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Evaluation of the value of application of continuous glucose
monitoring system in a rabbit model of hypoglycemia
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[ Abstract] Objective To establish a rabbit model of hypoglycemia and evaluate the accuracy and timeliness of
hypoglycemia monitoring by continuous glucose monitoring system (CGMS). Methods  Sixteen female New Zealand white
rabbits were randomly divided into 4 groups, with 4 rabbits in each group. The rabbits in the control group were given
intravenous infusion of saline. The animals in the experimental group were infused with insulin continuously, which were
divided into 0. 1 U/kg/h insulin group (RI=0.1 U group), 0.2 U/kg/h insulin (RI=0.2 U group) group and 0.4 U/
kg/h insulin group (RI =0.4 U group) accordingly. During the experiment, CGMS was monitored for 240 min. Blood
samples were collected at a 30-minute interval and the blood glucose level was measured by a hand glucose meter. Results
A total of 1296 CGMS monitoring data were obtained during the study period, and 136 BG monitoring data matched with
CGMS time were obtained. After the insulin administration, BG and CGMS were significantly decreased. The reduction
rates of BG and CGMS were 0. 016 and 0. 017 mmol/L/min in the RI =0. 1 U insulin group, 0. 04 and 0. 027 mmol/L/min
in the RI =0.2U insulin group, and 0. 049 and 0. 032 mmol/L/min in the Rl =0.4 U group. According to whether BG
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monitoring value was lower than 4.4 mmol/L, the BG-CGMS paring data were divided into hypoglycemia and

normoglycemia. In hypoglycemia, the average deviation of BG-CGMS was 0. 55 mmol/L (the upper and lower limits were

—0.98 and 2. 08 mmol/L, respectively) and the absolute difference percentage (RAD) was 40.2% + 45.2%. The

mean deviation of BG-CGMS in normal blood glucose was —0. 19 mmol/L (upper and lower limits were —1.38 and 1. 00

mmol/L, respectively) and 5.8% =+ 5.3% in RAD. The error grid analysis (EGA) showed that the proportion of zone A
was 93.4% , 0. 7% in zone B, and 5.9% in zone D, and the zone D was distributed in area of low BG and high CGMS.

Conclusions The results of this study indicate that CGMS has a significant hysteresis phenomenon when blood glucose is

reduced rapidly. When the blood glucose levels fall below 4.4 mmol/L., CGMS may have a risk of overestimating blood

glucose. Such risk should be fully considered during CGMS clinical application.
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Tab.1 Basic situation of the experimental animals

CGMS il e urilkver [ZLE S o
|, CoMs i A i TR e 2
A (kg) A (/R R/ H) AFIE] (min/H) Number of convalsion
Body weight (kg) CGMS monitoring BG monitoring Insulin injection i
. . . . cases
data points data points time ( min/rat)
POz
TR 3.1+0.6 324 90 0 0
Control group
RI=0.14]
.3 £0. 24 + 188 +62 0
RI=0. 1 group 3.3+0.3 3 9+0 88 +6
RI=0.2 4
i 3.9+0.7 324 7+2 105 £17 2
RI=0.2 group
RI=0.4 4
3.3+0.4 324 2 2 +£21 4
RI=0.4 group * o 02
P 0.019 / 0.265 0.015 /
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X FAH ] B A TR 40 (Rl A 22 5%, CGMS Wil 2.3 K[ BG TREEEREI CGMS i# /it iE
(ELTE R 5 T 4 1 S 6 B 220 RN RS2 78 48 30 min 15 mFE3 PR, B FREFNEHR 0.1 U/ (kg-h) B,
LRI ENE(P 3510 0,848 F10.413) ,HFLETE COMS & B UM A4 I a] i A AT, 11 24 JBE ) 57
$760 min JE BT AR &3 NMRB R EHR  EINFE 0.2 ~0.4 U/ (kg-h) I, CGMS 7&K I BG
CGMS Wi 44K F X B 4L (P {E7E 0. 002 = < FEAIRE 4. 4 mmol/L HBFAIH 5 6 ~ 16 min, &K BG
0.001 Z[i]) , BG WME W/ TAHLIARE AL, A BRIRE 2. 1 mmol/L MBI 5 29 ~43 min,

