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[# ZE)B8Y. WA KB ZE B Z4E (adult growth hormone deficiency , AGHD) f 35 I 5t 25 FLHE 4L (lipid accumulation prod—
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Lipid accumulation product as an effective index for accessing insulin

resistance in patients with adult growth hormone deficiency
Liv Chan ,Xia Jigjia,Li Linman,Liv Xiurong,Zheng Xiaoya,Ren Wei
(Department of Endocrinology , The First Affiliated Hospital of Chongging Medical University)

[ Abstract)Objective . To investigate the correlation of lipid accumulation product (LAP) with anthropometrics , glucolipid metabolic
markers and insulin resistance(IR) in patients with adult growth hormone deficiency(AGHD). Methods ; Totally 42 patients with AGHD
and 42 control subjects matched with the age and gender were enrolled. The general anthropometries and blood biochemical indexes
were measured. Body mass index(BMI) , waist—hip ratio(WHR),LAP and HOMA-IR were calculated. Results:Compared with those
in control group,the waist circumference (WC), WHR, fasting insulin (FINS) , homeostasis model assessment of insulin resistance
(HOMA-IR),triglyceride (TG) and LAP were increased in AGHD group,while high density lipoprotein—cholesterol (HDL-C) level
was lower in AGHD group (P<0.05). Weight, BMI, WC, WHR,SBP,DBP,FINS,HOMA-IR and TG increased as LAP increased (P<
0.05). Pearson analysis revealed that LAP was positively related with age, BMI, WC,HC,WHR, systemic blood pressure (SBP) , dias—
tolic blood pressure (DBP),FINS,HOMA-IR, TG and low density lipoprotein cholesterol (LDL-C) (P<0.05). After age was adjusted,
the positive correlations were still existed (except DBP). In ad-
B2 4, Email :457972314@qq.com, dition, HOMA -IR was positively correlated with BMI, WC and

FRATr 0 BA KB B2 BT TR W TR TG(P<0.05). LAP was higher in AGHD patients with IR. ROC
BIEEE 4 4h, Email : weiren67@aliyun.com,,
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TARESFHFHEARBERB (%% :2010-2-109),
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(2015-07-09) ther more, multivariable linear regression models revealed that

analysis showed that LAP was a significant discriminator for IR
in AGHD patients,and the optimal cutoff point of LAP to pre—
dict IR was 31.32(90.9% sensitivity,61.30% specificity ). Fur—
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BMI, SBP,HOMA-IR were independently related with the LAP(8=0.414,0.249,0.329 ,resp, P<0.05). Conclusion : The LAP is sig—

nificantly higher in AGHD patients than control subjects. LAP is associated with IR and had a strong and reliable diagnostic accuracy

for IR in AGHD patients.

[Key words Jadult growth hormone deficiency;lipid accumulation product;insulin resistance

N KL E B = AE (adult growth hormone de—
ficiency , AGHD ) J&—2H 2[RI 325 R Y N 43 W0 , i
IRF A ZHE | LA B AR U o3 O 151 A B AR
‘B % £ (bonemineral density, BMD) [ AIG | LA 53 &
i 2l s v 55 2 AR AR 2L AR BT it T [
SRR RPN . A TS IESS | IX e ™
M) S8 TR 2R 3 i, A AR AR B A (metabolic
syndrome , MS) /U [l 45 95 & s AU b 28 148 v 1
WATIR P9 R B, TR D) RRAR T A9 8 25, O 5t
IR A B KR (growth hormone, GH)
IEH B AHER BRI, Horh GH = n] LIRS 5t
HTIF R B — DAL FE R RS, I, 4 AGHD AfH
A G RS PR~ A W, e LR 3 T T, ek
# AGHD AFFA:TE B AR RSE T R A
X,

