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Influencing factors for inadequate hypoglycemia in insulin tolerance test
MA Jiani, ZHENG Xiaoya, SHEN Yayin, ZHOU Xinyi, XIE Xuerui, LIU Jie, REN Wei Department of
Endocrinology, the First Affiliated Hospital of Chongging Medical University, Chongqing,400010, China

[ Abstract | Objective To investigate the influencing factors of inadequate hypoglycemia after insulin
injection at the guideline-recommended dose in the insulin tolerance test (ITT). Methods A cross-sectional
study was conducted on 416 patients with suspected adult growth hormone (GH) deficiency (121 males and
295 females) in the outpatient department and inpatient department of endocrinology in the First Affiliated
Hospital of Chongqing Medical University from January 2010 to December 2021. All patients completed the
ITT. The clinical data and biochemical information of the patients were collected, according to whether
hypoglycemia was sufficient after a single dose of insulin injection (0. 1~0. 15 U/kg) recommended by the
guidelines during ITT. The patients were divided into the adequate group (n=321) and the inadequate group
(n=95). Multivariate logistic regression model was used to analyze the influencing factors of inadequate
hypoglycemia. The receiver operating characteristic (ROC) curve was used to analyze the predictive value of
relevant indicators for inadequate hypoglycemia and to get the cut-off value. Results Age, BMI, initial
insulin dose, baseline blood glucose, baseline GH, fasting insulin, glycated hemoglobin Alc (HbAlc) , low
density lipoprotein cholesterin( LDL-C) and triglyceride (TG ) in the sufficient hypoglycemia group were lower
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than those in the inadequate hypoglycemia group, and high density lipoprotein cholesterin ( HDL-C) was

higher than that in the hypoglycemia group ( P<0.05). Multivariate logistic regression model showed that high
BMI, high baseline blood glucose, high LDL-C level and low HDL-C level were the influencing factors of
inadequate hypoglycemia (P<0.05). The area under ROC curve ( AUC) of BMI predicting hypoglycemia was
0. 880, and the cut-off point of BMI calculated by Jorden index was 24. 012, with a sensitivity of 0. 832 and
specificity of 0. 804. The AUC of BMI, baseline blood glucose, LDL-C and HDL-C in the combined diagnosis

of inadequate hypoglycemia was 0. 909 (sensitivity, 0.895; specificity, 0.782). Conclusion

High BMI,

high baseline blood glucose, high LDL-C level and low HDL-C level are the influencing factors of inadequate

hypoglycemia. The combined detection of these 4 factors and BMI single index both have a high predictive

value on inadequate hypoglycemia.

[ Key words |

Corresponding author: REN Wei, E-mail : renwei67@ sina. com

BN A K & B = fE (adult growth hormone
deficiency, AGHD) J&—2H & UL-F T~ I i -ae A 4l 4 3
Y PR SR, B R R B A AR R R R R
2 (growth hormone, GH) B/ 57 v]{# AGHD &
TE£ )7 35, T AGHD iy 12 R85, iE e
It AGHD 35 ST R IRy A s R > 7
GH FEAE Rk = WA A5 A, BRI BB HLIMTE GH ANE
T AGHD Y12 Wro B & Z A i g 3 & 1056 (insulin
tolerance test,ITT) J£i2 W AGHD [ 45> "' ITT
T AR B A A TR S50 (0. 1~ 0. 15 UZkg) Ji5 i b
<2.2 mmol/L 8¢ M ¥ <2. 6 mmol/L HAK T I Z 1
50% KA ITT % 15, B e U™ 5 A IR 2 A
SEPRHRAE TP LS B R 548 £ (body mass index, BMI)
H AR ML i A 3213, A 5 I ITT S R,
BT HE BUAS FE 40 AR LW , 33X 7] BB -5 1B 5 R AP UR G s % UE
BMI &7 5.5, H BMI — @ 2 BE 1 AT S B JB I 3R 41K
FoHOT HORTRIE B TR ITT A 78 50 16 11
SEMR A R[] i £ ) BMI U (R, LA S S 3t 350000 A8 5
SR MBS Y A A

