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[Abstract] Epidemiologic studies show intrauterine growth retardation (IUGR) is a risk factor of
metabolic diseases including impaired glucose tolerance, obesity and type 2 diabetes.Up-regulation of
hypothalamic neturopetide Y (NPY ), changed distribution of leptin receptor, abnormal effect of ghrelin ,
dysfunction of hypothalamic-pituitary-adrenal axis,improperly level of peripheric hormones such as leptin,
adiponectin and insulin-like growth factor-1,changed insulin signal pathway,abnormal levels of metabolism
related genes and enzymes are important factors.Clarificating the mechanisms of disorder of glucolipid
metabolism will supply a new direction for the prevention and treatment of metabolic diseases in individuals
with TUGR.

[Key words] Intrauterine growth retardation ; Glucolipid metabolism ; Obesity

(Int J Endocrinol Metab ,2014,34:25-28)

Zixk

BN EBIRZ(IUGR) &M LEF 5 W Tt
& B S B S TR S 25 A AR AR T TR 4 4
TRRG L SR T 45 10 T 200 BEE 2 R .
FIREZEHHE L TUGR FRAEZR 4% ~ 8%, KJEHIE]
F N 6% ~30% TR IUGR IR LN 7.5% ~ 8.7%.
AR, REEMF R 22 W 5% AR R A5 AR i
LR B RS A S I s A R R
JEME L SRS B R, A IR i B
FE AR RO OB S 2 TR R A XU K
KA, A SCH TUGR AN BRI 5 AL
HATERIR
1 IUGR 5#E BERBITH

IUGR i) LB AE B/ N ICRE LA PR 5

DOI:10.3760/cma.j.issn.1673-4157.2014.01.007
AT H  FHE AR R H (81170711) ;) R4E H
IRBIF A4 (820110100051030)
FEF BT 515041 Sk K= B 2= B 55— B 2= e 9 40 iR
WEVEH L35, Email : linshaoda@126.com

I3 40 TUGR JiG L AR J5 R AT 3 91 9 5 2= 4L
K ves IR 0 2R IMLAE , i HOWE S A AR 0 R R,
IFEVER T 2 R AARbE . 45 TUGR A LA
VIRG 5 o f Ak fi 0 el 1 IS 0 it A A B i
BT 3 KA, RIS 53 J5 298 — 21 H Bl %
A TUGR iR LI 2B 4 sl ey 2
e RBEILSS | HHm B — R B A R LUk
FEHUAT LR o Dok == — T A /R, TUGR 11
ENER2 ) LB AR 75 B It R I R 2L, 2 ~ 5
%11 IUGR # Lh 2 ~ 8 % IEH A A )L 3 25 B e
B ZE AT, B EZ USRI T, Faienza 550X}
23 A AESE 6 ~ 12 4 H NGB A K IR A
AR LA IR B IR 5% 3R UM E A TPA , 34.8% FFAE
RGP M , 2B I i e 5 R K Al
FRHZERL,  Li 20 rp H YRR (1959—1961 4F)
B AR A TR AR N R OB T A A o, G LA AN
U WS VLTTE 2% 5 A JO0AT 30T 1Y) 8 I b i A e 8



- 26 - [E i 2 i AR5 24 7 2014 4F 1 H %5 34 555 1 ] Int ] Endocrinol Metab,January 2014,Vol. 34,No. 1