A5 B & F45% (lipid accumulation product, LAP)
Je: 1 Kahn ] H 56 [ 6 505 IR I8 A (NHANES) Bk
XoF Il AR J53 4 A A TEU0 O 1 7595 95 IXURS: 7 T 1) B
G PPN & B 0BT R bR . LAP i I H
(waist circumference, WC) 525 J& Ifil H M = (triglyc—
eride, TG ,mmol/L) 71545 ) . LAP (% ) =(WC-58) x
TG,LAP( 3 )=(WC-65)xTG", ZIfHF55 LB,
LAP 5 MS oIl 88 F R U 2 OB RIS (type 2 dia—
betes mellitus, T2DM) Ji# 5 ZHEHT (insulin resistance,
IR) % KR EYI, I H R ZHWIHFE NN LAP 7EF50
IR AP KUK I A4 5T 48 21 (body mass index,
BMI) B HLA 54 {H LAP 7E AGHD A# 5 IR 1
ARG K Fotin e [l N A Il . ASHETOR AR
75 AGHD ARFrf LAP 2750 IR BA R,

1 #REAE
1.1 —EFHESHFRAE

WEE X % 3 84 5] AGHD ARy F B 2009 4F 6 H -
2013 4F 9 A2 AGHD B3t 42 44, Horp iR i R 5

6 H LB 36 HIAA BLEAIERE 6 B (ITa REHE
1ZWih AGHD 2 4L 1) A 4& Pk 13 4], Lok 29 4, 73
AEI% (50.55 = 11.14) % 3 AMESEPER] ARk AGHD 41DLd
(1) 42 GILEFR BRSO ARG (R ) A HE A% BRZL P-4 4
(49.85 +10.42) % . H4E AGHD B E W 125 A I RS
IR W T AT T 70 AR MR B AYT (R fahE
B U EE AR R BRI E0) AE A L rf J
BRI TAERIFERIBTT . A WFFET AR HE R R i
IR O TR 2 RGN AR T, ELgtignn
34 H AR R RIS A 258 . AR SR AT A BT
e NG 10 B B 23 T 5 (A AR B2 Ao, A
PNGSFEI A Gip=8
1.2 AGHD # Birfe

FE 2011 4F A4 K 3 & W58 244 25 (Growth Hormone Re—
search Society, GRS)i2IA IR FE RN, [ 5 i i e ——
AGHD 2 Wi B 2 bR . 24 GH 20 Ml <5.0 we/L, HIZ W Hy
AGHD, % GH 4Mihléf< 3.0 ne/L BHS W R ™ H i) AGHD (7
g R BT A T2 W7, T A BIFRE A 52 GH 43 b
{E#4<3.0 pg/L) . R MBE 2 RE . GH 43I (E<3.0 pe/L BP
LWih AGHD ; # BMI<25 kg/m?, GH 43I IE{E <11.0 pg/L HJ
AI2W AGHD,, GHRH-+AE Z R HIEA S 1 BMI 7E 25~30
ke/m?, GH 43ilbé(H< 8.0 ne/L. iI2Wih AGHD; 4 BMI>30 kg/m?,
GH 43ibIE(f<4.0 pne/L Wi AGHD, PAF 2 Bl vl E %
Wik AGHD: (1) FE s LE F i +2 PR EELZ 5 (2)
3 Fhal 3 Pl AR
1.3 BrRF %
13.1  ZilE —RGORCEE IO TR DF X G e
Pokl, A2 W SRR A | [ E T AR A IR — i TR
I By e MR WO R, Bk E] 0.1 em, i
R E] 0.1 kg, ZRF LA, S NGRS 1 ZGE
LTSS 1R R RS0 E) 0.1 em, ZHHAR
5 min J& 2K FHH R R A 2L IR 05 45 T (systemic blood
pressure , SBP) FI&T 7K i (diastolic blood pressure, DBP)
132 AR BT 2 R (25 ] 12 h,
ASUR 8 ) FHIIBCER I, FH AT 2 A A TR G 1 A A
JiE (fasting blood glucose , FPG) , k2% & G2 A6 i 25 1 [k 5 25
(fasting insulin, FINS) , 273220 52 M08 , A48 « o HH [ B (o
tal cholesterol, TC) TG . & % & g & 11 JJH [# B (high density
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lipoprotein—cholesterol , HDL—C ) ik %% & i & 11 I & B (low
density lipoprotein—cholesterol , LDL-C) ,
1.3.3 AN BMIREE (kg)/H 8 2(m?)  JERE L (waist
hip ratio, WHR)=WC(cm)/B [l (cm) , AT DA RS 2%
T&Tﬁ?ﬁi&(homeostasis model assessment of insulin resistance,
HOMA-IR), HOMA-IR=FPG (mmol/L) xFINS(Mu/ml)/22.5 ,IR
SE XL HOMA-IR f L P45 (8 (A58 HOMA-TR>2.298)1",
LAP HI TR 22 3 A N SR B i) 28 AR B T HR A =00
LAP(3)=[WC(cm)—65] x TG (mmol/L) ; LAP(% )=[WC (cm)-
58] x TG (mmol/L)
14 %t FFik

