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[Abstract] Objective To evaluate the economic value of using glucagon-like
peptide-1 receptor agonist (GLP-1RA) in combination with metformin for the treatment of type
2 diabetes mellitus (T2DM). Methods Based on 7 randomized controlled clinical trials (RCTs),
Markov model was built to simulate the dynamic changes of metformin alone or combined
with GLP-1RA in the treatment of T2DM patients without or with complications and death
from the perspective of China's health system. Quality-adjusted life years (QALYs) was used
as a health output indicator and 3 times China's per capita gross domestic product (GDP) in
2023 was set as the willingness-to-pay (WTP) threshold. The cycle was at the rate of 1 year and
a total of 20 years cohort simulation in Markov model was applied to obtain long-term cost
and effect of each treatment strategy. The incremental cost-utility ratio (ICUR) was analyzed as
the primary evaluation indicator and the sensitivity of cost, utility and discount was performed
to test the stability of the results. Results Compared with metformin alone, the ICUR of
GLP-1RA including liraglutide, dulaglutide, exenatide, loxenatide, semaglutide combined
with metformin were all below the WTP threshold, and the increased cost was acceptable.
Extending the simulation time to 30 years or 50 years had no effect on results. The results of
probability sensitivity analysis showed that the cost effect of semaglutide 0.5 mg combined
with metformin had the highest probability of a cost-utility advantage of 99.7% among all the
treatment strategies when WTP threshold was 3 times China's per capita GDP in 2023 (268 074
yuan). Conclusion GLP-1RA, including liraglutide, dulaglutide, exenatide, lixisenatide, and
semaglutide, at the regular recommended dose combined with metformin, would present

higher cost-utility compared to metformin monotherapy.

[Keywords ] Glucagon-like peptide-1 receptor agonist; Metformin; Type 2 diabetes

mellitus; Cost-utility; Markov model; Pharmacoeconomics
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Table 1. Basic information about the studies selected

A PMID/NCTS {54542 ] TR IR ZH T HUH it 1k
Pratley 20111 NCT00700817 26 EZ| FIRIERL2 mg, qd+—HIRUIR 221
FIRIE RS mg, qd+—HIXUIR 218
Nauck 2014”1 NCT00734474 52J8 ZE (fFhE) FEREK0.75 mg, qw+ - HIXUIK 302
BERDBIRD.50 mg, e+ FTBUIR 304
Derosa 2011"% 21645507 52J4 KA SLTETRIRS pg, bid+—H UK 57
Gadde 2017"""  NCT01652729 28] FEH W FETRALAHER2 me, qw+— A XK 181
Gao 20207 NCT02477969 24JH ER R TEEEIEARRK100 pg, qw+ - HIRUIK 179
B BB ZENRIL200 pg,  quw+ UK 175
Ji 2021 NCT03061214 30/ ZE (HEPE) AR ER0.5 mg, qw+HIUIK 288
) EMEEMT.0 mg, qw+ - FIXUIR 290
Ratner 201011 20722676 13)# Z FIFEIIR20 pg, qd+—F U 55

E qd; @j’:hf:; qw: a’ﬂr}%]“k; bid: @j’:%}:o

1.2 #gEMarkovizZEy
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/E;EF'%T:j‘jnﬁLl&%}, 1 TreeAge Pro 2011 Ak
HEAT Markov #5248, 3 FRIRZS ] AH B 4475 OC R UL
Kl 1, AP ASE . ORTA BRI &
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A . ASBEFE A IR R A BEE Ty 1 4R, SR

P2 P3

BE1 Markovi= B 54y
Figure 1. Markov model structure
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XFF T2DM I RAER B, BTHHIN G 18I &
JEIRIT 2 . ARWFSEH T2DM H ) — kG o
MRS FIRIT R S5 R RE T,
K 1223.70 5C / 4F; T2DM Jf RIEIRIT =%
FAT A U RYBESY, M 15 389.13 JC / 4F ., ARHFSY
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®2 FRTBITHAE

Table 2. Total cost of treatment by status

IR AR A (J0)