1 M&57%

1.1 Rstd

PEHR 2010 4F 1 H & 2021 4 12 H FHEKRERR
B A — P g N 20 WA B TT98 BAT: e B it 12 14 ] %€
AGHD 75 416 i, b 55 121 4], £ 295 i, #4947
ITT. AR 3 B0 T S M8 5 32 i M1t 4R 5= 75 72 0 K5
416 Bl o A sE o IR MR A (n=321) R 7870 I
WL (n=95) o AR : QLA 8RBT k-2 0k
PIA 5 R He 2 OR TR A T AR OT S s ORI
PRI 5 @57 J5 K i 52 5 @A WIS A 28 35L
PERR I REIRE S B BB AN & o HEBRRE : O H A 3Rk
PR B B 2 5 Q0 il L4 0 B 0 R

insulin tolerance test; influencing factors; inadequate hypoglycemia

"™ i I B @ i R @™ F I B Dy se b
38 ; @RI B DL S IR I ot s O 7L 3 iR
5 @B R B s OMRIMBHE £ . ApR O E
IREERI A [ 8 5 — PR B C P2 D1 2 Wi A8 (2022-K324)
1.2 7%

2.1 JEREGER ISl E A AR B
PR BMI &5 JE Rl B | 180 10) 32 1038 FE Rl 2
(CUER e s AR PRI U 38

1.2.2 Afefads A 2 T2 RSl G
(IR0 1 o = 0 N 1| AN 2 N e i AN A N g
(glycosylated hemoglobin Alc,HbAlc) Z5 5005 &= K62 .

1.2.3 ITT 47 ITT Al —RZIAE IR R, 1 - 8
MJEEEUAE R AT ITT YR L, 2B A2 i

ARATAPEN IR, By B4 N 5% 37 i Jok e 1 0 v W
PAL, B KA A S AR S 2 0. 1~0. 15 U/kg J5
SRR B 25, 40 TR 30 min (35T O min
JFSHE 30,45 .60 .90 120 min SRE KA, PE47 U5
GH G o 4 30APK ot A A R, 5 1 7% B[] Gk ) o
BE GH B ) WEICa s | i A TR MHAER o K33
BHES RS IMBE<2. 2 mmol/L B ML H#<2. 6 mmol/L H.
I TFILER M) S0% A0 K i & i
1.3 %t

A et i fE SPSS 22.0 J R 4.0.0 #ffrh
17 £ Shapiro-Wilk #555 , £ 434 A AE IE S 404
THEGEEILL M(P,s, Pos) FoR , AR FLECR AES 808k
FELS 5 K FH Spearman AH JCPE 43 B 4G 30 AH G PE , IR
FHECE B B R inA 8] U (local weighted regression,
Lowess) 1 £ 7R —. 35 Bk, J7 22 I ik X+ (variance
inflation factor, VIF) >5 FJF5 5 5 5 Bl 1 22 85 4L 2k 1 ;
KM ZHE Logistic [0IH 7387, I AL Z 43t P<
0. 05 [FEFR , R JHIZ A5 81 )3 J5 s 0 18 B A8, 13 3R
7o 43 A I RE ) 52 e &R 5 ok 32 il T AR R AE



2326 i 25 %2 B R o, 2022, 44(22)

http : //aammt. tmmu. edu. cn

®1 RSRMBASAESMEMAEBNIGRTLRLE [(M(Py,Ps) ]

AT FEOHRILAEEH (n=321) ISR MBELH (n=95) P
4/ (1) 244/77 51/44 <0.001
AEH/ % 37.00(28.00,45. 00) 44.00 (32.00,52.00) 0.001
BMU/kg - m™ 21.40(19.56,23. 60) 25.82(24.24,27.70) <0.001
B E R R/U 8.10(6.48,9.52) 11.00(9. 00, 14.20) <0. 001
B (LB mmol - L7 5.00(4.60,5.40) 5.40(5.20,6.00) <0.001
34k GH/ng + mL™! 0.22(0.06,1.13) 0.07(0.03,0.17) <0.001
GH W ff/ng + mL™' 2.16(0.35,5.25) 2.02(0.21,4.00) 0.282
S %/ U - mL! 5.30(3.11,7.27) 15.72(11.28,19.73) <0.001
HbAle(%) 5.40(5.20,5.60) 5.50(5.30,5.90) 0.003
TSH/ng + mL™' 2.40(1.28,3.64) 2.07(1.19,3.21) 0.124
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ALT/U - L7 18.00( 13. 00,24. 00) 21..00( 14. 00,28. 00) 0.090
AST/U - L™ 20. 00( 16. 00,27. 00) 19.00( 16. 00,26. 00) 0.455
Cr/nmol « L™ 56.00(51.50,64.00) 56. 00(50. 00,67. 00) 0.906

