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Construction of a shortage risk early warning model based on risk matrix
evaluation and Bayesian belief propagation neural network
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[ Abstract] Objective To construct an early warning and hierarchical response model for
drug shortages. Methods To collect the drug use monitoring data and the shortage drug disposal data
from public medical institutions in Beijing from January 2022 to December 2023. Based on the risk
characteristics of regional and universal drug shortages, design shortage risk indicators and establish a
regional risk early warning model using risk matrix evaluation. Establish a universal risk model using
the Bayesian confidence propagation neural network (BCPNN) method, and further construct a drug
shortage risk monitoring and hierarchical response model to verify the model's effectiveness through
case analysis using relevant data of Beijing. Results In 2023, Beijing collected monitoring data on
drug use from 402,618 cases, involving 10,872 varieties. The model identified drugs with universal

shortage risks, such as methotrexate, nikethamide, and pralidoxime chloride, as well as drug varieties
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with regional shortage risks, including azithromycin (from Enterprise S), trimetazidine (from Enterprise J), and

Maixuekang (from Enterprise C).The verification results showed that the regional model achieved a monitoring

rate of 94.7% for the shortage drugs listed in the report of Beijing in 2023, and a monitoring rate of 72.7% for the

shortage drugs not included in the list. The universal model had a monitoring rate of 31.6% for the shortage drugs

reported in Beijing in 2023. Conclusion The monitoring results of the drug shortage risk early warning and

hierarchical response model are quite consistent with the actual shortage situation, and the model has a certain

degree of reliability and feasibility. It can provide a reference basis for addressing drug shortages.

[Keywords ] Drug shortage; Drug use monitoring; Risk warning; Signal detection; Bayesian confidence

propagation neural network
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Table 3. Variable meanings of the fourfold table
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DX e AR 90 e 1 e R T GIERIRF
BETE T4 25 o AR L DXV XU BCPNNESAfRS M S S CRIBERIEE) | R S5 )
B3 44 245 0™ A LA DRI R XL BCPNNKGNTEAE S FE AR DI J SR A, (CRIBUSE VR DRI S it )

LI 124 25 S e — 2R D I P B X

BCPNNAGI A5 5

"
RPN . JEOCHE CInssds . ¥938)

1.3 1=EEVIGIE

AT R R 3.2.5 FAEXF 2022—2023 4L
ST 24 R R A T B b, KR
J B TS e I R R IR 25 R, T
SR 2 U BN S B M A R A B AR AE
2557 I BP9 A sl 2 5 B0 LA A Sy SEAR 7 A B
7, T8 HANE B2 5B DL S R4l A Ay
Mrepfi) , RAIZRIEAESE, DL 2022—2023
APl T 2h S A R 2R gE 2023 A
B2y B T v PE R Ay IR AR, T A f

2y (33 ) Ak X el et dfe JRURG: A IR0 ) ok 7. 56
TEEE, TH RN BRZY S (19 B ) ARk X el AR
(R T8 B0 I B 38 A XL R0 £ 2 i BRI 4
TEMFEAR s an T

X P A AL 56 E (3 T T A + T
) e MR (R AR P S el AR PR L e
Bx 100% ) . HERG R (IF B 12 B0 A 1 R
B ox100% ) . A W2 (IF B 0% Fus br
X 100% ), Hrf Wi a5 28 S XS LA
Sy DX Sl P AR S ) T B B ER/33 x 100%

https://yxqy.whuznhmedj.com



ZHEHIE 2025 £ 12 BE 29 55 12 1

B KTV B P Ay DX S AR TR T 1Y) 3 L P e
/19 x 100% .,

3 P A R B0 E (AIE SR ) - S
5Kt % (BCPNN 15 5 & 35 135 5 4 4 f
/19x100% ) . KEiHEFE CFRNBOIES R E
S0 B/ AR AR S x 100% ) o
1.4 FitESHF