T DML e T2DMAE R
OB 24357 1993.85 17 382.98
FIRrE k1.2 me+ - H XK 9 644.40 25033.53
FIRE 1.8 me+— F UK 13 469.65 28 858.78
FERI0.75 mg+— H AR 5867.85 21256.98
FERDPHK .50 mg+ - F UK 9741.85 25 130.98
SR fik+ — H XU 4905.85 20294.98
W FETR SRAMR + — FH XU 27 796.85 43 185.98
R RS FEIRIR100 pg+ = HOBUIR 6 856.89 22 246.02
R L RS FEIRIK200 pe+ — FOBUIR 11719.93 27 109.06
FISERE L ER0.5 mg+ - HISUIR 7 284.59 2267372
F)EAREIRT.0 me+— FAUIR 12 575.33 27 964.46
RIS Jok+— H XU 8 497.32 23 886.45

1.3.2  fi B R A B S I %

DL R AR A AE ((quality adjusted life year,
QALY ) VE MM ™t A fil SO 45 T3
QALY i fiff FH 4 fHE A T, AR IF 9 i 75 {3k
FESHORIE T — R 56T T2DM (A5 1,
T2DM JCJf &4 . T2DM £ 51 &0 . SBT3 itk
S EREHE 58 0.81, 0.69, 0.

AN 5 1Ei o Markov F AN T T2DM
PSRRI TR T b, AR s (b E 24Tt
PPN R 2020 ) P @SOS ST ER A 1 AELL L
B, AFFE R 24 X T RAS A = AT B, AR
Tl %ot 8 [ 25 4 28 5 2 VR T R R B A 7R 2
AP, R ER G R A G B Eop B A = A
BRI R RIS A KR A 1 AR DR
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RAE . FETHIAE R AR (£ 3) LR ARZS ] 4F
Fefb (k4) .

%3 TODMARERETHEREE

Table 3. Annual incidence of type 2 diabetic complications and deaths

NEPAQVZE S KNI U A8 I A AE AR IMAEFET: SAFET:
TR 2 0.021 00 0.006 70 0.006 80 0.013 50
FIHIEAKT.2 me+ — FH UK 0.008 60 0.002 74 0.002 78 0.005 53
FIHE K18 mg+ — FHI UK 0.006 00 0.001 91 0.001 94 0.003 86
JERAER0.75 me+ - FAUAR 0.011 98 0.003 82 0.003 88 0.007 70
JERARITR .50 mg+— B SRR 0.009 73 0.003 10 0.003 15 0.006 26
S FEHR R+ — B XU 0.009 41 0.003 00 0.003 05 0.006 05
W SETR A AER+ — B UK 0.009 70 0.003 09 0.003 14 0.006 24
R FFEFENR K100 pg+ — FSUIK 0.007 83 0.002 50 0.002 54 0.005 04
B TS FEBR K200 pg+— FXUIR 0.008 06 0.002 57 0.002 61 0.005 18
F]SERE 4G HK0.5 ma+ - FRUAIR 0.006 48 0.002 07 0.002 10 0.004 17
FISERE G IR 1.0 ma+ - FHRUAR 0.003 37 0.001 08 0.001 09 0.002 17
I EIHR R+ — B XA 0.021 00 0.004 26 0.004 32 0.008 58

1.4 BA-ASH
140 Mok

B E RS E A TreeAge Pro 2011 B4 AT #4
Y Markov FHY R X IR YT Rk T A 20
RN BEIL . R ] QALYs 1E R 7= 4845, IF
DU AR - BUH . (ICUR ) BEATHERM T, 2
B4 (WTP) BEPEH ICUR J& 75 n] B #57 ,
H a5 UL E AR 7 BE (gross domestic product,
GDP) YERSEFRME, A TAEHL (WHO) %
TR F PN L ™, ICUR < A3
GDP, ¥EmMpliA e 2 (HS; ICUR 4t T 1~3 5 A
¥ GDP, BEMRAR AT LI4EZ; ICUR > 3 /5 A1y
GDP, HEIMSAAMEHEZ . AR50 WTP H{H
WoE o 3 A5 E 2023 45 A Y GDP, 4l E &K 4t
Ry s> N G, FeE 2023 45 A GDP 2y 89 358
JG, W WTP B{E R 268 074 JT /QALY .
1.4.2  BRRESHT

RIS 2 SR R e e, XA Rk
AR A AT E AN IR A T AU S b, A4S
PR R U T R U . % (h
[ 25 2 50N HE S 2020) PO DL K 28R
ik, AT B R R M R, AR
B TR + 25%, fREROTE 3 %
FENFELLME + 10%, WHBLRGLEIN 0%~8%.