(receiver operating characteristic, ROC) {f £& 43 #f7 #H ¢
FEARXT AN FE 43I IUBE i SO A, 158 29 5 46 £ds
B A S, P<0.05 NESEG 2SS,

2 #R

2.1 MAEBF I ARTA LR

FEo3 R MR 2H 32 150 1 0 2041 D B 1 77 9 Ak
244 5], A3 SR MR 2H 521238 PR3 o3 A o 55 v 44 441
L ST 385 OBE 2H 7 48 0% BMIL, 15 U 5 351
i R I R GH =S RS 3R (HbA e [R5 B2 AR
T IH [# B (low density lipoprotein cholesterin, LDL-
C) il = Cwriglyceride, TG ) ¥ 16 F /5 764 M6 L 4
ZH(P<0.05) ;5 % FZ A5 8 1 IR [E i (high density lipo-
protein cholesterin, HDL-C ) & F A 70 /0K bk 4, DA
FERAGIFE X (P<0.05,3% 1), fEHARIREK
2 (‘thyroid stimulating hormone, TSH) , f7 Ji % ( corti-
sol, COR) , {18 | i Bz i i & ( adrenocorticotropic hor-
mone, ACTH) , i JIH [ B% (total cholesterol, TC) , N &
iR FL 45 A2 il ( alanine aminotransferase, ALT) , K[ ]4&
AR AL, F2 HF ( aspartate aminotransferase, AST) , il
IiF (creatinine, Cr) BJIA G E X (R 1),
2.2 BMI 52 Mk B EZ M6 % 4

ASFEST AR MU 268 R FR 5315 [ & 2R ARORH SCHK , T
23 MR I 2% R B 5 R AP AR bR . BMI 525 i Jik

By R OCHR T A I, B BMIL i, = I R & F
THES e R4 BMI=24 Bt i LL 4y 19. 94%,
ANFE o3 AR LB 2 BMI =24 Jir o5 L il O 83. 16%
(3 2) AT MR IMUARZE v, Bl BMI 38 s IR e 5 2%
FERAR , FRI R NI AR BML 2 25 CHK
(B 1) o AR s 1 F R P s R R 0 3 2 v
FIEWARE(E 2) .

&2 AFEBMIARMBREFRSERILE [41(%) ]

213 n BMI<24 BMI =24 A1t
Fe oIk M s 4 321 257(80.06) 64(19.94)  321(100)
AFEIHR MAEL 95 16(16.84) 79(83.16) 95(100)
At 416 273 143 416
40 * =0
~ - ANFesr=1
i
E 301 =
- . —
2 e
#& 20 /
by
p
= 101
H
0-

10 20 30 40
BMI(kg-m™)

1 BMI 5=[EREFHXIEHAERK Lowess #i£k



http ://aammt. tmmu. edu. cn

il 25 %2 B R, 2022,44(22) 2327
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40 1 1.00 A
0.218(0.782,0.895),
T 241)12(0.804,0.832,)/'/
_é 301 0.70 A 5,180(0.626‘0,758}/’/ 7335(0.442,0.768)
a : /
'H%\? 20 _ % 0 SO 3.110(0.754,0.568
EE : . BMI
# .
& 10 0.25 | LRI
H | = IR i e
0 i P P I [
. . 0 1 ]
>20 <20 1.00 0.75 0.50 0.25 0
BMI/kg*m™ 14 S B