SR FH DU 2R J7 A5 55 53 ) e i 37 LA X S
PR T 4 S 5 s bR B — BobE (7 K ) LA
T SR DX I P A8 55 3 g A 7R 23 R A DG I
( Fisher ffiUIMERE, ARV ) , LA P<0.05
RZERBGIERE L

2 #R

2.1 XEMHERXEEINER

2023 APk 5T T AR 24 b Al W AR R B
402 618 5], ¥ S i A 10 872 A4~ LA 24 i i H
=P Al R EEAR S T L, AL 2023 AR IX
BRI FR AR AR T 241 At FH d 20 L
B BT AU B DD ] ) L AR R XS HE bR
(A DX 3 IR S 4 Y 2 X3k, T o
245 il FH 44— A2 e Al DX RURS R R, i
SRS SRR 1 031 A4S, KU 963 4, —
PR 2 697 4, WA AP 2 763 4, A7l
2057 K.
22 TiRMEHRXKERIER

T DX e e PG 7 0 48 SRS 1 S A
S e B (NSRS B N T K AN = s | N )
2023 A Wi v, [)3E 44 24 i o B D
BB AL AR B S S i UG 2 B
Al ) 750 0 308 ) 42 24 i 0 DX e e XL 5
G Ho A [R] 550 388 FH 44 247 il A 1 R DXl P et JXL
S iC D, BCPNN Rl Z5 5 o, 559155 308 4%,
W2 231 R
2.3 ZHmmiE R K 53 20 N Xt 45 SR

MR PRI GE L ,  aT A I0)<E s A  afe JR U

2031

K2y o0 W | Rl Rk S 4 231
Tl A T DXl e e PRI 0 ot o Ay B 3
Rk s, -1l I, Bk -4l C.
TR Z 2 1 763 A, R W e A
R -l Y . BTG -k R DL
b S %52 697 A~ L5 WEIN s 2k R AR
SREUTRBERE (%£5) .

2.4 EBEIXFELIEIE

T RN SRR N 2R, 4
JE BRI PERE -

T HANECE B (AL BT X X PR R ) . 33
Tl B AN e 2 b, DX AR R o T T 24 Fif
(=96, —910Ff, —Z8Fh) , Wm=xK
727% (24/33) , K& 0.9% (24/2763) . £
FERF R, TP (FER I H PR ) =24,
FP (FAIFEAHSEPRATE B ) =2 739 (F=A: X Ik
JXURS T S AP TP ), FN (RSERR 2 (H SR
f) =9; TN (BB T H SRR /it ) =8 109
(I SRR -FP ), BORIEUE (R AR TE )
Ssehrams (PR YA ) —SERA S
I E U (°=38.85, P<0.001) , Zr4 45 53
A IEGE 100% (3/3) , /R H R e ) iR
BIRE TSIV EE . R 9 Rl i 2 AR BE(E B A
SRR, RS HEARE A il & AR BME (£ 6) o

T BN BYE B0 AE (BE X X B 5 gk e A
B) c 19 PR BN i, DX AR TR
18 Ffr, WaillR 94.7% (18/19) , ME— R
B BB XS 8 > 0%, fFA R
THEHE; R AR 6 M S (£7), W
M3 31.6% (6/19) , FEHHH 2.6% (6/231) , &
Fisher #fi VIHERILKE K, (555040 5 X SabE RS
ERRIEHE (P=0.047) , k{555 XX
OE=IE AT

Zi b, DX XU A5 A A 3 A 2 i
Bl b LB A, 94.7% W WE SRR B T H G}
BRI 2 e R O RS R AE Sy AETE B

R5 Zhm AR RXURE S B 43 1 R AR B A HH 45 3R

Table 5. Output results of the model for monitoring, analyzing and responding to the risk of drug shortages
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Table 6. Risk and results of data information of non-listed drug shortage reported in Beijing in 2023
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Table 7. Risk and result of data information of drug shortage in Beijing's report list in 2023
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