A 5.9%, A ZTRH DA 2.4%, 71+ H LY %
e 2 TE A I AN SR B A2V AR S IR Y
TR, DU E AR 3 v IR Y & R R B T

TUGR LA AT 10 5 A e 1) 2 A 23R A 1 f 34
i, —3X} 300 000 24 i LA 28 LS () ey =5 A1)
BASIEAT RIS s , A T7E 19 27 IR e %) 2 A 2R 1
B TN 541, de Arriba 25BN} 167 4475 55
HIAT 102 24 H AR A sE, RN TG
1% LB EEA S IR R 5 R AT R A R 5
AR JLBH 3N . Thanez Z50416F 29 A4 A1 A (R TR
JUER LB EIET 6 4FbEVT, B HAE 2 F e
SERCMAR AN B i aE AR K, HL i AR AR K
555 REZH — B0, AHAAR AR 23 A S5 R0 2 P IE R
AR . EH TUGR L A G St A K
DAHETH A I, R PG 7 Hh AR TS A B 5
e IR E A TR W, E 2RI O
N ZLR BN, FLRAF A 5 R T
2 TUGR M&#E . A5 R 575 HE XA H
2.1 TUGR 5N RG24k
2.1.1 TUGR 5H XN e T it Ephs
TCARZE IR Y730 ERAH DG 2R 11 (AgRP) R & i 28 s e
J A B 2R By K L (POMC )/ A] - PR 22 At BA 4
ST LRI MU AT . Fukami SFHIEE
FIEH AR AR A BUAE 25 IR B 22 K Y/AgRP 3
I, PR Y 26k FIE, POMC 24, Ah AR DA
S5 15 16 BREH AR EE A TUGR BERERIGIE S
MBI, T M2 IR Y/ARP AY3aR14 35 I
5, POMC ik T B o5 —3h Wy 3250 o Bk BT R
FHFLIIC R Y ITUGR AR5 TF R IR fov B
AR PR ) TUGR AR L B2
1 ROHAEJEER 22 OBIEIK Y F6R 83 FH, Li 40
WMEEEE FEAR RIFE T TUGR U LR YRG0 28 ik
/POMC LEAG]_E- 9 Al & 5K 155 5 7 S5 5
TR 3 FiE, #48 TUGR MR IR B 5 T
MR ZE K Y/AgRP Byt BOH A 56

T Fe i RIS AR, R Bk R
BB R Z IR TR . TR S R 55l %
TG AT _L 3 POMC 112338 F 0 LAz A 40 ) £5% 2 f
LUK Y/AgRP BTG, 5T s IUGR Ji
W5 155 IR E AN s 28 32 R o0 A X SlAF 7 22
S, AR IEE MG R 2R A RES R

%, 1M TUGR JHE 098 25 32 (AR [R] s 25 R A% PN 25 5%
B S Rk, 805 A% D8 A2 R I 4 vt ek
/D R ARV TS . T3 Ah, Coupé SEE A
TUGR B BB R A= 4 5598 R (5 53 B v 2 1 Dl
B (Akt) F1R FL 20 9 T A 25 2% 40 240 it A2 b 5 | 1) 9
FZHHA . Adam FFTHAH TUGR ATEI ARG 2
R R AT A, A PR 715 5 5 A il R 7 3
T B Z R ETRAG 1B 2k Ly, AT B KAt
B, FECOPBIZEIT AgRP S I POMC 2Z 1k %1k
IV S AN BRAEAA R HA JE  T FE R R K
BE BRI I, A 21 RIfFREH
PR G 1 98 IR o B T Fe i 3 S2 AR GR X
B AR DL K98 2R R A S i R R e s, mT |
e TUGR /MATR Fr i & i 2 oo M & ph 20 T g
S T P A it = A= 5

Ghrelin 5 F i = PRAZ A0 E I ) ghrelin
ZREE GG, — AR BT 5 5 —Jr i,
S KRl B AR PR R AR A K
TFAILAF I HUARRE A, AR FIURIR S
B, B WIE ghrelin 7330, T il AMP i L& H
VA R TAT AR R IR IR EE RS I 1A LR 5K R, 8L
X ZE IR B 48T oA N, 5 e U 25 g 15 7
YD, AR ER RN, A2 R K PN i S A R D2
J& T B RE R W BN L, B IR Y Rk
T = A AR 7E B FR )5 19 TUGR A5 AL H
550 BRZH LR, TUGR 7 2B RURIT B AT BRI A 21 'S
HI[) ghrelin 263k FEUL, FI 40, B 2E i/
TR L E# AR E LA G55 5 RILTE ghre—
lin 7KF, AR E/INF G2 L ghrelin 7K 5835 75
JE5 AR R HAE D $2R ghrelin ZKFHEHNTAT g
& TUGR MAH BRI A 1 B R 2 — o

T80 JUGR AMAT Fefili-TEfAR- B 1 it % A=
WCAE | Z B Bk s LS I e R R R B T, i 4%
MW SEUR LB . B4R, HPA Slib T4 w5 K
e, B S WA N o AP IR U il R 5
AR HAGILT - -5 E AR EE . Xa 80
BRI T30 ITUGR AL RIR & 118-52
25 [P Bt S s o ST M R I, SRR S
TR J0 P A ik 2>, 3 T {3 ok i 28 e e AT B
F14) Sz o P R 2 S 3 22, Xu A2 B ] R R i
T TUGR A7 B A S AR B i B I 28 5 iz o i



[ bR P 2 03 2 s 2014 4F 1 58 34 4545 1 4] Int ] Endocrinol Metab,January 2014,Vol. 34,No. 1 .27 .

