3. REHOLERE - rEEOLMECKRETE

CMERRET /774 #5142 ERER, 7> — VERBEBEIERE LCRRRIT %
Fo, HETHo7b DOV TERRMIEFo . BRO S HHHMERM 2R T BRIV
T, AHIERBER AT % 15 o 72,

MESmEOHFMER 1R L. EHREEHSMER I EHEREZEFICR L ZTFIIEE
P72, —F, R A VT —EBINERLTFREEITKL, ﬁ?@%ﬁﬁﬁ?ﬁﬂﬁ@iﬁ%ﬁﬁ%k%
P

€D MEsMBOEY (3 KDHE)

53 (50,55) -
g ® <o
676270 007
140 (131,147 026
06 (08 .0nm
120 4B) . <00001
: o594 (561,628) < 00001
; (129,164) - 96 (88,106) < 00001
3154 (425) 3053 (407) 00009
73 (55) 78 (52 029
62 35 < 0.0001
53 (5) 21 (7) , < 0.0001
9% (2) 91 3 02
% - 92 : : 0.055
2229 (524) 1827 (455) < 0.0001
9.1 (3.0) -85 (29) 0.004
42 (1.2) 47 (14) < 0.0001

i & A B

F—YFFEYE (BERE THRUTHS. o i

¥ SMIFENETRTEY (DRl 4> A U, HOMA-R, LTT 2. B CRP, ;%%}JH%FE%,
TV BEERSRS) ([CDWTIE#E R, HEEREZ{TDIC. TNSOERIFFEE (95%IEFEFRS)
T®UE.

HOMA-IR: homeostasis model assessment of insulin resistance
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D& NEOLEEBEROFHER

) ERESLUEHROEEFEBIEREDVMERREAHECSZASRE W3 LDHE)

SEERAREES -t 364%4x
ln (ESSESR)* - - - - S e - -
In (TViREERSRE) # - - 258%  -202% - - - -

BEHOMBERY 270 306" - - - - = - -
BT RJUE—EIE 308 296" 235% - - - - - - - = - -

Fiber/1000kcal . . - < - = - - -247* - L s = - _
AMBMI - 501%* 458 - - - - - 257% 214 = = 3100 247
I (ROEEEE* - - - - =~ = - s s

BOBME 3587 308 - . - - = - TR T U S

ln (BOEENRSRY) #

EERIESI ; = S R LI 27% 2200 = 260 <353 -
In (EBEsED* . - £l T e = oy e S == 206" -
In (TV 1REBESRS) # - .98 - -259% - 209% - ~ B T - v 1 b b S R
RIxLF—ERE - - - = - TR U SR -
Fiber/1000kcal = & === s SD3E 47 404 - e - 221*
420 BM R L TR T R I TRt P 0 U T T
=0 BMI 395w 283 - - = - el TR P S TR = ~

FANDOHEIFERBAITTD t EZRLTND.

L EORED USIFERRITICBVTER THEN IEEEI[C DV TG TRUTHS.

AN: 7 T4 IRROF >/ (ug/mL), BMI:body massindex (kg/m?), CRP:@RYE CRP (ng/mL), FPG:fasting plasma glucose (mg/

dL), Fiber/1000kcal: 1000kcal Hiz b DEYEHERE (g), HDL HDL L X7 O—Jb (mg/dl), HOMA: homeostasis model

assessment of insulin resistance, LDL: LDL /X7 0—)b (mg/dL), SBP: systolic blood pressure (mmHg)

* < 0.05 **P <001, ***p <0001

#NBMIERD AR IR (PR, AUV, HOMA = IR, UT7FY, BRE CRP, EBIERE - TV RERE) (CDWTE
MBI ENFENZT O TS, CNOOEMT In (FH) SUTERUIL

8. 70— NEEEIREEEIC (1:8MULTWVS, 0:8MULTVELY) EWSERBICUE.

THRERICOVTE (HIFEAEEBNEY, 2B, 38HEND) SLWOSRMICUR.

BRAB L RELZ DL - EREISLDNERRET/7 74 BA 4 VEICKIZTERECOVWT
BERRSFTORBREER2ITR L. BREDOEFHRIFH~OSMIH L L I, BIZHEFITB
TROMEERRTEICREREEL2 52T BT CERBHEDBIEEZ D752 L BMI ®E
MEBBELZBRIFD Y, XFTEBCEYBEERSMAEE (AU Y HOMA-IR fEDEK
i &5V BIfR % RO 72

2D EREOIEEOERICSA BIREEOHE O3 £L0HR)

247 (1.28,4.77) 0.007 1.09 (0.44,2.70) 0.86

174 (0.71,4.26) 0.23 3.00 (1.13,8.00) 003
6.36 (1.86,21.8) 0.003 272 (056,13.2) 0.21

REEDEBEIEARDEREICED BMI = 25kg/m2 & LT H D9, LIED>T, BK4E
DREADEZEF International Obesity Task Force standard 0 BMI 25kg/m? [CHEH T D 1E
BlEELTWDD. C:EERR
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. BEROLREE - BREBESOMEBREFE

b EE (BRE) OEEEERTHICET 2IEE—HA RSAVEECHITT—
BEESICDT &S |

oSSR mp$j

*_;¢EH%&ZF%§%bTM§3 %ﬁb BiAd, ﬂwa @émﬁ%ﬁa%ﬁuﬁbﬁﬁ

 LBDTY. RHOEHBEEDLELLS.

2. FUEPTUES—LDSENELS G e
f¥BGWEéﬁ50ﬁuW WEHWE 100 9LKE, FUE (FLES—LBaHEY)

ist. pdf E%%(LH% c‘:/mb\i'g“ k

Vhtt /vvvvwsoc i ac Jp/Jasso/data/pdf/hp

REE DIEHPBRAEDERICS 2 5 BN EZRD, LPEHTDH 5 L BREFEHTH
524y AWRBFIOABEILEL, BPEHTHL L, BREVERTHH 4 v ALEXFIZO
AEBICEPoI (K3).

90
COEILRRERTZ, R40XH) LRELIT-o Tw5b. 41 prospective study {7V,
NHIZE D OMEERETEOLENA LN DL PRE % el T E 72w,

W3ZER 1) Wittmeier KD, Mollard RC, Kriellaars DJ. Physical activity intensity and risk of overweight and adiposity in

children. Obesity. 2008; 16: 415-20.

2) Spear BA, Barlow SE, Ervin C, et al. Recommendations for treatment of child and adolescent overweight and
obesity. Pediatrics. 2007; 120 Suppl 4: S254-88.

3) Yoshinaga M, Hatake S, Tachikawa T, et al. Impact of lifestyles of adolescents and their parents on
cardiovascular risk factors in the adolescents. ] Atheroscler Thromb. 2011; 18: 981-90.

4) Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis model assessment: insulin resistance and beta—cell
function from fasting plasma glucose and insulin concentrations in man. Diabetologia. 1985; 28: 412-9.

5) EMBOWERES, & BERERRSE (RETHEE). I, EHRERMR: 2006.

6) Examination Committee of Criteria for ‘Obesity Disease’ in Japan; Japan Society for the Study of Obesity:
New criteria for ‘obesity disease’ in Japan. Circ J. 2002; 66: 987-92. '

7) Cole TJ, Bellizzi MC, Flegal KM, et al. Establishing a standard definition for child overweight and obesity
worldwide: international survey. BMJ. 2000; 320: 1240-3.

8) BEH (BRL) OEFEBIERTHICETAIRE. http//kagomcjp/sinryoka/syoni/data/teigen.pdf
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I5¢ SERRONEOLEFRER

#ekeh o, PREHEF (fatty liver: FL) BB OEHEE LTI lmbhTws. /NEBO FL ©
% FMIERT, MBTRESCEHEERRE, BHCT REZ 2B E L TEARR SNIBELS
V. BETIE, RIS EBET A FLIMRE T SRR I L FRAFEE L SN TE N, W
BMRET A S, NEEIT S JRIFEIT A S B IS ATT BB D 55 2 LA SRR Y, B
AN EELEREEFPLETH S, FLIE, AF KV v 23y Fu—AOKEEBEI R, H
AANEELT VT ACEBEETREL, SEEMMERICSH L Eh0, BIEHSATYA,

WAE, MR IEG 2 BUMER G (type 2 diabetes mellitus: T2DM) D#EMIZAE - T, #¥EE
P FL 238 M LT 3. FL &1, KRR P R IR A ASBE - M L2298 L, MLy
WD 1/3 LLEIZIRIIE DS EE L TWAEEEZ V). /

BEREWFL OFIZIE, KBEXZVIZHEDLLT, 7 a— VEFEEICED L -EBGEE
THEHBH Y, FET V- VIEIRIFEFEE (non-alcoholic fatty liver disease: NAFLD) & :iIh
TWwaD, NAFLD LZWiT 270101, Hr oy 4V ARITAR HCREEITE, R#EBI8
IFEE LR E BT A UNENDH S, NAFLD 1X, HEAMMERIIFS S, PRV, FHEHEE, 5T
WMEE T2FURAVEEST, FLICKERRSLMEOLER, ML Mbo 7258527V
I — VERFS¢ (non-alcoholic steatohepatitiss NASH) & w952, NASH & NAFLD O ERER T

D, BHIIZFEBRDPLETSH 5.