JE i T BRSSPI BN 2 N5 221 5F 30 min IF 255+ 2.4 Bland-Altman % EGA 247

ToRFEME (P 435 0.338 F10.064) , 152215 5 Bland-Altman Z3H7 W1 & 1, BG W iM{EAK T 4. 4
60 min J5 BT A BT 3 NS EFEAN BG W mmol/L I SEX w254 0.55 mmol/L, FFIRN -
MHEIACF X IR (P {3 < 0.001) , S5 RS 0.98 ~2.08 mmol/L, AD 4 0.7 + 0.6 mmol/L,
90 % 150 min HI[H],BC /KFYJFRM A (RI=0.241  RAD H40.2% =+ 45.2% (RAD fei h209% ), 4
MRI=0.44)ET(RI=0.14) @B TXEA,  BGWMERT 4.4 mmol/L i} FHf2 K -0.19
AP AE B, 180 min ZJ5 BG Wi{E 2 7 A& mmol/L, L FFRA - 1.38 ~1.00 mmol/L,AD 4 0. 4
g b, A ) JB B 25500 5 20 00 B9 CGMS-BG +0.3 mmol/L,RAD 9 5.8% =+ 5.3% (RAD &
ZAE AR RS 2 ES G 120 min BFH S ZS AR F20%), K 2 B8 T EGA 74#r, A X 5 IR
FE(P =0.028) ,RI=0.2 HM RI=0.4 AT  93.4% ,BIXN0.7%,D X H59%, H D XH5}
RI=0. 1 ZLFIXFHEA i T BG K CGMS 7 Ay X 3,

R2  ON[HEEE S FFLBE I (CGMS) I ( BG) K H & T8l (2518 (n =4 ,CGMS-BG)
Tab.2 Continuous glucose monitoring ( CGMS) , blood glucose (BG) and the difference between them

Yl Jebi f5F 8] ( min) Time
Groups Index 0 30 60 90 120 150 180 210 240
CGMS 6.1+0.3 5.8+0.7 6.7+0.8 6.2+0.5 6.4+0.4 6.0+0.3 59+0.6 57=0.2 5.3+0.2
X} HRZH

BG 6.2+0.2 6.3 +0.5 6.7+0.3 6.6+0.5 6.8 0.9 6.2+0.4 5.9+0.7 5.9+0.5 5.6+0.5
Control group

CGMS-BG  -0.08 £0.05 =0.53 £0.46 -0.02 £0.81 —0.43 £0.58 -0.40 £0.79 -0.18 £0.25 -0.05 +0.61 -0.13 £0.33  -0.35 +0. 31

CGMS 59+1.3  56%1.9 4111 3.9x1.2 32209 2.5%0.5 2.4:0.5 2.1x0.3 2.2+0.3
RI=0.14 BG 59:1.2  6.0:1.3  3.6x0.4 3.8:1.3 3.4x1.3 2.6%0.9 2.4:0.7 2.4+0.6 2.0£0.5
RE=0.1 group  0oMSIBG 0,00 £0.08 —0.40 £0.65 0.43 £0.98  0.10 £0.71 —0. 15 £0.57 —0. 10 £0.76 —0.05 0. 53 —0.30 £0.32 0. 15 £0. 24
CGMS 5.5+0.7 4.7+0.5 4.1+0.5 3.1+0.8 2.4x0.7 2.2+0.4 2.5+0.3 1.5x0.1 1.5+0.3

RI=0.24
i BG 5.5+0.6 4.4x0.8 3.1+0.6 2.0+0.5 1.4x0.4 1.4+0.la 1.4+0.la 1.2+0.0a 1.3 0. la

