|4 9] 27 T
o] HES AR A3 AR 0 & [ofehA] gitH1sI.
Marshall 5°f| &Jsto] a1 S5 AG-A7HE Al EH Uo],
Al S 22 wHASO] FFE AAR Tl S5& oV
O] HiAd FHEFSEFS 7H SRR FelotA =2 23
F o A ES skl 9lom[17], 9] Lindberg &
of &gt 119 52 Tz AtollA = Yo, AldZAlS, 18y
7 AEA A7 ARE 7559 B E B Sl )
d FRFSES TAIA T2DY] WEC] 4.48) S7IRE A o
& XI5k itk Bk ofyet pHE OS5 A 8.
S+ 2721 insulin sensitivity index@FHOMA-IR (homeostatic
model assessment for insulin resistance)= ©]-85}0] A 9]
et Qledl AR St DT Ao Sl= A o= deA 9l
tH21]. o3k ¥k A-Aap7t Yehd ol = B4 4%
AL] 7|7to] Tt wolelr | Bk A, QI A tdAt
o] o], FHESES 9 T2D2] A9, &)1l thisy 240
o]-83F HAHS0| F572] Ajo|2F 22 At HHO| Alo] wiiE
ojZfal k= et AES floliil= F7HQl 2}
BT A= AleHc} BRE E5] 5414 HITKcentral obesity)
2 {1 FHFSESS o= At AT 8RICEA 5=
H FA71%29] efFsty HekE Zdoto] A7 =9 HHE 5
77131, AR TEL] 2o PRk = A0 E LA Qi
AAEZAZ | 7|20 T2 F44 HIvkS st EelvH a2
94 cm oV, AL 80 cm oMo ]AY T waist-to-hip
ratio”}'d#/39] -90ll= 0.9 oW, o432 0.85 oldRl -+,
1231 waist-to-height ratio”Z} 0.5 o321 -2 A ol=t
[22, 231.

ol2|gt HiAd FHFZZZoN thet Al52] Hske] Jk
uj=9] ¥4 Fskd A4l Wisconsin Sleep Cohort2}
Sleep Heart Health Study©l|4] & 7]&=]o] 9t} o] 4 7]
7k&<tol AEo] 10 kg oV S7F6lSi= 4% AHIZH 15 o1
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7o 5Hl, oPgeE 2.5 7k Ao 1
L Ici24). WIsto] sl S uR SRSl e 371
O oI, A AR Bl 3 8e] 371 <19 g
HREEE FEE U398 B U /S A

V3T
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1

bu A o

=

H|TRS thAl E20] BISHE ofu e} ARtRA], XAt
Az, AAAE, T 79} thAN s 23kskal
A= 718A| ZZES(stromal vascular fraction, SVH) 2.2 -
e AR 22)9] S| RS vt} BTk 53] 7k 24
2 ZRE 22 S04 thAPASES Fdsk=d], HIRRE 71
Al A AP EAE g2 7HA AL Qlo] A Aol
SHEQ 91 9RloF B s QIT}H25]. whebA] H|Y
A7 Agke] W ia} Blgke IR AdS 7HA] AL 9
2ol A A4 AHFe] & AARe] E4=, QS A4 &
g, SRS M, AAke] Atslet S A viEe]
of| oJste] A==t oI5 27| thalbg Q] Hak= 71ofA
o] A 42] Hreof FFS vl = QITH26]. 4xofof|412] H]
T -FHEC] vl {9 59 At Azl S7skal §lof
ARt R0 AR o= QH27]. HI9Ee = QI
A1 2] k= e wek opd 2} BIvt L A= Asa A
A1Kd F5(low-grade systemic inflammation)& 4J<l, 4o}
Lol frisk= A 02 Harstal QIrH28]. A=Al ol
Z7RI(adipokine)o|zt Eel= AR7IRIE FHlobY FSat
thAloll F-83F YIS PIX= A= dA Qi HAA"
(resistin), oFHEWEl(adiponectin), HE(leptin), MCP-1
(monocyte chemoattractant protein-1= HIAZE 7|5
<= U= A=A oA B4 == Tl glon, ojr] 271919
Bje} Ak ulgko 2 WMokl AHSHE proinflammation)
9] 371t =5 B/9% LAt o] Y= AR Hirskal
ATH291. §FA MCP-13} SR A8 T pro-inflammatory
cytokine=-Z H|Rto] oJs S7FsIANE S TRl ofr
U2 A6k A 0= H w1 QIEH30]. AA7IA] WA
W] S2 3} H|ThA| 2 v o= A RZ 9] AEHHE-S B 7
7= A0 AeA QXTH31], H]TRERof| A A2 0] A d
J S WIA T I= Rt 2= of 5] HASHR] ATt
Z2o| ofofl thgt thalM 2] Ao thgt Tilo] SHh=ar ]l
o} A HAE-ZE jAHE(adipocyte infiltrated macro-
phages, ATMs)= Ag£2|2] 7|AA|LEE]0] AREO=A
MCP-1, TNF-0, and IL-65 Z3I5H et A G54 whad