FEBEO— B AR A NAFLD OBHEIFRN I0%BELHEEINTEY, BmE< T2DM &
2B} % NAFLD O#EIR L )V EFXETH 5.

/NEB FL IZ2WT Tominaga 513, 4~12@ED 810 &= x5 & L THEEBHERRE LT, BIE
D34%, LRDIZKIZFLIAPRD LN, BEABELZFEICFLAS o HEL T
53 F7- Tazawa ST 6~11 RO /NE 30L& 2N L LT, FL 2T 55 ALT MED
BEARE L, EH/NEOR 25% 128 ALT MELED b, BEOFRMEITRNIZES ALT
MIEDHEEIEIML TWizeHmEL TV AEY,

NASH OZWIIZFERISLETH Y, /NEH NASH OBEEICE T 2 KEEEFRERE L2
v, Kinugasa 51&, FFEREREED D 5 0HE/NE 11 U ERZ TV, BEFEEFL I3 Th 360
AT 2 BNIBERHMERT Y5, 5 BNEARRFIERFMEE, 1B E Tho e MEL TWAY. 513,
30 4D NAFLD /NBIZIFAERZHITL, 9596 (30%) X NASH Thoz e HELTWEY,
DX HIZ, AEONASH ZEGUECEHEETHY, FEETI TETLTWARERAENS
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12 &HERBSNEOEEEER

72, LTERTEZVWEREHHETH 5.

NAFLD ® NASH O#HE & LT, B UDIEBFSEL, ZORIIEHEFRCBIT IS LV
9. Two hit hypothesis 2%, D2 5& LRI N TW5ED (K1), B, 5B 2 NEENZE
BiE, 4 v2) vtz B S IR CBR 2 RFERELHE C st hit), 2ok, AR{LE
BRBALA VA, TV F MY VR EOFMEREESRT 2 2nd hit £ 7% > TNASHICERET %
EVIERFTTHA.

L LS, SRS TICEMIC NAFLD 268 L72fdMESNTE D, BEEHERS
FENRELBERDOEEDI AT v T (Whw 5 DOHaD O#t%) & NAFLD % NASH OF e

WS LT WREED H 5Y.

[ MEIEYEE - 7F R A b hTBR

B

BEEIEE
B{EX L X

o Bk 2 R I RbES
[;;}Q(%%E@ % DAt | et
B | RRE
(steatohepatitis) . RiE
1st hit 2nd hit ' Freezs (L
(ballooning)
(Mallory k)

NASH D% (Two hit hypothesis)

 NAFLD % NASH BZEEROBE DL, 72 2 EKEH o Th, BEEY, LEHAHR,
BEOREZLR EOFENLEROEEDI %L v, NAFLD % NASH O&25bn 2S8R &
LCiE, HROEXSLIFIEE SO, SEHOBAEFEREE (achanthosis nigricans: AN) 3% 15
bis. BuhRICEDH5NE AN ZHBIEIFER IS BA Y R VIER A v A Vs
ARBLTEY, AN R0 5N EEARIEX 5K v 7 ¥ ¥ Fu—2a% NAFLD - NASH 04
PEAIZ 9,

NAFLD #% NASH OZWriciE, 7LV a—VEBRERLZWI L, FLE XL 9 AMOFRED
BB LETH L. FE, BEHNEOTVI— VT2 —23MEEZ2-TBY, BEHDED
EFEZEOBEOBICIZ 20 TO TV I—VEBRLTWATERLDH D I B L 0I) UETHE
BB RETHDH. F72, FLOENZH & LT, HEREE, Y4 VARYE HEES B
CIEMRE, EHMES CICERAT AFBELTE L 2T R 6% w0, £ 1I/MNEH» 5 FL
EEL) DEARLRT.
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6. RERRRT - FE7)L 30— )UIERSR TR

b NREAICEERRRT EAE U S BESE (R 10 L0 HE)
SEMWEE/RERE ; RS

EE, XSYRUw oIy RO—LA U KRB

2R (BKE, EERYYE) Wilson %%

Gt AR aFP VF NI TV RBE

5L HS50 h—2 M5

celiac % BIEHEREANE

SERBIRREACEEL DD YEIRR

Eai! _ FIWZF l\j/zjj)w\‘si ’Eﬁ@af‘

A URYRA RO T — R

BEE - BURERKIEE

CEURER: KBRS, ﬁﬁ

EB A JURRE :

SRR - ‘ ;%ﬁﬂ'li

fj\jﬁm/ :
><I\M/:F*j‘—|\ L—-7XJ\7$7“~—12
7\7‘5/{&\ A=A I/, b

ER L 7259512, NAFLD ® NASH OE#05H o THRBHLIERICZ L Wiz, MEHRAR

R #T T NAFLD % NASH OfFFEICEN PN BHEDE . — KIS, MBEHRETIT ALT B
DIFEHERO LREPROOND. 2721, WEEFT TETTHE ASTEMICRAZ LICHET
é%%#%%.@%iaﬁﬁﬁfu,HW@%ﬁt,H%E@ﬁﬁmlﬂw(MQthw,ﬁw
WERD = I — 3 (deep attenuation), FFHRARE OAREEAL, B2 b7 X b O#ERAL L O
R2s, I CTHRETIE, WEEO CTHEOET (o CTHE/MiED CT E< 09) 2’5o 5h
5.

NAFLD O ET—FME L 22 D13, NASHICEFT LTV A2hEr O Th 5. BN
X, NASH % ZW 3 5F &% MERERET L <, MSH«@ﬁﬁwﬁﬁ%ﬂﬁﬁékﬁﬁiﬁ
BLETHL. FERIBENLBRETSH S0, BACBITAFEREZERTREEED 28
B LTRSS S (K2).

NASH DB Wiz HFHWir R T% &N 5. NASH 3#THTH 5 -0 EEMHE L BITE OB
Brunt DEBILH SN TW A, i, /MNEE NASH oF12iE, A NASH & HEFEMICE R 5
N — VR BTRENSZNI EBHLIE 57212 (F3). “Pediatric type” @ NASH &, HBH
PEELAEBANEOBRIIZVWEREINTVRS.

D) MEREZETREEH Gt 11 K02

DAT HE ﬁ(mmwuxt)tﬁﬁﬁmuﬁé

@NASH DBBRRFZETD S ‘
(RigRERs S, FEAHES. Mﬁﬁ%‘ﬁﬁg r%Jﬂ]E, AFIRYUw IV RO—L,

- BADU-ER INBEFTR, SREEERD - EEL)

@ FEEDETHROND ' o .

- (FHEBEIET, AST > ALT, mmwmm,ﬁﬁmv;m~@tﬁ>

@ BEEEE CWEDRDSNEL :

® IR EE U B hEE (3 dta%zﬂéys%%e:@%%lj) t@%ﬁljb\l*ﬁ
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&5 FRERONEOEEEIER

€5 V78 NASH ORBIBOEES

4N AN
L B
PIBREID 14 INEERRENE

Bt | BB |
BHIFEVNG > THPIRE BREDHNERDER
a18) Bb

A D NASH iZ#ATHT, FFMMEILD DIFEZEN, S 5ICRIFMREFRET 2560H5 2

ERFFEIN TS, ARENASHOFRIEII LWL PICE o TR VEDIZWV), FHEEZE
TAHFPmRESINTEY, MR NASH b ETHETHL LEZONS. LS, NRBICZNASH
IR L72E L, B OBHREED T L %2 & X NASH OFREDPRASES L ) d KEIC
MBE T A RREPEVI E2EETHE, RADNASH & ) FEPBVITEEITETE LW,