2 BMI S EFELE

2.3 FRASIKMIEF AR E G S B E Logistic =2
27

MRS 580 A (A Fear = 1,388 =0) ,
HEBR 22 B LR AR S AR AR IS  BMI B LK A | 5
2% GH.HbAlc .LDL-C . HDL-C .TG J [ 75 k37 £ A
% Logistic [B1IH 4347, R A1 20 H1H G 1 A8 &, 2557
R BMI ELZk 1B . LDL-C \HDL-C ¥ A 4t it 22 & X
(P<0.05,% 3) ;¥ AR L2k GH TG ¥ IEgiit+
2
2.4 ABRIEATIT R A LK A 4 09 T 1A

H BMI, FEZE 1 B | LDL-L  HDL-C 347 FUill i &0
S3HT, AR R BMI F50IAS 78 434K A ) ROC il &
T 1A (area under the ROC curve, AUC) & 0. 880,-%
2SR I BMI Y]y 24. 012, HURE Hy
0. 832, FE5E N 0. 804 5 FLLE M % T R 78 431K I 4%
[ AUC 2y 0. 730 , >R 29848 BT 33 G I B 28 i D)
SE N 5. 180 mmol/L, FJRE N 0. 758, K R R
0. 626; LDL-C A s8I ARG AUC 24 0. 700, %
PP HR B0 LDL-C Y] £ 3. 110 mmol/L,
R Ry 0. 568, 5 5 24 0. 754 ; HDL-C Fill A 5843
iR A i) AUC 2y 0. 627, Sk F 29 % 48 Bt 5 otk i
HDL-C ] S48~ 1. 335 mmol/L, s E 4 0. 768, 45 57
JEh 0. 442 IUF RS2 W S A 7870 U Y AUC
40.909, SRR N 0. 895 K¢ 5780 0. 782 (&1 3) , Bk
B2 AR logit (KM 75 7853 ) = 0. 551XBMI
+0. 922 x F 4% 1 $F +0. 702 x LDL-C —0. 982 x HDL-C —
20.016,

B3 TR A E LY ROC e
3 g

AGHD i R BURA AR R S48, 0 B R il oy S
PR BT R SR LIS SRR Y A OE RS
PR AR ROR IR R W, 5T - -
IR %l ( hypothalamic-pituitary-adrenal axis, HPA axis )
SEIR] R F ik AT R A # TTT A2 2 M AGHD #Y
b 7 AT LA B L R HPA Al i 3
BB R b B R S R B A 1M
BB L, e TTT B N3 AT 40 A
FE R MR R B2 R R R AT B 5, R A 724 Rl
B BMI U] SR, %5 22 R B EAT — 5 7 o

A KR NTT A FE RIS AR R 2R H AT 4518
HAK—E ZO0E5E &I BMLL RS R B £ T
TR WS s 9 5 2R AR BRI | e 5 2351 2
FILATE S MR 5 i R 1 AR g [ B
HESERL 4518, (H2 H AT i AR 32 K S A I A 46 AR o
BTN 416 B8 FH AT TTT, Ff70 A A 5873 K bl
AIRZIE A 2R, JF-45 H BMI I sifE . &5 2R3 W] BMI,
 HELR MUY | 5 LDL-C fik HDL-C 2 A 7873 L4 A
SRR R B8 BMI 2K 1 f%  LDL-C \HDL-C %
RSN R AN FE 530 IR AT 45 v 14 TS0 41 o

I 1 S S N R I
K BRAERTSE CUE S & B ARHT S BML i i 5
WA, 5 BMI, 5 LDL-C A e 2 b g i R AP
RIEFFTTRE ST AL A FEUE S BMI %8



2328 i 25 %2 B R o, 2022, 44(22)

http : //aammt. tmmu. edu. cn

IR 5% 25 W) A DG, 36 A T E S BMIT 5 Ji 5 R ke
A BRI [, AR 5T & B BMI J& A 78 01K
Mg 2 B 2R, 8 ROC i & 4513 BMI 4] 55 XF
AN FE 43V W 8 TR0 A A, 285 SR 22 B BMI T AS 5843
R IMLARE Y AUC A 0. 880, B850 b i BMI 4] 45
(B4 24. 012, i BMI>24. 012 kg/m® [ 3% i3 7]
T8 BN R ZR AN, A A0S AR R,
B 2R .

