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Insulin evaluation and prediction model based on back-propagation neural network
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Abstract: In the research and treatment of diabetes mellitus, abnormal blood glucose will not only seriously affect the physiological
functions, but also damage the tissues. Therefore, the research of insulin evaluation and prediction model is of great clinical
significance for maintaining blood glucose balance. In order to understand the effects of insulin on blood glucose regulation, the
related data of blood glucose-insulin metabolism system were obtained by oral glucose tolerance test in cynomolgus monkey.
After screening and preprocessing the obtained data, insulin function evaluation indexes were selected as the characteristic
parameters. According to the level of glucose tolerance of cynomolgus monkey, an insulin prediction model based on back-
propagation neural network was established, and the predicted values of insulin evaluation indexes had a good correlation with
the true values. In the proposed model, blood glucose level and physiological parameters are used to evaluate insulin secretion,
thus assessing and predicting the role of insulin in the blood sugar regulation process, which provides certain reference information
for glucose tolerance assessment and assists in the diagnosis of diabetes mellitus.
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Tab.1 Baseline information of cynomolgus monkey

Parameter Normal group DM group
Age/years 7.60+0.55 18.70+6.65
Weight/kg 10.16+1.70 5.864+2.77
BMI/kg - m? 49.31+9.23 35.69+8.56
Heart rate/times - min™ 154.60+5.98 180.60+26.17
Systolic pressure/mmHg 154.60+5.98 120.80+16.06
Diastolic pressure/mmHg 59.00+5.05 59.00+5.05
FPG/mmol-L" 4.43+0.40 8.91+£3.22
Fasting insulin/mU-L" 54.74+44.07 19.59+13.93
HbAlc/% 3.98+0.16 6.9143.17
Triglyceride/mmol -L" 0.29+0.17 2.35+2.71
Cholesterol/mmol - L 2.88+0.40 3.90+1.70
High-density lipoprotein/mmol - L’ 1.61+0.32 1.314+0.41
Low-density lipoprotein/mmol - L 1.714+0.26 2.24+1.26

DM: Diabetes mellitus; BMI: Body mass index; FPG: Fasting plasma glucose
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Tab.2 Preprocessed data
. Range of
Parameter Name Explanation
parameters
Input Gender Gender 0,1
BW Weight 3.2-13.0
Glycated hemoglobin
GHb_base ) 3.8-12.2
baseline
Ps Systolic pressure 101-154
Pd Diastolic pressure 51-66
HR Heart rate 132-217
FPG Fasting plasma glucose 2.74-21.32

15 min glucose level
ml5PG 3.17-21.75
after glucose load

30 min glucose level
m30PG 3.41-21.13
after glucose load

1 h glucose level after
h1PG 3.59-25.72
glucose load

90 min glucose level
m90PG 3.76-26.79
after glucose load

2 h glucose level after
h2PG 3.49-28.47
glucose load

3 h glucose level after
h3PG 3.06-28.45
glucose load

Modified B-cell
Output MBCI o 0-464.63
function index

Early insulin secretion
DI . -110.9-341.7
index

AUCns Area under insulin curve  13.23-5052

Ratio of insulin peak to
Ripio 1.00-44.85
base value

2.3 1REENT

AR SR FH Ak B S5 i B 48 L 3 T MATLAB
R2017a 15 , R BB 5 J2 1) BP #il 28 X 45 25 g 1o
X 4 35 J 5 ZE A A T PN I 2 e e R RO ] R
JZA5SE, Sk BERRE)2 2 R A RS R,
YIZREE Rz AL pe S deok , FLT 45 SR T 5

PRI A 0 E 5 2R 10 3738 U IE Y 7 =X, M
FEARE B TR 22 RMSE S5AHCHE P2 30 Hbni
WO Y B R Y WA RERE AR AT

RMSE = (4)
_ Cov(Y,Y") (5)
aY)o(Y")



b

11 PhlEHe, 45 HET BP IR 25 A I 8 ZK IO T A

- 1321 -

B XA S B R AE U T T %) BP #2228 31| el A2
HALRINT

Step0: AR HE RS Y, _, , , , A IS DU 2 B
FEAI B ERRRE C

Stepl: WIIH L R G A)Z &2 St )2,
B 5 S A S BT SO 134 B B S BT S Bk 4
A IERRE B S B RSZ T A A
TCZ I AR w SORE b B B & )2 PR TT il R
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s<N (7)
s=log,m (8)
s=m'n (9)
s=m+n+a,a=1~10 (10)
szm;n (11)
s=~ [(0.43mn +0.12nn + 2.54m + 0.77n + 0.35)+ 0.51
(12)

ARSI PR R AR TR m =13, n=1,
ZEEPNR sWIE NS, 16 s =5 AT, BS 2 Sk
JENT SRS REL f(x) « g() CT5 AL R EI M 27T
(AR PR PR BT B2 I A, 0] LA 25 e
PRELI I B YIS BB M REFR A% , LA MBCIEY
TR R ], 255N 3 7R o Ho purelin FR
HERS PR, logsig Fl tansig s fELISGE Rl 331 4 (0, 1)
(-1, 1) Sigmoid FREL, 4 1 Fi7R .

3 TEFHE IR BN BP MK M REIEIR

Tab.3 Back—propagation (BP) neural network performance index set by different transfer functions

§=5 Output layer: purelin Output layer: logsig Output layer: tansig
RMSE=46.6 RMSE=99.46 RMSE=59.31
Hidden layer: purelin
P=0.44 P=0.19 P=0.23
. . RMSE=42.23 RMSE=99.72 RMSE=39.59
Hidden layer: logsig
P=0.52 P=-0.49 P=0.64
RMSE=41.22 RMSE=99.52 RMSE=48.30
Hidden layer: tansig
P=0.55 P=0.11 P=0.43
5 purelin(x) 4 logsig(x) 1 tansig(x)
0.5
0 0.5 0
-0.5
5 0 -1
5 0 5 5 0 5 5 0 5
X X X

1 3FpEERE R ER P

Fig.1 Examples of 3 kinds of transfer functions

4 BPH#ZMLTN MBCI DI AUC s\ Ry IS H1% 3%
Tab.4 Parameters of MBCI, DI, AUC\s and Ry, predicted by BP
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B HJZ Y e ] tansig pRER, AT LAFE 4RI EL T A
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neural network

B TORPHE AR T 2O B M, paramer TS O e
9 NATY R transter ction transter function nodes: s
TE “logsig-tansig” # B sRBSE T , U A0 BCI s : "
e N UG e 0gsig tansig
10 752 B Uk 19 77 CPPAL AR PR RE , 25 R 1% 2 By
DI logsig purelin 10

AR AT LR 4 S R B 5 30 A RO TR K ' .
BORYERE S BUE 1 FHR FREA RS, o= 1 b 4V B puretn !
AP 27 R AR UEWRZ A ek

Ripio tansig purelin 7




i $354

- 1322 - Hp ] R 2 Bl A
P
0.8 T T - -
e
07t ; C/I ]
g h-N &
0.6 P 1
i
05 0 . ‘ ‘ . ‘
2 4 6 8 10 12 14 16
RMSE
45 ; : ;
40 G‘\ /\';)"/8\\
i B o
35+ \\/’*%*e/@
30 : . :
2 4 6 8 10 12 14 16
s

2 FEsE T BPHEMLEMEEEER

Fig.2 Performance of BP neural network under different s

MBCI: BP neural network prediction output
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Fig.3 Comparison of 4 insulin indicators between values predicted by BP neural network and expected values
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