¥z 5%, /NEO NAFLD #lid, WWEERP THETLIELHBR T 2EN BT HDTEY, HEH

FRIZEDOTEVEHREL TWAEY,

FEG# 2P 9 NAFLD % NASH OREOE—ER I, BHmOZIETH 5. /ARG EO EH
X, EEGZERERECHITS 2L, B GHEPRHOBRELUEIEL L THS.
L7250 T, BT A NVF—HIBEIZATHT, HHEHRNOHEZ AN —LEED WU EEDOT
AINVEF—HIREZIT). ZRREBERONT VR, BERFREICEL, BlEECER~EI— Yy
FTIREBENLEWELZHIREL, 7V LI v 74 U Fy 7 ADPNSCESHEE OB ZEID 5.
NAFLD ® NASH 2 &8 3 2 B/NEDE L 3 HHREE P A +45TH 5. BMELRESL, AL
AR, 4 VAR VEZHORENRD D 20, EERINEE MO A R — Y IEEICBINT
5EET FNAL AT 5. LIS EICE, AFY) XLDOBEEAREbOTEETHY), BE
PLELARVEIICLT, BRLAZSHAZECETLTHEZEBIT S L ICIHET 5. gEE
BHLUTHEEARET 2 &, MBMEICB T 2FERBEEO LRALEGEBR BT 5 FL AT RIZHE
TRHENE VY, BEREEAC, REloRESRAICh: 5 BEMORBEIL, EHERE R
AN 720 NAFLD % NASH s e Lic v,

NAFLD % NASH \Z3f T 23 HEEL LCiE, ¥4I VERE Y IV C R EOHEBILER,
WIFFFRVA—=NVE RVZVEFRAT7FINAY) v EORFREFHNPHAONLLESD H
58 RANASHIZH LTIEA MRV VRF 7YY I UHFELRREDL VR ikt
PHEHEN TS, F4I1ZPBHO NASH ° NAFLD 1264 2 E# 2R3, FLIZERER TS
HBOFR)LYRAT 7 FINA) Y ORTHDLEIERYETSL, METRIEFIVERA L
BNV I VHPERENDHEDNE L, e d T2DMICEBE L7 NAFLD 1A MRV I Y SER L7
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6. BERSAT - JE7 )L 0—)LIkRRRGIEATRES

5 J\EHA NAFLD - NASH DEtEsE

- X RRILEY XJbE 8 (188 200mg) 2~38% 5 2~3
CFHVTYUEER FoNAgE (18 15mg) T~28 1

 EFY=VE C NS (148 50mg) 3I~68 7 2~3
B9z C 2—)UEEE%Es (18 200mg) 3~98 H1~3
IV FAE T—)UEE ©ILVEE (182 100mg) 3~68 93
 RUIVRZZ7FI)3UY  EPLATEIL (1Cap 250mg) 3~68 93
KEHTR VY LSRR T 2B 759 4 2~3 B

BIZREERL TV AHD, A MRV YOFHMEICET 5 KABEEERRBREBHERITH TH 5.

LI

FL &, NEREmICLAONLEIIETHSH. NAFLD X, A4 K vy Fu—L0fFkE
EREL TV EPEET, —HIT/NEH» S NASH CHEZ BT T2 -0 FRIIEBCEL
W,

HFED NAFND - NASH Z#E O MBS IZ, NASH ZW 0722 F i e AL DI A ANz 2
WZ R, KEREFRAERICENT T SNTBNRBREPHL NI o TR RnI ETH 5.
BAKTIE, NASH - NAFLD ORKE R ABEHRP A SR v 72 Y FO—AZD b DDOFFHRHEN
ELOTEERILEREFELLRON, A¥RY v 7Ty Fu—-20FEEEL A LIERmEE IS
ZIFEEDFH T 56Tk, NASH OFESCETELMMET 27 DIIHEREZEZERTRETH A,

W3R 1) Adler M, Schaffner F. Fatty liver hepatitis and cirrhosis in obese patients. Am ] Med. 1979; 67: 811-6.
2) Ludwig J, Viggiano TR, McGill DB, et al. “Nonalcoholic steatohepatitis: Mayo Clinic experiences with a
hitherto unnamed disease”. Mayo Clin Proc. 1980; 55: 434-8.
3) Tominaga K, Kurata JH, Chen YK, et al. Prevalence of fatty liver in Japanese children and relationship to
obesity. An epidemiological ultrasonographic survey. Dog Dis Sci. 1995: 40: 2002-9.
4) Tazawa Y, Noguchi H, Nishinomiya F, et al. Serum alanine aminotransferase activity in obese children. Acta
Paediatr. 1997; 86: 238-41.
5) Kinugasa A, Tsunamoto K, Furukawa N, et al. Fatty liver and its fibrous changes found in simple obesity of
children. ] Pediatr Gastroenterol Nutr. 1984; 3: 408-14.
6) ¥ o, I B, R M NEORRIFERFLORE. NBREZE. 2007, 69: 945-9.
7). Day CP, James OF. Steatohepatitis: a tale of two “hits”? Gastroenterology. 1998; 114: 842-5.
8) Nobili V, Marcellini M, Marchesini G, et.al. Intrauterine growth retardation, insulin resistance, and
nonalcoholic fatty liver disease in children. Diabetes Care. 2007; 30: 2638-40.
9) B tE SRBIE - B RE nn MEHME K I{braFLdolm KB xkHFEE
2008. .120-6.
10) AE 8 BA % fiEEr, . MRS NASH 25ET 4. BRTERE. 2005 93: 2134-7.
11) /NBEE—RR, ERER. JEIFIFE 228059 O, BT & EE. 2005, 93: 2100-4.
12) Lavine JE, Schwimmer JB. Nonalcoholic fatty liver disease in the pediatric population. Clin Liver Dis. 2004; 8:

549-58.
13) B XE. JREAFF. NASH In KERE, i, & S HO/NEEERS. B0 Ri: EFER 2012
p453-5. '

14) Lavine JE, Schwimmer JB. Clinical research network launches TONIC: trial for treatment of non alcoholic
fatty liver disease in children. ] Pediatr Gastroenterol Nutr. 2006; 42: 129-30.
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B OM(CERS, BHEE 453

gﬁEﬁ B |EREAEERREEERR - NERE

& fRRE
NEOFRETLEEOERE E LT, FNKE
1%, JEERRSHEE, FFAPRM D o WiE, AU

MR, SREIFRMESEY D 5. FEiEICIX

PR EEY SV, EEFIRE? D O

T, BECEREINSLZ ENEW. FEE

TIEEE% Y o M .44, Budd-Chiari

Sy F=-F7 V) )EGEHR E1H 5.

& REAR
B aEBRED S oL, MREEEITTEICHE

3 PLILERIRA R KK 5 16, THAFE

EThbH. EHBEE, BEFELCT, BE

BERRERE R &R 2T, EEEE

EHET 5.

%%m@mmmﬁﬁ
EE&)S/? BRERATITVRDD

) U2 20 mL/kg B EEEHET . &
gkwm, BFa—THAICLLBHEZTT

D

2. BBlpEEMmMOiEm Sengstaken-Blake-

more tube # AT 5. BEENIV— VER

30~40mmHg & L, FBIZX2BHZE <
72, BiEIR I8~24 DAL ED D,
Hi I EB A7 D PR SR B IR AE ST S W RE T dH
MWIZFTFS . HiEEsE: LT H, 28 REIEL
A, BERESHIMAME, FrEEss
%%ﬁmﬁl’&é.
1)%X?“&jh@&ylﬁﬁk%my
H) 20mg 24HARET W
ML, B %E%éwu%%GFA
LCAHEE
F?ﬂ)ﬁmbxb?ﬁ,& g4, FEJHJTEF %’.’TH’Z) 728

BBV TLY Y 2)H’ET A,

2> €k Ly (20 Bfi/mL) 5% 7 F7 -
BEHE 100 mL (2R L C 0.01 Urkg/s7
CHEGRHE

— 152 —

BE5hEmEETICEEL, ILE, L&
M, REOE=F—%21T9. FFILEETICX
LIFREEORTENELICOERL, BE -
KIEERE A 2 HIRT 3 5.

& BlRED S OISR
C NESENHIREE LEENEE I NS, T
BEEREISEE TR T, &E RN,

v MR EDBERINDG D, HEBED
TR E WA, BEMIET 235
2RI, ‘
(@ JEHEETTENE

FFRREMT~ D% *ﬂ?ﬁf BRYGE ST D B
720, MR Z L, SoMEREIRERE
Er ERBERENS.