KPR TE & RS T R 1 MRS L A2 AR
Jo R 3 B B SRR KT PR T L 5 LR IR AR R
filo Li ZFHAH TUGR AMATT Frfivi =5 RAZHE Kz B
RAMEIR BRI IR R 2 —
2.1.2 TUGR SAME N WAL 28 2=H NN
TUGR MATENG LG 98 KT, AR G KT
K, I AR JE R T e iR LI B R
R IR XTI LA o Dijiane F1 Attig 2% 5] TUGR
ANASRMR R B AR08 B 05 40 A H 3
2 RBE/N A X R R AN BLERBE Y 38 L
PERONE , DUEAF S Z BRI, 7 20 RE =, (H AR 300 ) v
O £ o I s 4 A R s A S SO e 5 v e L
T8 T UG , A SC#S B R I & B i)
Jo it DR G T, IO g 1 200 B o3 A s 2, A i
D ARFRE R TUGR AR E PR, il 2t
ICRERRAE | AT A R AC I SR RS T BEAR B4 1E

R 22 I 0 400 B -8 11 573 — P I W PR 7, il
it 5 A2 ARGE G W A i A B R A A Az
A o TG AT AT B 2 1k S S A A R iE . Y
JHF I R B 25 52 A i3 F A B T B8 AR B R B Mk
FRAA GG F 3R A (B8O WTE B A A5 %, (0 HFEAE T iy
Ui 5 1 o T DRt 4Lk, st BB Al 1o e 5 2R A
M, AT FF I TUGR REAAL T8 M R ek 25
PR 9 RN 5] I MR 28 /KT A, 1T BB
B A TR BRUBR S AP AY R R 2 — . Bagley 2541
iE TUGR A7 BTSN 2K N, il i 45 T 4T IR
) R LR B A RS R T, A BT
PR ACE T AR i ks . 7ok, A i
7N TUGR 19 5 4 10038 g 56 28 /K SF W 5 F j
Martos-Moreno 5! 5@ 3L /00 190 44 /NT G % JLAN
TEE AR LB AR 2 7KOF g 8/ N T i
1% LIS B 6 /KT T B 5 BRI R AL R %
Ylo  FRBEFEH R I35 BRI 7K F R TUGR 4
TBE B C S KU A 2R N 2 —

[ ZAEE K N T-(IGF)-1 e LA AE K R B 1t
PRl EAE A, Xu &7 HRIE TUGR AR LI
IGF-1 K TR, B ST IGF-1 AT i LA B
W A5 RS I A BTG, $2R IE R IGF-1 7K
SEX R LI AR S E B AR 0 & AR R
TR VAN T RIS L AR 526 1 4F 1GF-1 K
P Tt 78 3 % IhE AR K ST | RS R K F

() IGF-1 5 1A 48 H0UR% B 15 ZEHRTAH G, I R A7
TE IGF-1 #KPi. 3ok, A WF5T 2 B B4 i B S
J TUGR 438 in AR & AP, ATHES 1GF-1
mRNA 282514}z H3Me3K36 JEDH FR ik FHim, B
5 ZHBT Y Sl e,
2.2 IUGR 5B R[G5 WA RSl
TR R SZ AR (IRS ) - BRI ILEE 3 34 (PI3K)-
Akt {75 5538 [ SE G A A IR T B AR A i
FYER]. Bueno ZE HFSY R TUGR BUIFIE IGFB
TR ZR B ZIRFGETHE, 1 IRS-1 Al IRS-2 3
iKYk 7 . Muhlhausler S5 * 8 (IR TUGR 5
A AESS 21 d BEAFE RSN R 5 2R 2 R Rk
0 AR B AN R IR 1438 1 A [ s
3K AN B B v R 5 3R A S e S It R A AR
b, ORI NG 2 A e 5 R A5 T Rl A
WG C Rk, 21 d BFEAF Aktl  Ake2 D3
i, TR A IS R 2 i s A O
FEIA L TR RIS 9, T AR TUGR AT BRUSAE 5 1
BRILAP (RIS RS2 PR TRS-1 Y R 2 R W R 1L /K -
K PI3K {6 B AR T 1IE 5 X IR . IR 8 Rt 4h
AR TUGR A7 #% WL JBE 5 2 A2 4K IRS-1.
Aki2 H 5 E T RE