RI=0.2 group
CGMS-BG  -0.05+0.13 0.23 +0.87 1.00+0.61 1.13+0.98 1.00+0.94 0.50+0.28a 1.20 +0.14a 0.25+0.07a  0.40 0. 14a

RI=0.4 4] CGMS 6.4 £0.7 4.7+1.3 3.9+0.9 3.2x1.1 2.2+0.3 2.4 £0.6b 2.5+0.3 3.1+1.7 2.9+1.1
RI 704 - BG 6.6+0.7 4.7+1.4 3.3+0.8 2.1+0.1 1.2£0.0 1.1+£0.0b /c /c /c
=0. 4grou
eronp CGMS-BG  -0.18 £0.05 -0.03 £0.35 0.55+0.49 1.05+1.18 1.00+0.32 1.00 +0.26b /c /c /c

T VR BE Bl mmol/L, RI: I, 54 507y U/kg/h; CGMS : FFZHE WA R 48 ; BG « M4 ; COMS-BG: Wi (] 25(H . a:n =25b:n =3 ;¢ Wi AR 4R MK
BRAS,
Note. The unit of blood glucose concentration is mmol/L. The dosage unit of insulin is U/kg/h; CGMS: continuous glucose monitoring system; BG: blood glucose; CGMS-

BG: Difference between them. a: n=2; b: n=3; c: Epilepsy, blood samples were not collected.

F®3 AR BG TR COMS ¥ 5T (n =4, min)
Tab.3 CGMS lag time at different BG decline rates

BG = 4.4 mmol/L BG = 2.1 mmol/L
BG CGMS 5 W] ( CGMS-BG) BG CGMS 5 i) (CGMS-BG)

RI = 0.14

2 - 21 2 -1

RI = 0.1 group 7 76 7 5 00 5
Rl =0.24

RI = 0.2 group 28 44 16 86 129 43
RI = 0.44

4 40 46 6 87 118 29

RI = 0.4 group
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BG<4.4 mmol/L (n=75) BG<4.4 mmol/L (n=61)

3r 3r
&
2l &—-e mean+1.96SD=2.08 mmoll.  _ |
3 0% 00 o S
s ¢ o < )
E & %0 £ 1t mean-+1.96SD=1.00 mmol/L
o & & mean=0.55 mmol/L e
> < Q
2 ot NS 2 ol
%) 0@80 00 L %) mean=-0.19 mmol/L
= S ® =
o NS &
O -1t &5 mean-1.96SD=-0.98 mmol/L.  © -1}
mean-1.96SD=-1.38 mmol/L
2 . L L . ) 2 L . . L )
0 1 2 3 4 5 0 2 4 6 8 10
BG (mmol/L) BG (mmol/L)
T« AR R B G K RN ZE (B ( BG) , YA A5y CGMS 45 BG [M]22{A (CGMS-BG) , I rh 7R T F-#4 4 2% (mean ) S JL IR,
B 1 Bland-Altman 2347
Note. The horizontal axis is the value of ear vein blood glucose (BG). The vertical axis is the difference between
CGMS and BG (CGMS-BG). The figure shows the mean average deviation and its upper and lower limits.
Fig.1 Bland-Altman analysis
Clarke's Error Grid Analysis
400 T T T T T T T
E C B
350} 1
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G AR BG MEIN{E, HhA bRy COMS HEMIME
4 & EGA 43H7
Note. The horizontal axis indicates BG monitoring values, and the vertical axis indicates CGMS monitoring values.
Fig.4 EGA analysis
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YSI-CGMS it Xt %540 8, 466 XoF 25 {8 B4 AH X 450 Hp 4oz
(RAD) 4 20. 1% , H 1 23% I §% 7K ~F- ik F 75
mg/dL,64. 9% ] CBG {HAF A 15O MUBHASCR IR,
Clarke TR ZMHE 4387 B 91. 77% i T A X1 B X
(RIMBELI N 75.6% ) . Jacobs 2" WBFIE AN T
HA BP0 1CU B3, 55K LAAE 42 36 410 i 48 1t
FRAKER BE R b e, 76 & AR 0 12 YA o 2 14
(IMAFEAL T 75 mg/dL) , A 1 K CGMS 5 Ut a1 AH
XEE/NT 5% ,5 WA XF2Z(H/NT 15 mg/dL, Lee
LT COMS A2 = fa B N, 78
CGMS Wil 11y [] B, 4 /0N B SR 4 = 448 1L A8 ot 3000 2 i
B ARAF 122 AR AR , b 3 WIiBHIR T
70 mg/dL,RAD & 47% , ASWF5¢ LAFE ik i POC i
VHE(BG) MbrifE, L3015 136 X EC X s, 4% 18
BG KT 4. 4 mmol/L [X 43 A i 4 A 1E 5 1M b
WA 7K -, 2% B I A s ) ~F 359 i 22 38 55 (0. 55
mmol/L) , i 2% I FFR#4 55 ( - 0.98 ~2.08 mmol/
L) ,AD (0.7 mmol/L) Fl RAD (40.2% ) #4 K. EGA
SRR, D X R 5.9% , HY 4 T BG %
COMS [ X3, ik s 45 R4 7R K M B CGMS
AELE rR A B 147 B 330 000 25 SR04 %o K8 3 ) g
T3 B SR