JIr A7 KR I SPSS 19.0 GEdt et #4770 Bt , 1 Kol
mogorov—Smirnov test F5 25 21 2 T MM IEZS 734, IR
TE ST A S AR BRI 1 A P20 (o) FIAR B 22 (s ) 5 T
A3 RS AR FH BRI DY S0 8, Tog (BT 10) BE
A A THETT 2250 WT o 2 A R) LR P BEAS ¢ R
Z YA 73 MR R 3R 5 229307 5 1 Pearson AHOC/M AT LAP
HEMEIRZIRM A, S0 LAP 2 H R R £ 00
AERNH ST, 82 TARRREIZ (ROC) T T AR AL
95%IM A5 X (] (95%CI) , LT Ali LAP BMI WC TG &5
PN IR BE), TR 28R EORIIE LAP S FHE (cut-
off) . K7k IfE a=0.05,

2.1 ZREWGRAARILER

AGHD #4 A # WC WHR FINS HOMA -IR TG & T X}
HRZH N HDL-C B AT X R AR (P<0.05) 5 1 B o A&
it BMI & | L FPG \TC LDL-C Z [E] 1) 22 5+ L 4e 1T
FR(P>0.05,% 1),
2.2 FiXA# LAP rbix

AGHD 4 A LAP Bt 5 % B0 A BE (P<0.05, %6 1) .
G LAP DU 50 AGHD A#E M 4 4H.Q1 414 LAP<
22.60 cm x mmol/L; Q2 419 LAP(22.60~31.62) cm x mmol/L;
Q3 204 LAP(31.63~63.60) e¢m x mmol/L; Q4 20} LAP>63.60
em x mmol/L, #555/n K BMI,WC \WHR SBP .DBP
FINS . HOMA-IR TG Fifi LAP j#4# (P<0.05,3 2).
23 AGHD %% LAP {67% HOMA-IR 5l R Ak £ ALIEAT
8] g A8 S5 b

LAP 545 BMI,.WC HC WHR SBP DBP FINS HOMA -
IR TG .LDL-C 5 1EAHIE (P<0.05) ; £448 IEAE IR 5, LAP /5 5
RFEAR (% DBP)FFAEAI M (P<0.05) . LAP 55 DBP FPG,
TC HDL-C [A] JCAH M (P>0.05, 3 3) ., HOMA-IR 5BMI,
WC.TG SIEAHX(P<0.05,% 4),

F1 ZIEHANE—RER SR E L IEFRILE
Tab.1 General data and distribution of clinical biochemical index of all subjects

Ap X REEH AGHD#H AL Py
SRR (B ) 42(13/29) 42(1329)