B FF 4 PIARETTERE _

IR Y ES A S 5 VIR
DEIREEE CIXTBHEOER & 72 5.

| B KB #ILLERER - NEHER

& fRiR

FERA R RG2S BRI ERE L - IRE 2
PRRGRF & HEOF, SKIEEER 2 VWOIZT VI —
VR E I L - IR BRI RA R T
)% F5 7 N 3 — VP RR DB & (nonalco-
holic fatty liver disease : NAFLD) & v 9.
NAFLD %, B8 B5 i (simple steato-
sis 1 SS) & KIE - ML S FET V-V
P e B BF 4% (nonalcoholic steatohepatitis :
NASH) IZ KB &, NASH O —EBIZFFAEZLE
Z#EITT A, NRICD NAFLD IZFEL
% DENIERCERT S, L, K
BRfULEIREEICEI DD 5.
= R

NAFLD @R & L T two hit theory 75%
BENTW5D, BREPERAHEEIIL T
SS A3 U (first hit), FKIEEY A b AL VR
AL A+ L A7 £ second hit & & o T
NASHICEL EZZ2OLNTW5




454 B OHtRRD, BERER

BT

E R W CIRITIT 2 Re 5 2 F R4S Y,
o4 LRSS TR, RS,
LT — VR T AR S LA 2
JREY NAFLD & 28§ 4. SS & NASH 0
B FFE RN T, RHEHRI % o
B L ORFIRERI I TAER AT .

o st

FEG 2 HE D BB R ELT 5. &F
EEPREA R 24120 2 RUBE IR & ORI 1
HYRESZERET 5. /AR NASH 126§
5EYFEDLE T ¥ AT 5 TRV,
PR LEIER E T2 MENE V. FBIID
UC T IERE kIR T ROMAT.
Zmse JEE I PE S NAFLD Qi Tt ¥
F & RIS CTHEEAV 5.

(FuERALE)

BAE— BERTI\EEStYS— - RODERNE

s

L AFO— VERZBETAOI L X T
O—VOBEFMICEVAEL, FEI VAT
o—, EE, CUVEY, REBETERS
A, EUIVE VERIEMREREEICHE

AT ENL L, BEATDRIEADOR 3% %
H, i) o WmeHEREICHEL, B
LD EFICTEE SRV, HIZEEN R
FEL, BUHEELCIEREZ &7, ;1
BEORETCARBEELZREZ L, HEREL
LHEIE, TR Z & 723, A ICH
s, BERA, BER, BT -
AUEEATERL) L. COEMPIFEELE
MR, Wilson (7 4 VY V)¥K, 7+
U7 ¥V OEMERS, Rett(Ly MiER
BODBRBRERIC, oVATFTu— VAT
A, EBTIERRER Y u— 1, FEREGE
fE, AV REHIEIIHE) LD 5,
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Significant Associations Among Hemostatic
Parameters, Adipokines, and Components of

the Metabolic Syndrome in Japanese Preschool
Children
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Masao Yoshinaga, MD, PhD?, Yoshiaki Kato, MD',
Hideto Takahashi, PhD?, and Ryo Sumazaki, MD, PhD'

Abstract

Development of cardiovascular diseases could originate in early childhood. However, reference values of hemostatic para-
meters and adipokines in preschool children remain to be explored. We measured blood levels of adipokines and parameters
of the hemostatic/fibrinolytic systems in 167 healthy children aged 4 to 6 years at 9:00 to 10:30 am after a strictly enforced
overnight fast. Participants with body mass index (BMI) values >90th percentile had significantly higher values of systolic blood
pressure and heart rate, as well as blood levels of insulin, coagulation factor (F) VI, FX, protein S, leptin, and homeostasis
model assessment of insulin resistance (HOMA-IR), and lower values of desacyl-ghrelin than children with BMI < 90th per-
centile. Circulating levels of fibrinogen and leptin increased with increased number of cardiovascular risk factors. Stepwise
regression analysis identified many hematological variables to be associated with features of the metabolic syndrome. The
results implicated the hemostatic/fibrinolytic system or adipokines in the insidious progression of cardiovascular diseases from

an early age.

Keywords

cardiovascular risk factor, children, coagulation, fibrinolysis, metabolic syndrome

Cardiovascular disease is the main cause of death worldwide.
The development of cardiovascular diseases is multifactorial,
including a possible association with the metabolic syndrome.
The metabolic syndrome is defined by a constellation of clini-
cal features including visceral or central obesity, insulin resis-
tance, high blood pressure, high triglycerides (TGs), and low
high-density lipoprotein cholesterol (HDL-C). However, the
correlation among the diagnostic criteria for metabolic syn-
drome in the pediatric age group and future cardiovascular dis-
ease developing in adulthood remains to be investigated,”
despite the prevailing concept that lifestyle-related diseases
sometimes originate in childhood.? The early stage of arterio-
sclerosis can be detected by increased carotid intima-media
thickness, and this early marker of arteriosclerosis in childhood
is associated with fluctuation of some hematological vari-
ables.* The prevalence of obesity in children has been increas-
ing over the last 20 years in Japan as in all Western countries.>
The incidence of the metabolic syndrome in Japanese over-
weight children is comparable to that in US overweight chil-
dren, and the critical period for the development of obesity is
between 5 and 6 years of age.>’ Establishing hematological
reference values for metabolic syndrome in preschool children

would therefore be useful in the overall assessment of the
potential effects of intervention.

The hemostatic and fibrinolytic systems as well as adipo-
kines have been implicated in the development of metabolic
syndrome,®'? although such variables are not included in the
diagnostic criteria of the syndrome. While the developmental
changes in the hemostatic/fibrinolytic systems during child-
hood have been studied,'>” the available data are mostly for
Western children; this is important because the metabolic

! Department of Child Health, Graduate School of Comprehensive Human
Sciences, University of Tsukuba, Tsukuba, Ibaraki, Japan

2 Kogakkan University, Ise, Mie, Japan

3 Department of Pediatrics, National Hospital Organization Kagoshima Medi-
cal Center, Kagoshima, Japan

* Department of Epidemiology and Biostatistics, Graduate School of Com-
prehensive Human Sciences, University of Tsukuba, Tsukuba, Ibaraki, Japan

Corresponding Author:

Hitoshi Horigome, Department of Child Health, Graduate School of Com-
prehensive Human Sciences, University of Tsukuba, Tsukuba, Ibaraki 305-8575,
Japan

Email: hhorigom@md.tsukuba.ac.jp

Downloaded from cat.sagepub.com by guest on May 16, 2013

— 155 —



190

Clinical and Applied Thrombosis/Hemostasis 18(2)

syndrome-related parameters such as insulin resistance show
race differences.'® A full assessment of these variables and any
association with the metabolic syndrome criteria remain to be
investigated, partly due to the difficulty in morning blood sam-
pling in young children. This study was designed to establish
reference values for hemostatic/fibrinolytic variables and adi-
pokines in Japanese preschool children after strict fasting and
to determine any relationships with the components of meta-
bolic syndrome.

Methods
Participants

The study comprised 167 preschool children, aged 5 to 6 years
(females, 85), who attended kindergarten in Yokohama City or
Kagoshima City. Children showing illness at examination
including common cold or had history of significant disease
were excluded from the study. The Ethics Committee of
Human Research of Tsukuba University Hospital approved the
study protocol in advance. In addition, parents of the partici-
pants attended an instruction lecture about the importance of
prevention of metabolic syndrome from early childhood before
the commencement of the study. Written informed consent was
subsequently obtained from the parents.

Anthropometric and Biometric Assessment

Height and weight were measured using standard methods
(TTM-HV; TSUTSUMI Co, Kyoto, and DC-320; TANITA
Co, Tokyo, Japan), and the body mass index (BMI) was calcu-
lated as weight in kilograms divided by height in meter square.
Blood pressure and heart rate were measured 3 times using an
automated oscillatory system (TM-2571; A&D Co, Tokyo),
between 9 and 10:30 awm, after the participants had rested for
at least 10 minutes in a seated position; the reported values
represent the average of the second and third measurements.

Blood Sampling and Laboratory Analyses

Blood samples were collected from the antecubital vein in the
morning (between 9 and 10:30 am) after an overnight fast
(except for water) and after at least a 15-minute rest immedi-
ately before sampling. Parents were required to restrict their
children from taking meals or any sugar-containing liquids
overnight. Children who consumed food before blood sampling
were excluded from the study. The sample was drawn into 3
polypropylene tubes: 1 for serum collection to measure bio-
chemical parameters, adipokines, and soluble thrombomodulin
(sTM); 1 containing fluorescein Na, EDTA 2Na, and heparin
Na to measure fasting plasma glucose; and 1 containing 1/10
volume of 3.13% sodium citrate to measure the hemostatic/
fibrinolytic parameters. The parameters measured in this study
are listed in Table 1. The latter 2 tubes were centrifuged, with
the resultant plasma samples frozen immediately and then
stored at —80°C until assayed. The homeostasis model assess-
ment of insulin resistance (HOMA-IR) represented the product

of fasting plasma glucose (mmol/L) and insulin (uIU/mL) lev-
els divided by a constant value of 22.5.