WL W, MR R 5 A 5043 (K B AE G
% A7 IR FARPTE Y MU AT R I R U
PE =8 TAHOCHR , 24 AR E 5 R — 43, sE IS 72
SRR Y & o RS AR 9T ST A B A A 50 T AN
FE M U Y i T %5 B — BMIL i) 5 4, {95 25 ] £
AUC M2 IR, B AR A B e LA T RS HE Y
FABHT , T B — BMI F50 0 7 Il PR LAt TS 5 058, 0, A
“h BMI S — 00 T il PR EA T . ARk
BLITT FF I R N 22 45, 8 LR A0 25 oAy F
FERIITT 23 53500 L SRS A , ™ 8 2 5 258
T2 PO R BRSBTS I A 32K
JLEE WAt B4 N JL#AT ITT i b o e &, ™
FEHERR ITT 25 20iE . AR AE 17/ ITT iR &
WZIRE AT EA RN o WA HERR 2E SAE | s
TR E B MR I ITT #E B A T2 T, ITT
LR o ol

AW WA AN R Z AL : QAT [R5, 75
BT ICBEAS (1 BA B B AT S 1 A0 9 2R 4 T B0 AIE s @A B 5T
SO, A2 R A 2 HH Y e b DA A
HE—E PR IR T o

g LR, BMI, 5 3628 1 B% | /= LDL-C /K-,
fI% HDL-C 7K -34Sy AN 56 0 A0 oW 114 552 i BT 2%, 1 5 1k
AR DU T BMI B — 8 3 35 %55 AN 78 430K 1M 4% A 55 e 1)
TR (ARG IR A 48 . T EE B % 08 ITT J i R E
S HE BMI Y] S LA 3240 18 24 KR
B0 DA R A R b

S 30k

[1] MOLITCH M E, CLEMMONS D R, MALOZOWSKI S, et al.
Evaluation and treatment of adult growth hormone deficiency:
an endocrine society clinical practice guideline[J]. J Clin
Endocrinol Metab, 2011, 96 (6): 1587-1609. DOI. 10.
1210/jc. 2011-0179.

[2] GUPTA V. Adult growth hormone deficiency[J]. Indian J
Endocrinol Metab, 2011, 15(Suppl 3) . S197-S202. DOI.

10. 4103/2230-8210. 84865.
[3] BURMAN P, MATTSSON A F, JOHANNSSON G, et al.
Deaths among adult patients with hypopituitarism: hypocorti-
solism during acute stress, and de novo malignant brain
tumors contribute to an increased mortality[ J]. J Clin Endo-
crinol Metab, 2013, 98 (4) . 1466-1475. DOI. 10. 1210/
je. 2012-4059.
[4] GASCO V, FERRERO A, BISCEGLIA A, et al. The cut-off
limits of growth hormone response to the insulin tolerance test
related to body mass index for the diagnosis of adult growth
hormone deficiency [ J ]. Neuroendocrinology, 2021, 111
(5): 442-450. DOI: 10. 1159/000508103.
[5] SIMPSON H, SAVINE R, SONKSEN P, et al. Growth hor-
mone replacement therapy for adults ; into the new millennium
[J]. GrowthHorm IGF Res, 2002, 12(1) . 1-33. DOI. 10.
1054/ ghir. 2001. 0263.
[6] SVENSSON J, BENGTSSON B A, ROSEN T, et al. Malig-
nant disease and cardiovascular morbidity inhypopituitary
adults with or without growth hormone replacement therapy
[J]. J Clin Endocrinol Metab, 2004, 89(7) : 3306-3312.
DOI:; 10. 1210/jc. 2003-031601.
[7] GABREANU G R. An update on the diagnosis of growth
hormone deficiency [ J ]. Discoveries ( Craiova), 2018, 6
(1): e82. DOI. 10.15190/d. 2018. 2.
[8] Wi N b 2. MNERBRBZ ARG
ZIL(2020 i) [J]. AN IR AL, 2020, 36
(12): 995-1002. DOI. 10. 3760/ cma. j. cn311282-20201130-
00798
Branch of Endocrinology of Chinese Medical Association. Ex-
pert consensus on diagnosis and treatment of adult growth hor-
mone deficiency(2020) [ J]. Chin J Endocrinol Metab, 2020,
36 (12): 995 - 1002. DOI. 10. 3760/cma. j. cn311282-
20201130-00798
[9] SKI&SC, ANEEE, BRTEL, 45, G TIepe i RAR M-/
R RO b B 8 R AT R S R R B IR R [T .
A NI U2, 2017(1) ¢ 29-33.
ZHANG Y W, SUN SY, CHEN Y H, et al. Optimizing the
method in calculating the insulin dosages in the insulin
hypoglycemia-growth hormone stimulation test: preliminary
exploration[ J]. Chin J Endocrinol Metab, 2017(1) ; 29-33.
[10] Ffg. BMI RIS s ARG R AR P A9 5 R AT 5T
[D]. KA. HMoR, 2021
WANG M. Study on the associations between BMI and insu-
lin resistance in non-diabetic population[ D]. Changchun:
Jilin University, 2021.