FRATHEREF v SR FH J0 2 28 5 52 0 ik v 3 1 7
BT I IR 5 2067 it A, B Y R SR AN [
I 5 2 S R 5 3 AN [ ) IR o2 I S B ()
BFPEHY COMS WA A AR s s i) B . # H
BURAE , CGMS £ 58 I 2l A 78 v iy R 1) AH G
R D DT R COMS W H 1% (3 56 b R
FHT 50 3 f, 0 Dk T S 4R 26 W VS T e I
B ARG A 22 H 007 T B 0 A 2 0 STk F AR
FLIE 5 AN [ I e B A AR OGP Mord AR
CGMS [N FH T R s J A5 78 | g K T Uk JBRe By 2% ik

BAYRTEST, LE T WK AE H AR A8 S B2, At
UK 0.1 ~0.4 U/(kg-h) R R FRLL # kS,
BCTIRLALL H i 0 R A RS 457 0.1 U/
(kg-h) 5 Z B, POC Wl 22 9 BG {ELFI CGMS 5]
{BAESE IR (1) 240 4380 S IMZME T FER & BG
FICGMS (1 & B BE JL-F- A [\, 43931 R 0. 016 F01
0.017 mmol/L/min, P& S ZHEAHMN,BGC T
R BEdLm e, 76 0.2 F10.4 U/ (kg-h) 44505 K
0. 04 10. 049 mmol/L/min, B R E )& AWF5T
RI BG T B B AR, CGMS W i H 21 B
WHHE R4, AL BG % T 4.4 mmol/L M1
Jﬂl*%ﬁ*ﬁ,l 1 mmol/L ﬁﬁiﬂﬁ‘ﬁiﬁﬂ@fﬁlﬂlﬁﬁ{ﬁ,
HRAE (R J7 #2 , AT LATH5 H CGMS AHXS T BG 1Y ¥
JEIsHE] . B ZEFI R 0.1 U/ (kg-h) B}, CGMS %
PRV IO £7%) Fof ) WA 2 T, 7T 22 R I 2R £ e
£]0.2 ~0.4U/(kg-h) B}, CGMS 7E % #{ BG F#FKE
4. 4 mmol/L FIIEIH G 6 ~ 16 min, K P BG &K E
2. 1 mmol/L AYHEF[B]#E 5 29 ~43 min,

T B R RS AW 5T & BB LA
PREE FEACHT CGMS H B IA 5 i 5 B4, (H 2 1ICU
B 21 IR B T R S K A, v CGMS A
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