() 50.55+11.14 49.85 +10.42 0.232 0.871
B (m) 1.60 +0.08 1.59 +0.07 -0.344 0.732
TR (kg) 57.98 +10.32 59.84 + 10.47 0.818 0.416
BMI (kg/m?) 2273 +3.56 23.57 +3.56 1.112 0.269
WC(cm) 7530 +8.75 82.95 + 10.42 3.645 0.000
Tl (cm) 92.10 + 6.99 93.48 +9.17 0.772 0.442
WHR 0.83(0.76,0.85) 0.89(0.83,0.95) -3.802 0.000
SBP(mmHg) 120.00 ( 107.75,130.00 ) 121.50( 110.00,130.25 ) -0.712 0.477
DBP(mmHg) 78.05 +9.62 77.64 + 11.56 -0.174 0.862
FPG (mmol/L) 5.25+0.45 5.18+0.76 -0.495 0.662
FINS(Mu/L) 4.44(3.40,5.73) 8.46(7.64,9.07) -6.933 0.000
HOMA-IR 1.02(0.80,1.37) 1.82(1.65,2.32) -6.817 0.000
TC(mmol/L) 4.64(4.11,5.23) 4.83(4.20,5.76 ) -0.819 0.413
TG (mmol/L) 1.15(0.96,1.54) 1.60(1.15,2.19) -2.733 0.006
LDL-C (mmol/L) 2.54+0.87 2.68 +0.93 0.740 0.462
HDL~C (mmol/L) 1.38+0.32 1.01+0.44 -3.735 0.000
LAP(total) 16.89(8.72,27.36 ) 31.62(22.30,65.82) -4.008 0.000
(L) 14.70(8.72,25.21) 28.39(22.20,53.60 ) -2.128 0.033
(B) 23.58(12.02,35.80) 44.77(25.70,74.03 ) -3.522 0.000
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Tab.2 Comparison of variables in quartiles of LAP
ARt Q1 4l (n=11) Q241 (n=10) Q341(n=10) Q44 (n=11) Fiefd PIE
W (R) 47.09 +13.03 46.10 £ 13.42 55.30 £ 7.80 50.55+11.14 1.908 0.145
H¥E(m) 1.58 + 0.06 1.58 £ 0.07 1.59 +0.07 1.61 £0.07 0.497 0.687
1S (ke) 53.68 +9.08 5552+ 6.61 65.11 = 8.34* 65.12 + 12.09* 4551 0.008
BMI(m%kg) 21.57 +£3.82 22.18 £ 1.66 25.67 +2.80*" 24.93 +3.28" 4.642 0.007
WC(em) 74.50 £ 9.38 76.40 £ 3.10 89.05 + 7.57*" 91.82 +7.22*" 15.498 0.000
Bl (em) 90.41 +7.89 89.70 + 11.47 96.30 + 6.46 97.41 £8.77 2.128 0.113
WHR 0.81(0.76,0.87) 0.84(0.80,0.89) 0.96(0.88,0.98)" 0.94(0.91,0.98) 14.515 0.002
SBP(mmHg) 110.00(96.00,121.00) 123.50(114.50,130.50)* 129.50(108.25,139.25)* 129.00 (118.00,146.00)* 9.831 0.020
DBP(mmHg) 70.36 + 13.22 76.40 +7.31 80.60 +9.22* 83.36 £ 11.99° 2.990 0.043
FPG(mmol ) 493 +0.74 5.10 £ 0.69 541+0.85 5.31+0.78 0.824 0.489
FINS(Mu/L) 8.48(6.88,8.75) 8.38(7.50,9.00) 8.71(6.69,9.07) 8.90(7.81,12.38)xh= 3.469 0.325
HOMA-IR 1.67(1.59,1.98) 1.76(1.64,2.23) 1.82(1.52,2.41) 2.32(1.70,2.91)"" 8392 0.039
TC(mmol/L) 4.52(4.22,5.50) 5.15(3.77,6.44) 4.25(3.82,4.89) 5.62(4.85,6.54)" 6.151  0.105
TG (mmol/L) 0.87(0.65,1.10) 1.56(1.39,1.71)* 1.53(1.34,2.15)* 2.39(2.17,2.77 )b 29.165 0.000
LDL~C(mmol/L) 2.36 +0.92 2.78 +1.02 243 +0.72 3.15+0.92* 1.763 0.171
HDL-C (mmol/L) 1.02 +0.54 0.97 +0.46 1.09 +0.32 1.19+0.44 0.456 0.715

Q1 4 : LAP<22.60 ¢cm x mmol/L;Q2 41 :LAP(22.60~31.62) ¢m x mmol/L;Q3 41 :LAP(31.63~63.60) ¢m x mmol/L;Q4 4 :LAP>63.60 cm x
mmol/L;a, P<0.05, 5 Q1 Z14H L ;b, P<0.05, 5 Q2 4L ;¢,P<0.05,5 Q3 4AHIL

®3 LAPESAFNESH MEERGESHNEXNE

Tab.3 Pearson correlation index between LAP value and

anthropometrics, glucolipid metabolism markers

AR r{H P r (ZROEAFERYE)E  PEH
FER (2

0.343 0.026" - -
BMI(kg/m?)