7340 JIUGR AR AR 55 4 280 0 i 52 B 1 -4
(GLUT-4)% 2%Y], GLUT-4 2 [ 5 2 /4y, £ 8A7
T XF B 5 28 SRR ) B LA 7 A e v, LK
T RERT R S R AChL, RS R E T IRS-PI3k-Akt {5
Tl IE GLUT-4 DA TS i 2 A st ), fif
¥R W] TUGR 8 L AT 30 - % L K R 7 48 i v
GLUT-4 mRNA ik iz 2 4 ) 1 s b2,
2.3 TUGR S51CHIHHCIEN BERAEL Bol 1250
Z2H) TUGR /INERL 9 H ¥ i 1D 21 23 b 55 BB AR A DG
(LR FRRZM ], S5 IUGR A1 BRI
21 2 e Bt SR R TR 5 AR ) AR 3 E 0 1 Ak A2
Ty, TEEEE T ICEES & B 1 FUBR TR A W
mRNA KB, Jioh, AN AEfE# TUGR
INEFIIE & /N BUFFRIE A 43 85 10 2 3 i ZobidAs , 2 91
TUGR /INEUTFIE SRR S AL B R TL Z 161, IN TR R S L
0ok OB S A B, S BOR A A U it A T
o Thorn ZEPHIESE TUGR 2 I Hh 1) 38 26 4 -6-
TR . ol s Tt AT R VA ity AT SR 1,6- — TR
il (e P o, ER R IR A . A, BaReEss



- 28 - F B P o3 s AR 24 2014 47 1 H 55 34 555 1 31

Int J Endocrinol Metab,January 2014,Vol. 34,No. 1

WHIE T TUGR I E A% Sl i K 4 IR0
b 45% , @Rt RS2 BRI IR EIIE ATP 7 A 3
DRI M A B T R T4 & TUGR B4R
B S H R N 22—, W I
X 2 o JE BT IEPE T FER IUGR BRUBLAR 5 Ml it
S EE B R PR T RS TS X S A
it S R 38 ATt DT D P AR S 240,

Zi F R, TUGR MR BE . RIS, &

BURBIEL I A A, AT X S S P -2
PR R AR Sl AR A 5% i H S AR S
SN AR AT O AL A Rt — 2R

(1]

(2]

(3]

(7]

[9]

[10]

(11]

& £ X W

Faienza MF,Brunetti G, Ventura A, et al.Nonalcoholic fatty liver
disease in prepubertal children born small for gestational age:
influence of rapid weight catch-up growth [J].Horm Res
Paediatr,2013,79(2):103-109.

Li Y,He Y,Qi L,et al.Exposure to the Chinese famine in early
life and the risk of hyperglycemia and type 2 diabetes in
adulthood[J]. Diabetes,2010,59(10) : 2400-2406.

de Arriba A,Dominguez M, Labarta JI,et al.Metabolic syndrome
and endothelial dysfunction in a population born small for
gestational age relationship to growth and Gh therapy[J].Pediatr
Endocrinol Rev,2013,10(3):297-307.

Ibanez L,Sudarez L, Lopez-Bermejo A, et al.Early development of
visceral fat excess after spontaneous catch-up growth in
children with low birth weight[J].J Clin Endocrinol Metab,
2008,93(3):925-928.

Fukami T,Sun X,Li T,et al.Mechanism of programmed obesity
in intrauterine fetal growth restricted offspring:paradoxically
enhanced appetite stimulation in fed and fasting states [J].
Reprod Sci,2012,19(4):423-430.

Li C,McDonald TJ,Wu G,et al.Intrauterine growth restriction
alters term fetal baboon hypothalamic appetitive peptide
balance[J].J Endocrinol ,2013,217(3):275-282.