Alanine aminotransferase (ALT), uric acid, TG, total choles-
terol, HDL-C, low-density lipoprotein cholesterol (LDL-C),
fibrinogen, insulin, high-sensitivity C reactive protein (hs-
CRP), and fasting plasma glucose were measured by standard
automated methods using the appropriate devices (JEOL, Sys-
mex, Mitsubishi Chemical Medience, Fujirebio, and Siemens
Healthcare Diagnostics, Japan). The sTM was measured by
enzyme immunoassay ([EIA]; Molecular Devices, Japan); lep-
tin by radioimmunoassay ([RIA]; Aloka, Japan); desacyl-
ghrelin, adiponectin, and resistin by enzyme-linked immunosor-
bant assay ([ELISA]; Mitsubishi Chemical Medience, Otsuka
Pharmaceutical Co, and BioVender Laboratory Medicine,
Japan). Coagulation factor (F) VII, FVIII, and FX were mea-
sured by clotting time methods, and von Willebrand factor
(vWF) was assayed by the fixed platelet agglutination method
(Siemens Healthcare Diagnostics). Protein C antigen, free pro-
tein S antigen, and plasminogen activator inhibitor 1 (PAI-1)
in a complex with tissue plasminogen activator 1 (tPA-PAI-1
complex) were assayed by latex photometric immunoassay
(Mitsubishi Chemical Medience and JEOL).

Data Analysis

All continuous variables were expressed as mean + standard
deviation (SD), with the 5th, 10th, 50th, 90th, and 95th percen-
tile values calculated for each parameter. Logarithms of the
values were also calculated for hs-CRP. The number of data
was different among parameters (maximum 167 and minimum
108; see Table 1) because the specimen volume was insuffi-
cient to allow all measurements in some children, who needed
to be resampled but refused.

The study cohort was divided into 2 groups: those with <90th
percentile values of BMI and those with >90th percentile. Each
continuous variable was compared between the 2 groups using the
Student ¢ test. Participants were then assigned to subgroups based
on the number of the following cardiovascular risk factors: (1)
BMI > 90th percentile, (2) blood pressure (systolic or diastolic
or both) >90th percentile, (3) plasma glucose level > 90th per-
centile, (4) TG > 90th percentile, and (5) HDL-C < 10th percen-
tile. The hematological parameters were then compared among
the subgroups using analysis of variance (ANOVA) followed
by a Tukey—Kramer-type multiple comparisons.

The relationships between the hemostatic/fibrinolytic para-
meters or adipokines and the components of the metabolic syn-
drome were tested by simple linear regression model, and
significant variables were then subjected to stepwise linear
regression analysis to identify independent predictors of the
metabolic syndrome. A P value less than .05 was considered
statistically significant.

Results

Table 1 details the anthropometric, biometric, and hematologi-
cal data for all participants. Analysis of differences in various
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Table I. Measured Variables®

n Mean 4+ SD Minimum Maximum 5 10 50 90 95
Age, years 165 59 + 06 42 6.9 4.58 5.14 5.96 6.46 6.67
Height, cm 167 112 + 5.9 100 125.8 101.94 104.32 112.6 120 122.84
Weight, kg 167 19.1 + 3.1 14 324 |5.14 16.08 18.7 23.12 26.12
BMI, kg/m2 167 I5.1 + 1.5 12.5 21.9 12.95 13.33 14.98 16.77 17.85
Systolic BP, mm Hg 164 954 + 80 78 117 8l 86 95 107.17 109
Diastolic BP, mm Hg 164 56.1 + 9.2 36 82 42 44 54 68 72
Insulin, plU/mL 165 2.88 + 1.69 0.3 9.69 1.032 1.27 2.5 4922 6.213
FPG, mg/dL 165 862 + 7.6 60 106 74 77 86 96 98
TC, mg/dL 165 1714 4+ 239 120 251 131.3 138 170 202 209.7
HDL-C, mg/dL 165 62.1 + 12.6 33 92 42.3 46 6l 79 84
LDL-C, mg/dL 165 102.8 + 9.7 36 166 75 79.2 101 129.8 135
TG, mg/dL 165 446 + 212 18 141 21 24.6 40 72.4 80.7
ALT, IU/L 165 132 + 49 6 53 9 9 12 18 20
UA, mg/dL 165 4.16 + 0.63 2.6 5.8 3.2 34 4.2 5.1 5.3
sTM, FU/mL 120 3.1 4+ 055 2 4.9 2.3 2.5 3.1 3.89 429
Fbg, mg/dL 122 255.2 + 58.0 105 455 189 204 239 3322 383.95
FVIl, % 158 90.1 + 103 49 116 72 76 91.5 101 105.05
FVIIL, % 115 1042 + 237 51 177 61.8 73 102 137.4 147 .4
FX, % 158 959 + 1.1 68 128 78.95 83 95 113 119
vWEF, % 115 922 4 27.7 53 187 57.8 61.6 86 133.8 151
Protein C, % 158 87.0 + 147 46 144 65.95 70 86 107.2 115.1
Protein S, % 115 859 + 158 44 125 61.8 66.6 83 108.8 117.2
PAI-1, ng/mL 158 280 + 189 10 137 I 13 22 51.3 60.25
Ghrelin, fmol/mL 115 47.8 + 36.6 13 182 13 13 4] 102 116
Adiponectin, pg/mL 162 154 + 5.1 3.1 36.1 7.95 9.19 15 22.07 24.29
Leptin, ng/mL 163 2.23 + 1.6l 0.9 16.4 [.1 1.2 1.9 4 496
hs-CRP, ng/mL 152 1477 + 3478 I 23600 50 593 339 3253 6261.5
Ln hs-CRP 152 595 + 1.52 2.40 10.07 391 4.08 5.83 8.09 8.74
Resistin, ng/mL 108 450 + 2.54 | 12.4 1.8 2 3.7 8.3 10.22
HOMA-IR 165 0.63 + 040 0.07 2.37 0.21 0.24 0.52 1.15 1.40

Abbreviations: BMI, body mass index; BP, blood pressure; Fbg, fibrinogen; FPG, fasting plasma glucose; FVII, factor VII; FVIII, factor VIIl; FX, factor X; TC, total
cholesterol; hs-CRP, high-sensitivity C reactive protein; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PAI-1, plasmi-
nogen activator inhibitor |; sTM, soluble thrombomodulin; TG, triglyceride; UA, uric acid; vWF, von Willebrand factor.

? Data are mean = standard deviation (SD), minimum, maximum values, and 5th, 10th, 50th, 90th, 95th percentiles.

parameters between children with BMI < 90th percentile
(n = 149) and those with BMI >/= 90th percentile (n = 18)
showed that systolic blood pressure (92.9 + 9.4 vs 103.8 +
9.5 mm Hg, P < .001), diastolic blood pressure (55.2 + 10.5
vs 61.7 + 11.4 mm Hg, P = .017), heart rate (95.1 + 14.5
vs 102 4+ 9.5 bpm, P = .048), insulin (2.7 + 1.4 vs 4.8 +
2.6 WIU/mL, P = .004), FVII (89.6 + 10.6 vs 94.1 + 6.6,
P =.021), FX (95 + 10.8 vs 103.2 + 11.6, P = .004), protein
S (84.8 + 15.1 vs 93.9 + 19.8, P = .021), ghrelin (49.2 +
37.7 vs 33.6 £+ 19.3 fmol/mL, P = .018), leptin (2 + 0.84
vs 4.5 + 3.6 ng/mL, P = .01), and HOMA-IR (0.57 + 0.32
vs 1.17 + 0.64, P = .003) were significantly different. The
other hematological parameters were not different between the
2 groups.

Among all participants, no, 1, and 2 cardiovascular risk fac-
tors (pertaining BMI, blood pressure, plasma glucose, TG, and
HDL-C) were observed in 96 (58.5%), 44 (26.8%), and 24
(14.6%) cases, respectively. None had 3 or more risk factors.
Blood levels of fibrinogen and leptin in participants with 2 or
1 risk factors were significantly higher than in those with no
cardiovascular risk factors (Figure 1). The other parameters

showed no significant association with the number of cardi-
ovascular risk factors.

Stepwise regression analysis identified ALT, uric acid, fibri-
nogen, FVIIL, FX, vWF, protein C, protein S, PAI-1, and leptin
levels as significant independent risk factors for the metabolic
syndrome (Table 2).

Discussion

The present study demonstrated that many hemostatic/fibrino-
lytic parameters and adipokines, as well as ALT and uric acid,
are associated with the components of the metabolic syndrome,
even in healthy preschool children. The mean BMI in this study
group was 15.1 + 1.5 kg/m” with a maximum value of 21.9.
Based on the cutoff value of BMI for obesity in preschool chil-
dren reported in our recent work,’ only 10 children were judged
overweight in this study, indicating that the study population
could be considered a healthy one.”® Specifically, blood levels
of FVII, FX, protein S, and leptin were higher in children with
BMI > 90th percentile, and that of ghrelin was lower, compared
to the other group. Stepwise regression analysis identified blood
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Figure I. Comparison of various parameters among the 3 groups with no, |, or 2 cardiovascular risk factors. Blood levels of fibrinogen (A) and
leptin (B) were significantly higher in the group with 2 risk factors than in those with none or | risk factors. Data are expressed as mean +

standard error of the mean (SEM).