=
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O] A4kt HHlo] Fa37t ATS Sl= A 0= A A glom A
HEA| 2ol 4] Ql&E] A5}l 271l thAIA| 9] 28 macro-
phage infiltration)a} Z-2 A3¥Hdo] Q= Z o2 A A Qlrk
[32]. HEo] A A29] 7| A 2] O] T 72} A5 ¥
BIO| /BT AA|IE S FAT Qled A g
A3t Aol = A0 & Harskar IrH33). A5x4, Qe
A R, AFAIRE el thet e k= A 154
OF AT U= A= BTk tiAgo] 457] et
HE 588 QS = A0 & T Hars]ar 9]
"4’[34] Al8xd o =20 Hals Qs A= HF7H A dE
= Ut 71" A0 o] FolA| AL ITH35]. dlE EH
AeKsleep restriction)S HEIQ] £A& TAAZ|A N 12
H(ghrelin)a 22 41854 i (orexigenic peptides)2)
HHIE 771 A= dEA ITH30l. e oA
A3, AHIE AT o2t 95 20| FR3 IS ?_E}
[371. 9A dEskl=e] S ZH(sleep loss) T 41 W5
(sleep dlsturbance) 4o} ARlof| A et} 24 5] Atz
o] Qom 2 20 HAVY T ASAEHE FRith 71
A w2 DA B E AW EH H Xﬂo & HE o] 4ot
519 S7HE YERH oleh 22 Hsl=
=¥ AFFE S7HIA A 4 ‘ﬂ’*’\rﬂ? ThALS] 4
£ 4o7|= A 05 AZFETH38]. 4 AlZHe] o] whE 4l
Alo] thgt B4 vk AR RE Adof| ofshH A
AZEE AvotollA] TA|F} BT AP =S FTHI7I= A o=
LA A2H[39], E5] H AZH] Fa= F5 A ofsof|A]
o] H[Rke] QRS SV 7= =8 IAfeIRH40]. K9 K

o

O

lr

AN i
e 919 42 QAR e AREARE T Sy B
e A9l EeH5AT OIS U4 918 A0 45k ol

ClEo] 9| Ao} Aol A RIS Wt 4=H A7k 3
20} BlE0] F83HH] J«l SR Y aRIo = 7|1 Q)
tH41]. 238 0 2 S5 4= AL 3 AR Hslk= 25

Al ko] st ;ﬂmi AAEH A (low density lipoprotein,
LDL), 117 E C-2k34] thl(hsCRP) <A WA sH AA 7}
U= AR A Ut o] IS TR & W 1S53
Yot LrtthiFollAl A=) 4= ARk 221 =1 53
< 9%t w5 T2 T30 52 53] ofsolAIA AL 715 eyt
B 71 5NRE 7 }i/\] 4 B ofg} BITES A 4
= NS A0 AlmE L], oA 1|
Z2Q35H7|[d 02 QA
31 A o3t A= g RO 2 ZgEl= A2 oftt

www.kjcls.org

Had g5l e Aakiet s Al
£2] Hglo] Oﬂooha 1 5= AeH42]. Aikaet rstol o
8l ZEjE2] 2ot e AT 20 FH1E EXI5k= AVdst
H-BlAl- A S8 BT E AEE A HEo] STT5)
H o] QI3) Qled AP EHRAY 4 IS 7
Ho| ggeid & 0‘1‘% 43]. o|2et Al 2 220 WSS o]
o EH A SHETOESE S v S AT
= ot olRt H]UH TR A= ANH R SUNSES
9] 542 5 A7 O@r S FOE52 ThA HIeE