[11] MULLER-WIELAND D, KOTZKA J. Correction of insulin

resistance and the metabolic syndrome [ J]. Handb Exp



http ://aammt. tmmu. edu. cn

il 25 %2 B R, 2022,44(22)

2329

[13]

[14]

[17]

Pharmacol, 2005(170) : 591-617. DOI. 10. 1007/3-540-
27661-0_22.

KAHN B B, FLIER J S. Obesity and insulin resistance[ J].
J Clin Invest, 2000, 106(4) . 473-481. DOI. 10. 1172/
JCI10842.

MALIK S U F, MAHMUD Z, ALAM J, et al. Relationship
among obesity, blood lipids and insulin resistance in Bangla-
deshi adults [ J]. Diabetes Metab Syndr, 2019, 13 (1)
444-449. DOI. 10. 1016/]. dsx. 2018. 10. 015.

AJALA O, LOCKETT H, TWINE G, et al. Depth and
duration of hypoglycaemia achieved during the insulin toler-
ance test[ J|. Eur J Endocrinol, 2012, 167(1): 59-65.
DOI:; 10. 1530/EJE-12-0068.

SARLOS S, INDER W J. Selective use of the insulin tole
rance test to diagnose hypopituitarism [ J]. Intern Med J,
2013, 43(1): 89-93. DOI. 10. 1111/imj. 12011.

LEE P, GREENFIELD J R, HO KK Y. Factors determining
inadequate hypoglycaemia during insulin tolerance testing
(ITT) after pituitary surgery[ J]. Clin Endocrinol ( Oxf),
2009, 71(1) . 82-85. DOI: 10. 1111/]. 1365-2265. 2008.
03466. x.

LANGE M, SVENDSEN O L, SKAKKEBAEK N E, et al.

An audit of the insulin-tolerance test in 255 patients with

(18]

[19]

[20]

[21]

pituitary disease[ J]. Eur J Endocrinol, 2002, 147 (1)
41-47. DOI: 10. 1530/ ¢je. 0. 1470041.
TAKAHASHI K, NAKAMURA A, MIYOSHI H, et al. Fac-
tors associated with an inadequate hypoglycemia in the insu-
lin tolerance test in Japanese patients with suspected or prov-
en hypopituitarism[ J]. Endocr J, 2017, 64(4) . 387-392.
DOI: 10. 1507/ endocrj. EJ16-0332.
Pk, (LA, B, & ITT RS Wi 22 % 4
PELEELT ). MR AR R A2k, 2012, 37(4) @ 346-349.
LIL M, REN W, LI J C, et al. Clinical observation of
diagnostic value and safety of insulin tolerance test[ J]. Med
J Chin PLA, 2012, 37(4) . 346-349.
BINDER G, BOSK A, GASS M, et al. Insulin tolerance test
causes hypokalaemia and can provoke cardiac arrhythmias
[J]. Horm Res, 2004, 62(2). 84-87. DOI. 10. 1159/
000079539.
SHAH A, STANHOPE R, MATTHEW D. Hazards of pharmac-
ological tests of growth hormone secretion in childhood[ J].
BMJ, 1992, 304(6820): 173-174. DOI. 10. 1136/bmj.
304. 6820. 173.

(%5 :2022-03-19; & [F] :2022-05-24)

(¥ xHkk)