Table 2. Variables Independently Associated With Components of the Metabolic Syndrome.

Dependent Variable Independent Variable Parameter Estimate Standard Error P Value
ALT FPG —0.153 0.047 .002
Systolic BP 0.092 0.043 .034
UA FPG —0.022 0.009 .025
BMI 0.131 0.054 .033
Fibrinogen FPG 2.01 0.936 .035
Fvil BMI 4.558 1.707 .009
FX TG 0.174 0.068 013
VWF insulin 5.955 2.264 011
Protein C Diastolic BP 0.28 0.157 017
TG 0.236 0.083 .025
Protein S TG 0361 0.089 .0001
PAI-1 FPG 0.689 0.244 .002
Leptin BMI 0.371 0.086 <.0001
insulin 0.36 0.078 <.0001

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; FVIII, factor VIII; FX, factor X; h-CRP, PAI-1,
plasminogen activator inhibitor I; TG, triglyceride; UA, uric acid; vWF, von Willebrand factor.

levels of fibrinogen (Fbg), FVIII, FX, vWE, protein C, protein S,
and PAI-1 were determined by 1 or 2 components of the meta-
bolic syndrome, although the independent components related
to each dependent variable varied. Furthermore, children who
had one or more known cardiovascular risk factors had signifi-
cantly higher values of fibrinogen and leptin than those with
no risk factors. These results lend support to the notion that
hemostatic/fibrinolytic parameters or substances secreted by
adipose tissues are associated with the development of meta-
bolic syndrome in early childhood.

Several parameters involved in blood coagulation and
fibrinolysis systems are known predictors of cardiovascular

diseases.”!®172° These include fibrinogen, tissue factor (TF),
FVII, FVIIL, FX, vWF, protein C, sTM, PAI-1, and leptin.
Among them, PAI-1 and leptin have recently attracted much
interest because they are secreted by adipose tissue and their
blood levels correlate with obesity and the amount of visceral
fat mass. Both PAI-1 and leptin levels are also related to each
other independent of the fat mass,'® and both are recognized as
cardiovascular risk factors.>** In the present study, PAI-1 was
significantly associated with fasting plasma glucose, while
leptin showed a strong relationship with BMI and fasting insu-
lin levels, suggesting the association with insulin resistance.
Increased PAI-1 levels is currently considered a true component
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of the metabolic syndrome, through which the risk of devel-
opment of cardiovascular disease increases.* In the present
study, PAI-1 and leptin levels were associated with features
of the metabolic syndrome, indicating that the above-
mentioned association is valid even in preschool children.
Desacyl-ghrelin is another adipokine considered to lower car-
diovascular risk through the activation of endothelial nitric
oxide synthase.*> Participants with high BMI in the present
study had low ghrelin levels. Furthermore, serum concentra-
tions of uric acid increase in proportion with leptin®® and uric
acid is also strongly associated with several components of
the metabolic syndrome,”’ tendencies that were reproduced
in the present study. Increased adipose tissue, and progression
of the metabolic syndrome, have also been associated with
increases in other indicators of prothrombotic activity such
as increased plasma levels of fibrinogen, vWF, FVII, FVIII,
and FX.'*2* These changes were also observed in the present
study.

Fibrinogen is both a procoagulant factor and an activator
of inflammation, thus a typical cardiovascular risk factor.?®
The present study indicated that even in children, fibrinogen
levels increased with BMI and with the number of cardiovascu-
lar risk factors. Increased fibrinogen has been associated with
impaired activation of protein C,” which is interesting because
thrombin binds to both fibrinogen and TM through a common
region. In addition, thrombin is a procoagulant when bound to
fibrinogen but exerts potent anticoagulant activity through the
activation of protein C when it binds to TM on the cell surface.
It is therefore conceivable that fibrinogen levels influence
serum levels of sTM and that increased sTM in the circulation
is related to a decrease in cardiovascular complications.*® The
present study demonstrated a significant association between
protein C/S levels and certain components of the metabolic
syndrome (TG and blood pressure). Previous studies on obese
adults also showed increased activated protein C levels and
their decrease after weight loss.>! Protein S also exerts anticoa-
gulant activity usually as a cofactor of protein C but also
through the stimulation of TF pathway inhibitor.>* However,
sTM did not show any significant correlations with such meta-
bolic syndrome-related parameters in this study. This might be
due to the small number of participants analyzed and/or obese
children.

Our study also presented clinically significant reference val-
ues for metabolic syndrome- or overweight-related variables in
healthy preschool children, including those involved in hemos-
tasis and fibrinolysis systems. Some of these values such as
developmental changes from infancy to adolescence were
reported prcevi()usly,13"15 although these studies did not specify
the time of blood sampling or whether fasting was applied.
Some parameters, especially those related to fibrinolysis, are
significantly influenced by circadian oscillation; for instance,
PAI-1 activity peaks in the morming.>®> Our results obtained
in the morning after strict fasting are therefore important for
future research and could be useful for the establishment of
diagnostic criteria or prevention strategies for the metabolic
syndrome in Japanese children.

Study Limitations

The numbers of participants analyzed and that of obese chil-
dren were relatively small in this study. The results should be
useful to provide reference values for hemostatic/fibrinolytic
parameters and adipokines in Japanese preschool children. Fur-
ther studies are needed to confirm how the abnormalities
observed herein in those parameters could be implicated in
later-life development of cardiovascular diseases.

Conclusions

The present study demonstrated that, even in preschool chil-
dren, many hemostatic/fibrinolytic or adipose tissue-related
variables show significant associations with the components
of the metabolic syndrome, implicating a role for these systems
in the insidious progression of cardiovascular diseases from
early age.

Acknowledgments
The authors are grateful to the Directors and staff of the Himawari
Kindergarten, Yokohama, and the Kinjoh Kindergarten, Kagoshima,
for their contribution in the survey. We are also grateful to SRL Inc,
Tokyo, Japan, for the help in measuring some of the hematological
parameters in this study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: supported
in part by a grant-in-aid from the Japanese Ministry of Health, Labor
and Welfare (Comprehensive Research on Cardiovascular and Life-
style Related Disease, H18-049). The authors have no further financial
or corporate involvement to disclose.

References

1. Gami AS, Witt BJ, Howard DE, et al. Metabolic syndrome and
risk of incident cardiovascular events and death. J Am Coll Cardiol.
2007;49(4):403-414.

2. Saland JM. Update on the metabolic syndrome in children. Curr
Opin Pediatr. 2007;19(2):183-191.

3. Berenson GS, Srinivasan SR, Bao W, Newman WP III, Tracy RE,
Wattigney WA. Associations between multiple cardiovascular
risk factors and atherosclerosis in children and young adults. The
Bogalusa Heart Study. N Engl J Med. 1998;338(23):1650-1656.

4. Beauloye V, Zech F, Tran HT, Clapuyt P, Maes M, Brichard SM.
Determinants of early atherosclerosis in obese children and
adolescents. J Clin Endocrinol Metab. 2007;92(8):3025-3032.

5. de Onis M, Bldssner M, Borghi E. Global prevalence and trends
of overweight and obesity among preschool children. Am J Clin
Nutr. 2010;92(5):1257-1264.

6. Kouda K, Nakamura H, Nishio N, Fujita Y, Takeuchi H, Tki M.
Trends in body mass index, blood pressure, and serum lipids in

Downloaded from cat.sagepub.com by guest on May 16, 2013

— 159 —



194

Clinical and Applied Thrombosis/Hemostasis 18(2)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Japanese children: Iwata population-based ammual screening
(1993-2008). J Epidemiol. 2010;20(3):212-218.

. Yoshinaga M, Ichiki T, Tanaka Y, et al. Prevalence of childhood

obesity from 1978 to 2007 in Japan. Pediatr Int. 2010;52(2):
213-217.

. Yoshinaga M, Tanaka S, Shimago A, et al. Metabolic syndrome in

overweight and obese Japanese children. Obes Res. 2005;13(7):
1135-1140.

. Alessi MC, Juhan-Vague 1. Metabolic syndrome, haemostasis and

thrombosis. Thromb Haemost. 2008;99(6):995-1000.

Aleksic N, Wang YW, Ahn C, Juneja HS, Folsom AR, Wu KK.
Assessment of coronary heart disease risk by combined analysis
of coagulation factors. Atherosclerosis. 2008;198(2):294-300.
Beauloye V, Zech F, Tran HT, Clapuyt P, Maes M, Brichard SM.
Determinants of early atherosclerosis in obese children and ado-
lescents. J Clin Endocrinol Metab. 2007;92(8):3025-3032.
Gilardini L, McTernan PG, Girola A, et al. Adiponectin is a can-
didate marker of metabolic syndrome in obese children and ado-
lescents. Atherosclerosis. 2006;189(2):401-407.