2 BP0 SRS E ST hbgolle] A ok
of <)) EIcH44)
4. AN ARSSES, U KL A 5530 HEy
9 3R] S ) RS S0) S
I HHRR10 O ek SISOl vIdhe 3
o] 16k 9] 5, A9 5l Tl ek

(

S5 Ao tEA YehE &= itk 5] et
S71R o= WA R visceral fat)2] &2%jo] Hiad +HES
259 AgE S7MI7Ie AS= HRlr: 2000 241
Vgontzas 59| Ea1of| ofshA HTiERlof|A Hidd SHES
F59 Aol T AR 42T A SHEEES
= 7RI B[RRIl A Hald T oES0] fls HITekAiet
1 5199 W), TSk "(subcutaneous fat)9] % ZJo|7}
USAATE YA ol -2t Zol7} - Harsi3lar,
of2fet YA R o SF oAt 1Fd 4] Alitaet
72 Aol Slis A o0& AfA QUrH45]. g Aol =
WAARR] 2 AHIR] At A7 0. 7019 WAAHe] &
I} 2| A ARSI QLO] A= —0.6 202 UFERATHAA].
A S metabolic syndrome)}2 Z719l= “x syndrome”
olg} Y= UATE, Tof ASETOE YESHA A=
o} WAl 42 eSS FEtks 78 9059
sholtt, £HESES AR PASETY FHEES
50~80%= 1~ =A LFERATH47, 48]. thAt 592 ol=
Z+2 NCEP-ATP (national cholesterol education program-
adult treatment panel) 1119] 7|5& o|-8sl=d] IS5 A|4}
(=150 mg/dL), A HDL ZF| 28201 <50 mg/dL, E4:
<40 mg/dL), BFHRK1F: =35 inches, H4d: 240 inches),
FEZH=100 mg/dL), EA(=130/85 mmHg)2] 5712 &

ﬁ

11‘.

Q102 yEloiglon] o] 712 37k 8elo] MO R B
D 7S WSRO W % 9lom] a8 A Pt

AJolg Hrhe 4+ G EF2A 5 o} 85|31 glck. ol



ool FolM A8 = =
= AgE A =4
glucose tolerance test T+ euglycaemic clamp 52 =+
7]— 0] Q Q 77 th- O]E{o]— ]‘4—01-"‘]— q]/\]—;(]»oﬂ."é_ w7 ].o]— 2~ OD;E
:rLg ol-83t WA +HFOE ZJJr—J Aol Hiet o] A+
=l EJJE]E U=dl, olE AT TSN B Hiad
555 TAA Qe 1 El(msuhn sensitivity)°o] Za
& = UTH49, 501. o] 213t Aot wald A
S Agol| tisto] JEL2 F83 LS o= o=
Hol=t| 5 22 vlgto|2t st Ehe @ Hrt ool o
g Pr;"‘T 0] dhgo] TA5] AA e 2o s U
7;] ohq‘ 1,5

L rloks} o AR W7}t 2= 9]

, HOMA, insulin-stimulation test,

f”é

‘oo
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/V\
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ll
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©
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I
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5. Ty 4012
R 71

SE3-H|TH-CHAL ZoH2| A ko)l CHat
1) ZHEX TAALL S AEZ|A

TH S ARSI O] 7| AR Ta= HiA Y THF S
9] 8354 59| shpolm o|zjet E/AdS HHe HA A
Ak HEe {4 AT SESO] HEHYEE olslel] 1%t
AgHPHo g de] o] 8= 1L Qltk. of2] A=A 7FEA A
A7 SRS ST AR & dRA glon AA|
HH/ THFEES AN Had HTEEFe
of| Blglsto] - gAtAet o] = QIR ARSIAEH| A0 X]ﬂiE*’] 5
71eto] 2 gHA JtH53, 54]. 7HH AikaTt g A 159l
0| 2= Gl sl 2ARRE Aol ofehd 7HE A Aika= <l
A2 ok F HlEbA| 2] 7|5 5-d2 b (55] &
A1420] F7FE Q13 HEPAIAE O] APE(apoptosis)©] OFE 1+
o= 8 710 2 7 T3 1A AAkAo] leEA