0.576 0.000" 0.524 0.000"
WC(em)

0.758 0.000" 0.723 0.000"
R (em)

0.402 0.008" 0.372 0.017¢
WHR

0.522 0.000" 0.475 0.002"
SBP(mmHg)

0.465 0.002" 0.435 0.004"
DBP(mmHg)

0.323 0.037° 0.286 0.069
FPG(mmol/L)

0.267 0.087 0.211 0.184
FINS(Mu/L)

0.367 0.017¢ 0.352 0.024*
HOMA-IR

0.493 0.001" 0.451 0.003"
TC (mmol/L)

0.135 0.395 0.050 0.758
TG (mmol/L)

0.813 0.000" 0.792 0.000"
LDL-C(mmol/L)

0.225 0.152 0.184 0.249
HDL -C (mmol/

0.259 0.098 0.209 0.190

?14?)-1-P<()05-}1-P<001

2.5 MREEIRIFAFE ROC M E M E LAP #951E cut—off {4

HRAE HOMA-IR #8440 L MU/t AGHD 41432k IR 41,
IR ZH AHEAY LAP 1A i THE5[66.48(31.74,82.32) vs. 27.54(19.04,
49,69)](P<0.05), H %} LAP 'WC TG .BMI SBP #17 ROC h
2 FHET(E 1), i3 5 TR, LAP gk F 4L BMI,
WC.TG.SBP ., iF—#1 15451 LAP W7 IR Sl FHE
A 31.32, BEAHEUEE R 0.900 4 M 0.613, S5HANE 1
PR o #&75 LAP 7E12 W IR J5 T4 %% BMI,WC TG ,SBP

K.

#* 4 HOMA-IR {5 BMI.WC.TG 8%

Tab.4 Pearson correlation index between HOMA-IR value and

BMI,WC, TG
AR r 8 P
BMI(kg/m?) 0.32 0.039
WC(em) 0.414 0.006"
TG (mmol/L) 0.464 0.002"

¥:a:P<0.05;bh:P<0.01

24 HAKMEA5HHE LAP A&

LA LAP JJy[H 78 & BMI SBP . DBP . FPG FINS . HOMA-IR
A B AR AT 2 0% 8 MH 4 Hr & 88, BMIL,SBP . HOMA-IR
MK % (8=0.414 ,0.249 0.32, ) P<0.05) , %
JC [ J7 72 A Y e =—100.281 +2.935X 5 +15.275X youa i +

9 LAP {37 52

0.334Xgppo

%5 LAP.BMIFEE.SBP ROC HiZk THEHRK 95%HI A5 X (6]
( L HOMA-IR 5 5& 4 2.298 )
Tab.5 Area under curves and 95% confidence intervals for LAP,
BMI,WC and SBP according to cut off value of HOMA-IR=2.298

Ap i AUC 95%ClI PAH
LAP 0.796 0.653~0.939 0.004
BMI 0.718 0.567~0.870 0.033
wC 0.650 0.462~0.838 0.145
TG 0.790 0.649~0.931 0.005
SBP 0.611 0.404~0.819 0.277
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1.0 H i1 ; 7 &k 5
i il I __BMI

SR

- - logSBP
~--logTG
—-logLAP

0.8

024 1Y
A

0.0 0.2 0.4 0.6 0.8 1.0
154
B 1 ROC HZ5Mf LAP.BMI\WC.TG.SBP 3t IR KFillgE

Fig.1 ROC curves analyses performed for LAP,TG,WC,BMI to
define IR

33 it

CHYERAER 2, R BB E e bR K R
H & s BEN o STt s i . AGHD J&H T GH
B M5 A — RIS RN, BF5E & I — S5
O L RURS R T e PR A IR S 1 Qi 2 L7
GH = N & AR B vy 1 7 AR5 AR
WFFE AT 2 T AU S518 . WC WHR J2& & AR
FUPERE Y BB bR, WC IR CIZE A A2 W
FRUEZ — . Dallas Heart Study (DHS) 57 & B WHR
{RLBE 0 2 B ok 53 R R A O RS 1140 22 2 i ST 1 6
R4 AfF5E & AGHD AR WC . WHR SBP Hj
B TR AR, HE8 AGHD AR A A sh kil e i
b ARIZEA AR RS 3 17 AR