Andrew M, Vegh P, Johnston M, Bowker J, Ofosu F, Mitchell L.
Maturation of the hemostatic system during childhood. Blood.
1992;80(8):1998-2005.

Monagle P, Barnes C, Ignjatovic V, et al. Developmental haemos-
tasis. Impact for clinical haemostasis laboratories. Thromb Hae-
most. 2006;95(2):362-372.

Kuhle S, Male C, Mitchell L. Developmental hemostasis: pro-and
anticoagulant systems during childhood. Semin Thromb Hemost.
2003;29(4):329-338.

Bacha F, Saad R, Gungor N, Janosky J, Arslanian SA. Obesity,
regional fat distribution, and syndrome X in obese black versus
white adolescents: race differential in diabetogenic and athero-
genic risk factors. J Clin Endocrinol Metab. 2003;83(6):
2534-2540.

Woodward M, Rumley A, Welsh P, Macmahon S, Lowe G. A
comparison of the associations between seven hemostatic of
inflammatory variables and coronary heart disease. J Thromb
Haemost. 2007;5(9):1795-1800. ;

Mertens 1, Considine RV, van der Planken M, van Gaal LF.
Hemostasis and fibrinolysis in non-diabetic overweight and obese
men and women., Is there still a role for leptin? Eur J Endocrinol.
2006;155(3):477-484.

Mertens I, Van Gaal LF. Obesity, haemostasis and the fibrinolytic
system. Obes Rev. 2002;3(2):85-101.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Palomo I, Alarcon M, Moore-Carrasco R, Argilés JM. Hemostasis
alterations in metabolic syndrome (review). Int J Mol Med. 2006;
18(5):969-974.

Kohler HP, Grant PJ. Plasminogen-activator inhibitor type 1 and
coronary artery disease. N Engl J Med. 2000;342(24):1792-1801.
Wannamethee SG, Tchernova J, Whincup P, et al. Plasma leptin:
associations with metabolic, inflammatory and haemostatic risk
factors for cardiovascular disease. Atherosclerosis. 2007;191(2):
418-426.

Sudi KM, Gallistl S, Weinhandl G, Muntean W, Borkenstein MH.
Relationship between plasminogen activator inhibitor-1 antigen,
leptin, and fat mass in obese children and adolescents. Metabo-
lism. 2000;49(7):890-895.

Alessi MC, Juhan-Vague 1. PAI-1 and metabolic syndrome.
Links, causes, and consequences. Arterioscler Thromb Vasc Biol.
2006;26(10):2200-2207.

Xu X, Jhn BS, Ha CH, Jin ZG. Molecular mechanisms of
ghrelin-mediated endothelial nitric oxide synthase activation.
Endocrinology. 2008;149(8):4183-4192.

Fruehwald-Shultes B, Peters A, Kern W, Beyer J, Pfutzner A.
Serum leptin is associated with serum uric acid concentration in
humans. Metabolism. 1999;48(6):677-680.

Ford ES, Li C, Cook S, Choi HK. Serum concentration of uric
acid and the metabolic syndrome among US children and adoles-
cents. Circulation. 2007;115(19):2526-2532.

Emst E, Resch KL. Fibrinogen as a cardiovascular risk factor: a
meta-analysis and review of the literature. Ann Int Med. 1993;
118(12):956-963.

Diez N, Montes R, Alonso A, et al. Association of increased fibri-
nogen concentration with impaired activation of anticoagulant
protein C. J Thromb Haemost. 2006;4(2):398-402.

Wu KK, Aleksic N, Ballantyne CM, Abhn C, Juneja H,
Boerwinkle E. Interaction between soluble thrombomodulin and
intercellular adhesion molecule-1 in predicting risk of coronary
heart disease. Circulation. 2003;107(13):1729-1732.

Sola E, Navarro S, Medina P, et al. Activated protein C levels in obe-
sity and weight loss influence. Thromb Res. 2009;123(5):697-700.

Rosing J, Maurissen LF, Tchaikovski SN, Tans G, Hackeng TM.
Protein S is a cofactor for tissue factor pathway inhibitor. Thromb
Res. 2008;122(supp! 1):S60-S63.

Maemura K, Takeda N, Nagai R. Circadian rhythm in the CNS
and peripheral clock disorders: role of the biological clock in car-
diovascular diseases. J Pharmacol Sci. 2007;103(2):134-138.

Downloaded from cat.sagepub.com by guest on May 16, 2013

— 160 —



1102 Journal of Atherosclerosis and Thrombosis Vol.19, No.12

Original Article

Association of Changes in Body Fatness and Fatty Acid Composition
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Aims: Plasma fatty acid composition can change with age, reflecting diet and levels of desaturating
enzymes such as stearoyl-CoA desaturase (SCD), delta-6 desaturase (D6D) and delta-5 desaturase
(D5D), which contribute to the development of insulin resistance. This study analyzed longitudinal
changes in fatty acid composition in Japanese children during early puberty and the association
between changes in desaturase indices and changes in body fatness and insulin resistance.

Methods: The study included 77 children (38 boys and 39 girls) aged 9.6+ 0.5 years. Relative weight
(RW) and waist-to-height ratio (WHtR) were determined. The fatty acid composition of plasma
phospholipids was analyzed by gas chromatography, and the desaturase indices were calculated: SCD
(16:1n-7/16:0: SCD16 and 18:1n-9/18:0: SCD18), D6D (20:3n-6/18:2n-6) and D5D
(20:4n-6/20:3n-6) in 2006 and 2009.

Results: Obese children showed higher dihomo-gamma linolenic acid (DGLA; 20:3n-6), a higher
D6D index and lower D5D index than non-obese children. Longitudinal changes in fatty acid com-
position were generally similar in both sexes. Increased D6D index and DGLA and decreased D5D
index were significantly associated with increased WHtR in boys and girls. In addition, increased
DG6D index was associated with an increased homeostasis model of assessment ratio (HOMA-R) only
in girls.

Conclusion: The change in abdominal adiposity is a determinant of longitudinal changes in D6D
and D5D indices and DGLA during early puberty.

J Atheroscler Thromb, 2012; 19:1102-1109.
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Introduction

Childhood obesity is a worldwide epidemic and
the consequences include increased obesity-related dis-
eases such as metabolic syndrome and type 2 diabe-
tes™ 2., The increased prevalence of childhood obesity
is expected to lead to the earlier onset and increased
incidence of coronary artery disease. It is generally
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accepted that atherosclerosis originates in childhood
and that diet and physical activity are key determi-
nants of the development of obesity. Although fatty
acids are important in the development of obesity,
insulin resistance and cardiovascular diseases, it is dif-
ficult to determine the effect of differences in dietary
fatty acid composition. Many studies have found that
the fatty acid composition in blood and tissues is
related to insulin resistance, type 2 diabetes, metabolic
syndrome and cardiovascular diseases®. In children,
higher levels of saturated fatty acids, lower levels of
n-3 polyunsaturated fatty acids (PUFAs), especially
docosahexaenoic acid (DHA, 22:6n-3), and linoleic
acid (LA, 18:2n-6) as well as higher levels of dihomo-
gamma-linolenic acid (DGLA, 20:3n-6) in phospho-
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lipids®!® and palmitoleic acid (16:1n-7) in plasma
lipids*? are related to obesity and metabolic syndrome;
however, the fatty acid composition of human adipose
tissue can change with age, independent of diet’?.

The fatty acid composition of plasma lipids
reflects food intake and levels of desaturating enzymes
such as stearoyl-CoA desaturase (SCD), which is the
rate-limiting enzyme in the biosynthesis of monoun-
saturated fatty acids (MUFAs), and delta-6 desaturase
(D6D) and delta-5 desaturase (D5D), which modu-
late the transformation of essential fatty acids into
eicosanoids. The activities of these enzymes cannot be
measured easily in humans iz vive but can be esti-
mated from the product/precursor ratios. Several stud-
ies have demonstrated that high SCD and D6D indi-
ces and a low D5D index, obtained from fatty acid
composition in plasma phospholipids, are associated
with adiposity, insulin resistance and metabolic syn-
drome” >, A few studies have assessed longitudinal
changes in serum fatty acid composition in cholesteryl
esters'” and in phospholipids'® in children, but stud-
ies of longitudinal changes in desaturase indices and
the relationship of these changes with body fat have
not been reported. In this study, we analyzed the fatty
acid composition and its longitudinal changes in
plasma phospholipids in Japanese children during
early puberty. We also investigated the association of
changes in desaturase indices with changes in body
fatness and insulin resistance.