7 upe-20] FPgollA] of2] ARRIAEA X HE0] S5
o] JAAE AlA Sk S8 FolskAY HPde] HletA| e
Aoz 23 I8E E-538kaA(superoxide dismutase)
IPEAAT] vR-Aof A= 3R] HERA| 229] 750 315
EATHS6, 571. o]t AFATE Soel & o, 1A Ait
40 ofsf| St B gAtAt HPde] HEpA o] APES R 5t
of A= Qladlo] M BH|E AT EA F tiAFolE

ok A o2 AJzHErt

ZZ

O

411

ﬂ.I‘I ox M

AN

£2

mlru

2) GE0t AO|EFRIo] At
Zl'oé 1’5}5}: TNF-a (tumor necrosis factor-o), inter-
leukin (I1)-6, MCP-13} Z+& pro-inflammatory cytokine

9] ¥FH-S 2-ol= HARIARI NF-«B (nuclear factor-
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kappa B)E /S IXIth= Zlo] & A& A Qlrt. o]=3t BF
AP E7IRIE2 21 A2 Aol A O]‘%\%Oﬂ o vz e
ZAAZIe), nf2 31 4735t Ao A ARk =
(anti-inflammation)] CD4" & TA|Z2} M2F 9] ti21A|
27t =2 HE2 AR oF HAA|ZS2 S/ Alo]
E7RIQIIL-10=} ot =u o ' W HHlE J7 A7l 1t
W, pro-inflammatory cytokine2] &2 44|71t} 514
Tk A g320] 2717F A-GE N EAEA CD8' Al 4=
375k, CD4" 278 TH| 3= T4sk= RHE E5Hh8-2 &4
Sk= M1 9] thAlA29] Bl&o] S7FsHA HrH25]. 5=4
Hof| A THEA Aibas= AR A of| A of2]5E M1 9] T2 A
2O a2 EAH O E sh= AFHE= EXI631aL oo FHlst
J= -FUSISTHS8]. AR A5 &
AepAke] HIE-S oF7]skal ©]& JNKs (c-Jun N-terminal
protein kinases), IKKB (inhibitor of nuclear k-B kinase
subunit p)2FZ-2 ISR A H =S B3t Al o =X At
A o= Qladl A/dE FIAZITH 59 A Ak 7ol
A FAYS =X A 2rdo] daao] ukxo =71 71ch
[57, 60]. H|Z-7Fd3 AAkao]| -40} NF-kB2] &/J3}%} pro-
inflammatory cytokine2| 7 F = QAT A 4k
20| ozt o3t AFHES0] 7oA Q] FAEel A2l gt
= SFEAlE A= BES] USEA| Lokt 7Fd A A4t
Az A Aol R v|xIth vReAE o8t 5=
Aof|A 7HIA AAkd= XA AR A=) £30E B4
ISHA 5= ol o et ZHAEES] ErE
st e AEHAHE BF5S YoV = A og BAEHT

AR 22 5= o8] A Aol ofshd HIF-1a7k1H
A AAkao]| ot SAAHS] S2of| F83 TS sh= A2
2 HeITH61l.

—

(¢}

3) HITHAIEL R2i §EE/E¢HHJ<|

7otk t] Xl““ilitoﬂfﬂ ?:WEM 0—.% &30 Al
SHhypothalamus)2] &l =840 g3tk o] f 2185
S5l ABAIEEC] 52 Aok i, TS %
Sh= ABAIEES] B SRR O =H 34 RS
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22 A2 0]t T2 AT §RE2] xlo] CPAPA R Foll= 4 WHSI] AR, E5] FH HfukSollA B Bold oz WA
A}0 2 ElEot Ziti= ZoltH78]. E tE d5A] v 2 &4 =] o]32ofl A T, Tl 7] 1‘41*—%113& A4 At 3
%1 CRP= 2 IL-6°1| &fsf 7oA AAtsl= 5471 ©aiEo] A Z45Klocalization)EITHS0]. o]t Z435}= =35 CRP
W A5 A WYohe T8 AHEA S45WER ] = SAAFHES I AHAR] BelE ol AR A
ANTE Frlole AR T AHA QTH79l. CRP= 45 AUtk AT} Ao RS54} B5oflA CRP7L 5715t