BWFIERIAE GH ez AHEH, Hoas I A A
HOMA-IR L F IE# AR, SR, WA D L I
N GH iz AR &I, A GH BRI B
FINS 5 HOMA-IR & F1E# AR A 55 45
—& AT LI, AGHD ARt FINS /KEFTHOMA-
IR 5 TXTHEAL X4 s 45 R A —2
P, R RE R T rg A AGHD B EfRFEA—
HE R AT AL AGHD HE ¥ iEHE 2 4F
DL E,GH = 5 E A0 2 6L 75 22— A i fa) ik

o

Kahn™88 A\#E WC  MLARFR PR IEARE D3 T —
AR R HE bR——LAP, A & LB G 5 br 7E T
IR O LR MS LUK DM 1) & A 0 T HAT 3
KHE9, H HATE NS OC LAP £ AGHD A
BE RS

R4 LAP PUS 07 50K AGHD ABE/ N 4 4,
HOMA-IR B LAP 338 . HAHCHE 34 &3 LAP 5
HOMA-IR 2IEAHX, E—L b7 Z 504tk mH 7
Br &, HOMA-IR 7 LAP Shs7 5ema B 25 FiR%s
PR LAP 5 HOMA-IR % YIHH5¢, HOMA-IR 14
ZINIPEAL IR 4848, CAEZ SR TP AR LIRSS
HCIRATARED LAP BT RE AT LAFE A HUN AT IR (1735
Fro ABFSE IR E X8 HOMA-IR (1) F P53 %, B
HOMA-IR>2.298 ¥£ 4 IR #6845 , X AGHD AREEFT
A3eH AT LAP fH A, XF T IR 28 AR E , Hos—
seinpanah®%5 AT 1 X} 129 44 3238 & I IR AE AL F6 b
HE4T ROC HhZ 48T, 2 125 IR fefE HOMA-IRIIf
FHER 2.3 AR GA o340 A K IR
NBE LAP B T+

AGHD ANHEA &A= TR s AU, DR AR Y i
—%F AGHD ABEH IR ARESEFT ROC #IZk F i
FUSHT . ASBFSE &0, LAP 126 T i A4 WC . TG .
BMI,SBP K, H. LAP fgefilh A HA Fb i iuskd:
H R F AR 27 IR 2 SO, Ui LAP 3%
WC .BMI HA B4R i2 W IR MrfE ., 0 LAP 7£
AGHD ABEH 2 b i # IR & 2B M0 (E .
HHC R 35 A HOMA -IR 5% 4 b v w8 Wi Sl 12 e
IR, LAP BJi2Wr IR fE I Aafaq%, (HExF TR AR
IS N B AT BB AT I 5 25K R 5 b
IR T RS 2 | HA A BE BT iz ik 4
Mg WC R THMEATH, [arH we &
TG HEAFRIH LAP #H4T IR P4, HAG B 5% A
P ERNE, R, X6 IR ARG L B0 0
5 AN = R v X e e = & S 2=y e ]
RUME ., K, LAP AIVE R —Fh Tk 2, %5 1]
ZEAN) AGHD & T T2 ekt , RIn 4125
T IR 500, TR A0 I A JXURS: it o A2 464 %
T2DM {9 [ 55 BE A= B A PR e AGHD AT
IR AT T AR F2E L,

WA BT &, 7€ AGHD ARFHHOMA-
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IR5 WC . TG BMI fFFE A B AH G, #2278 DA L ]
D NKII225 05 5 IR B9 & AR SE . B—1)
WC.TG 5% BMI 7£ IR Tl J5 T A AE A — i SR B
LAP fE— 45T WC il TG B IR R ES
B, WFEE ERUE, AT A A TIPS AR TR 15,
A G 45 AL TESE T2,

AR RIBRMEAE T, T AGHD B o s
WA, Tl ARG I N TR G 20 TR AR K 5 &
YRR AR, R, AT IESE T AGHD A
FEHARIRFE B IR F58 UAE & T 1E % ABE, LAP {H
AT LIME N AGHD &A= IR 2 W SR P $6hn , o F30
TR EIS IR

2 % X M
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