Adam CL,Bake T,Findlay PA,et al.Effects of altered glucose
supply and adiposity on expression of hypothalamic energy
balance regulatory genes in late gestation growth restricted
ovine fetuses[J].Int J Dev Neurosci,2011,29(7 ):775-781.
Coupé B, Grit I,Hulin P, et al.Postnatal growth after intrauterine
growth restriction alters central leptin signal and energy
homeostasis[J]. PLoS One,2012,7(1):e30616.

Andrews ZB, Liu ZW, Walllingford N, et al.UCP2 mediates
ghrelin's action on NPY/AgRP neurons by lowering free
radicals[J].Nature, 2008 ,454(7206 ) : 846-851.

Nagata E, Nakagawa Y, Yamaguchi R, et al.Altered gene
expressions of ghrelin,PYY,and CCK in the gastrointestinal
tract of the hyperphagic intrauterine growth restriction rat
offspring[J].Horm Metab Res,2011 ,43(3):178-182.

Xu D, Liang G,Yan YE, et al.Nicotine-induced over-exposure to

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

maternal glucocorticoid and activated glucocorticoid metabolism
causes hypothalamic-pituitary-adrenal axis-associated neuroen -
docrine metabolic alterations in fetal rats[J]Toxicol Lett,2012,209
(3):282-290.

Xu D,Wu Y,Liu F,et al.A hypothalamic- pituitary-adrenal
axis-associated neuroendocrine metabolic programmed alteration
in offspring rats of IUGR induced by prenatal caffeine ingestion
[J]-Toxicol Appl Pharmacol, 2012, 264(3):395-403.

Djiane J, Attig L.Role of leptin during perinatal metabolic
programming and obesity [J].] Physiol Pharmacol , 2008 , 59

(Suppl 1):55-63.

Bagley HN,Wang Y,Campbell MS,et al.Maternal docosahex-
IUGR
induced changes in rat adipose deposition[J].J] Obes,2013,2013:
312153.

aenoic acid increases adiponectin and normalizes

Martos-Moreno GA, Barrios V,Saenz de Pipaon M, et al.
Influence of prematurity and growth restriction on the adipokine
profile,IGF1,and ghrelin levels in cord blood: relationship with
glucose metabolism [J].Eur J Endocrinol,2009,161 (3):381-
389.

IRAN B A, MBS B R E RS S 2 BV R[]
[EBRA B CZ%E, 2013, 33(3) :206-209.

Xu YP, Liang L, Wang XM.The levels of Pdx1/insulin, Cacnale
and Cacnald,and beta-cell mass in a rat model of intrauterine
undernutrition[J].J Matern Fetal Neonatal Med,2011,24(3):
437-443.

Zinkhan EK,Fu Q,Wang Y,et al.Maternal hyperglycemia
disrupts histone 3 lysine 36 trimethylation of the IGF-1 genel]].
J Nutr Metah,2012,2012:930364.

Bueno MP, Guadagnini D, Gonalves FL,et al.Assessment of the
expression of IRbeta,IRS-1,IRS-2 and IGF-IRbeta in a rat
model of intrauterine growth restriction [J].Fetal Diagn Ther,
2010,28(3):145-152.

Muhlhausler BS,Duffield JA,Ozanne SE,et al.The transition
from fetal growth restriction to accelerated postnatal growth:a
potential role for insulin signalling in skeletal muscle [J].J
Physiol ,2009,587(Pt 17):4199-4211.

RBEPE IO RS, A5 AR AGE A N IR 2R R
MERR TR M NR DT At ) RE R s b 240U, 2012,14
(7):543-547.

Bol VV,Delattre Al,Reusens B,et al.Forced catch-up growth
after fetal protein restriction alters the adipose tissue gene
expression program leading to obesity in adult mice[J].Am J
Physiol Regul Integr Comp Physiol ,2009,297(2):R291-R299.
Thorn SR, Regnault TR, Brown LD, et al.lntrauterine growth
restriction increases fetal hepatic gluconeogenic capacity and
reduces messenger ribonucleic acid translation initiation and
nutrient sensing in fetal liver and skeletal muscle [J].
Endocrinology , 2009, 150(7 ) : 3021-3030.

Vo TX,Revesz A,Sohi G,et al.Maternal protein restriction leads
to enhanced hepatic gluconeogenic gene expression in adult
male rat offspring due to impaired expression of the liver X

receptor[J].J Endocrinol ,2013,218(1):85-97.
(e H #1:2013-10-23)