Table 1. Changes in oxidative stress markers, inflammatory substances, and metabolism-related hormones in OSA patients and intermittent
hypoxic models

Type of Type of Number of Type of ) .
Reference P VP subjects or age P Main results Intervention
study subjects : markers
(for animal)
Franco et al. Case—-control Human N=38 Oxidative stress: - Superoxide levels were proportional No
[63] (all male) superoxide, to the severity of OSAS, while
nitrite, nitrate serum nitrite and nitrate levels were
decreasing in inverse proportion
to the severity of OSAS
Villa et al. Case—control Human N=65, children  Oxidative stress: - Urinary 8-isoprostane levels No
[54] (mean age urinary positively correlated with AHI
5.9+2.0 years) 8-isoprostane
Carreras et al.  Experimental Animal 8 weeks Metabolism-related - Higher insulin levels were observed Resveratrol
[58] (C57BL hormones: after 8 weeks of intermittent hypoxia
/6J mice) Insulin, leptin - Leptin levels were unaltered in
Inflammation: intermittent hypoxia, but resveratrol
M1 macrophage treatment reduced plasma leptin levels
- The proportion of M1 macrophage were
increased after intermittent hypoxia
Yokoe et al. Case—control Human N=44 Inflammation: - Levels of CRP and IL-6 were CPAP
[72] (30 OSAS plasma CRP, significantly higher in patients with
patients and IL-6 OSAS than in obese control
14 obese - CPAP significantly decreased
control) levels of both CRP and IL-6
Htoo et al. Case-control Human N=22 Inflammation: - Neutrophils in mild to moderate and CPAP
[85] NF-kappa B, soluble severe OSA patients showed 4.8- and
E-selectin, soluble  7.9-fold greater NF-kappaB binding
vascular cell activity compared with control
adhesion - Soluble E-selectin and soluble vascular
molecule—1 cell adhesion molecule concentrations
were reduced by CPAP
Ohga et al. Case—-control Human N=20 Inflammation: - ICAM-1, IL-8 and MCP-1 were CPAP
[86] (all male) ICAM-1, IL-8, significantly greater than in the controls
MCP-1 - CPAP treatment decreased
the circulating ICAM-1, IL-8,
and MCP-1 levels
Ciftci et al. Case—control Human N=65 Inflammation: - Serum IL-6 and TNF-a levels No
[87] (43 OSAS and IL-6,TNF-a were significantly higher in
22 obese OSAS patients than in controls
controls)
Bingol et al. Case—control Human N=146 Metabolism-related - Severe OSA patients had lower No
[88] (81 females, hormones: leptin and adiponectin levels
65 males) leptin, adiponectin
Badran M et al. Experimental Animal 10 weeks Oxidative stress: - Urinary 8-OHdG levels were higher Alpha
[89] (C57BL/ urine 8-OHdG in mice subjected to intermittent lipoic
6J mice) Inflammation: hypoxia when compared to control acid

TNF-a - Plasma TNF-alevels were higher in
mice subjected to intermittent hypoxia
- Treatment of dietary alpha lipoic
acid lowered systemic oxidative
and inflammation

Abbreviations: AHI, apnea hypopnea index; CPAP, continuous positive airway pressure; CRP, c-reactive protein; CVD, cardiovascular disease:
ICAM-1, intercellular adhesion molecule-1; IL-6, interleukin—6; IL-8, interleukin—8; MCP-1, monocyte chemoattractant protein—1. OSA,
obstructive sleep apnea: OSAS, obstructive sleep apnea syndrome; ROS, reactive oxygen species; TNF-a, tumor necrosis factor—a.
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Figure 1. Pathophysiological mechanisms of obesity, glucose and lipid
metabolism abnormalities caused by obstructive sleep apnea [90].
Abbreviations: CRP, c-reactive protein; CVD, cardiovascular disease;
IL-6, interleukin-6; OSA, obstructive sleep apnea; ROS, reactive
oxygen species; TNF-a, tumor necrosis factor-a.
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