Participants and Methods

Study Population

The study population was 77 children (38 boys
and 39 girls) aged 9.6+0.5 years (mean+SD), who
were in the 4th grade of an elementary school located
in a rural area in Shizuoka prefecture in 2006. The
school participated in this study voluntarily. All chil-
dren were free from diseases other than hyperlipidemia
and obesity. Each child’s standing height and weight
were measured and relative weight (RW) was calcu-
lated according to the standard weight for sex, age and
height using data from the Ministry of Education, Sci-
ence, Sports and Culture!”. Waist circumference was
measured at the level of the umbilicus, and the waist-
to-height ratio (WHtR) was calculated. All blood
samples were obtained from the cubital vein in the
morning after a 12 hour fast. Concentrations of total
cholesterol (T'C), high-density lipoprotein cholesterol
(HDLC) and triglyceride (TG) were measured by
enzymatic methods. Concentrations of low-density
lipoprotein cholesterol (LDLC) were calculated using
the Friedewald formula'®. Concentrations of plasma

insulin and glucose were determined, and the homeo-
stasis model of assessment ratio (HOMA-R) was
obtained using Matthews’ formula as an index of insu-
lin resistance'”. Three years later (in 2009) we
approached the students about participating in the
second phase of the study.

Informed consent was obtained from each child
and his or her parents. The study protocol was
approved by the local ethics committee, which is com-
posed of members of the school’s health education
committee. This committee includes members of the
local Board of Education and representatives of Nihon
University Itabashi Hospital.

Fatty Acid Analysis

Total lipids were extracted as described®”. Briefly,
plasma was homogenized with an ultrasonic homoge-
nizer in chloroform/methanol (1:1, v/v). After filtra-
tion with filter paper and a membrane filter, distilled
water was added and the mixture was shaken. The
lower layer (chloroform layer) was collected, the chlo-
roform was removed by evaporation and the residue
was separated into phospholipids and neutral lipids by
solid-phase extraction or thin-layer chromatography.
Following the addition of an internal standard (for
instance, C23:0Me, tricosanoic acid methylester),
phospholipids were transmethylated at 90C for 60
min using the (14%, w/v) boron trifluoride in metha-
nol method. The fatty acid composition was analyzed
by gas chromatography (Omegawax250 fused silica
capillary column, 30 m*0.25 mm i.d., 0.25 pm film
thickness; Supelco, Japan).

The desaturase indices were determined as: SCD
(16:1n-7/16:0: SCD16 and 18:1n-9/18:0: SCD18),
D6D (20:3n-6/18:2n-6) and D5D (20:4n-6/20:3n-6).

Statistical Analysis

All data are expressed as the mean=SD. Group
differences were assessed using the unpaired z-test.
The correlation coefficient between two variables was
determined by single regression analysis. p<0.05 was
considered significant. All statistical analyses were per-
formed with the STATVIEW statistical package (v4.5;
Abacus Concepts, Berkeley, CA, USA).

Results

Baseline Characteristics

At the start of this study, 11 of the children (4
boys and 7 girls) were obese with relative weight (RW)
>120%. There was no difference between boys and
gitls for any of the parameters, except for fasting glu-
cose concentration in non-obese children: according
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Table 1. Subject characteristics

Boys Gitls
Non-obese Obese p value Non-obese Obese p value

Ist n=34 n=4 n=32 n=7
Age (year) 9.6%0.5 9.8%0.5 0.4773 9.6%0.5 9.4%0.5 0.5323
Body weight (kg) 31.5%59 45.4%12.9 0.0005 30.3%5.5 45.7%8.3 <0.0001
Height (cm) 135.8%6.3 136.3%4.5 0.8534 134.9%6.3 139.7%6.0 0.0325
Relative weight (%) 102.8+12.4  1454%31.8  <0.0001 101.1+11.9  139.4=137  <0.0001
Whist-to-height ratio 0.44+0.04  0.58+0.07  <0.0001 0.44%0.03 0.54£0.05  <0.0001
Total cholesterol (mg/dL) 176.5+26.1 178.8+20.2 0.8692 182.1£24.0 186.6+40.8 0.6999
LDL-cholesterol (mg/dL) 99.6%22.2 106.9+17.8 0.3183 106.0%£21.9 114.8%£32.0 0.2384
HDL-cholesterol (mg/dL) 67.2+12.0 55.3%12.5 0.0692 66.4%+12.0 52.0%11.5 0.0041
Triglyceride (mg/dL) 48.6+24.1 83.0%£45.6 0.0195 48.6x21.3 99.0=58.4 0.0003
Glucose (mg/dL) 93.5%5.7 93.0+5.2 0.8755 89.9%4.9%%  914x47 0.4592
Insulin (TU/mL) 7.0%3.4 11.53.8 0.0178 7.8%3.5 20.1+12.8  <0.0001
HOMA-R 1.6+0.8 2.7%1.0 0.0220 1.7+0.8 45%26 <0.0001

2nd n=32 n=6 n=31 n=38
Age (year) 12.5£0.5 12.8+0.4 0.0778 12.520.5 123%0.5 0.1875
Body weight (kg) 43.4%7.6 62.6+133  <0.0001 43.8%5.9 61.2%7.6 <0.0001
Height (cm) 155.8+8.5 157.1%5.1 0.7084 152.7%3.5 154.0+3.4 0.3874
Relative weight (%) 93.7%8.5 131.7%22.6  <0.0001 98.0£12.1  1341%153  <0.0001
Wiaist-to-height ratio 0.41%0.03 0.56£0.06  <0.0001 042%0.03%  051£0.04  <0.0001
Total cholesterol (mg/dL) 162.9£22.2* 158.3%15.0 0.6709 178.4222.6"*  166.0+24.6 0.1823
LDL-cholesterol (mg/dL) 88.4=18.3™ 95.8=152 0.3614 102.7+20.8%%  98.9%20.3 0.6468
HDL-cholesterol (mg/dL) 65.8+10.2 46.8=7.0 0.0001 64.1x11.3 50.4+10.0 0.0034
Triglyceride (mg/dL) 43.6+18.5 81.2%30.7 0.0002 58.0£25.9"%  83.9+38.6 0.0294
Glucose (mg/dL) 88251  89.3%35 0.6052 88.3%5.4 90.4%3.9 0.3152
Insulin (IU/mL) 6.5%2.9 15.2%4.4 <0.0001 10.5%5.5"%  18.6%7.9 0.0017
HOMA-R 14%0.7 3.4%1.1 <0.0001 2313 42+19 0.0019

1st vs. 2nd in non-obese, *p< 0.05, **p<0.01 Mean+SD
Male vs. Female in non-obese, #p< 0.05, ##p< 0.01

to the guidelines for normal serum lipid levels for
Japanese children??, 4 girls had hypercholesterolemia
(>220 mg/dL), 1 boy and 2 girls had hypertriglyceri-
demia (>120 mg/dL) and no child had a low concen-
tration of HDLC (<40 mg/dL). Obese children had
lower concentrations of HDLC, higher concentrations
of TG and insulin and higher HOMA-R (Table 1).
Table 2 gives the fatty acid profiles. Obese boys had
significantly higher contents of DGLA (20:3n-6) and
eicosapentaenoic acid (EPA; 20:5n-3) than non-obese
boys. Obese girls had higher contents of DGLA
(20:3n-6) than non-obese girls; however, the differ-
ence was not statistically significant. The D6D index
was higher in obese children, whereas the D5D index
was lower in obese boys than in any other group.
Non-obese boys had lower LA (18:2n-6) and higher
DHA (22:6n-3) than non-obese gitls. Obese boys had
higher EPA (20:5n-3) than obese girls.

In boys, the D6D index and the content of
DGLA (20:3n-6) were correlated positively with RW
(r=0.615, p<0.00012; »=0.375, p=0.0204, respec-
tively) and WHtR (r=0.618, »<0.0001; r=0.422,
2=0.0083), but not with HOMA-R. The D5D index
was correlated negatively with RW, WHtR and
HOMA-R (r=-0.418, »p=0.0091, r=-0.464, p=
0.0034 and r=-0.457, p=0.0039, respectively). In
girls, the D6D index and DGLA (20:3n-6) were cor-
related positively with RW (»=0.547, p=0.0003 and
r=0.366, p=0.0220, respectively), WHtR (r=0.575,
»=0.0001 and =0.369, p=0.0209, respectively) and
HOMA-R (r=0.665, p<0.0001; »=0.391, »=0.0139,
respectively), whereas the D5D index was correlated
negatively with HOMA-R (r=-0.431, p=0.0061)
but not with D6D or D5D. The SCD16 index had
no significant relationship with RW or WHIR in either
sex, whereas the SCD18 index was correlated nega-
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