R BB 73H7 Th 25 S80E o A AR
(22T R RS 2020) W IR E
JRAS B9 43 A 28 B K Gamma 730 Af, ARSAE R
Beta 534fi, Wi Normal 341 . FH TR 501
SR IE N 25 B SCROHE, R BUE A

(ABROHER EFR—TMH) /7 (2x1.96) .

2 R

2.1 PBAIIEIE R

A3 7 Ff GLP-1RA 2825 B A — H OBUIK
1RYT I7 S Markov BEESHEATBABIREIL AT o 2445
PIAIT 20 4F )5, FEAIRIY GLP-1RA BeA —F XL
Wy e, ZHUBUIR & Rl SEAS SR 1.0 mg 107
HIERAE LB FBET HUIEAR, 43914 0.083,
0.022, 5 ZH XML I7AH L, MY T 5
1 000 51 55 FH 7 S 4% & K 1.0 mg (19 T2DM &4,
ATAEIR 201 BIF A AERIHEL, I8/b 105 BIRGAET .
TERARIT TR T, T2DM B35 3 Futk 2 my He )
W35,
2.2 MA-MASH

X 4 VA IT T 28 1 Markov B8 HEAT AR — 2K
oM, EPEIR 20 A A5, B = HF UK
IHYT T2DM 1 B3t A & Ak, K 73 786.76 I,
(H5 22 55 By 1 SRl B A 7= B o ik,
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Table 4. Annual transfer probability by status
BERDHEIR
0.75 mg

1.8 mg

HMPLEIK FIRE L

1.2 mg

—HIRL
JICER 2%

I
=
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T2DMF K

099018 098045 098410 098462 098415 098719 0.986 82 0.994 47 0.98939  0.970 74

0.985 94

T2DMTCH: &% P=1-P,~P, 0.965 90

TODMAEIERAE P,

SeT
T2DMI- KA

0.024 94
0.004 31

0.007 88  0.01568  0.01275 0.01234  0.01271 0.01028  0.01057 0.004 44 0.008 51
0.00387  0.003 15 0.003 04 0.00253  0.002 61 0.001 09

0.011 28

0.027 32

0.002 10

0.003 14

0.00278  0.001 94

0.006 78

0.99332 099726 0.99809 099619 0.99690  0.99700 0.99691 0.99750  0.997 43 0.998 93 0.997 93 0.995 75

1-P,

P=

T2DMIH K i
SET:

0.00274  0.00191 0.00381 0.00310 0.00300 0.00309 0.00250  0.002 57 0.001 07 0.002 07 0.004 25

0.006 68
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11.16 QALYs, fEFTAHEE GLP-1RA B &,
FISERE IR 1.0 mg IS — BB S8 BT 35 A5 i3k
2, }12.04 QALYs. BRI FEARIKGER A1 A
FIIRAK AL, HAr GLP-1RA B64 — W WK 7 211
ICUR ¥J/NF WTP [ (268 074 JC /QALY ) ,
FOREA A - ORI J0HE = BRI &
TIEIRAK . R FEIKFENRAK 100 pg. Al EAKE
JIK 0.5 mg %809 ICUR IR T 1 A5 1E 2023 42 A4y
GDP, W\RiX 3 Fhr ZIG A e 2 (EHAS, WE
LA, W& 6 AA 2,

Shy G 6 A DL ¢ 11 S TR Xk 235 SR B B,
TreeAge Pro 2011 #4450 5ILL 30 4. 50 4 h 2k
IR EAT TR, ZEAILE 1R 30 4FRE, —H
XU A 1) = ke 3 SRR 7 A A AT
ZUeME, HARIr RO AT H:3Z . TEBLE 1
9 50 4R, FIEDIBAKER & )7 240 1Y ICUR /T
WTP [S{H, BTz 0 AR - SR
oo A, DL 30 4E L E RIS, i R Rk
K 0.75 mg BEA ZH XU €1 ICUR (65 187.95
JC/QALY ) /NT 153K E 2023 4F N ¥ GDP; #E
DL 50 47 R 2 b s e B, AE S OB 25
S, G 2 RG2S 5 0 ICUR /N T 153K
[ 2023 4 A3 GDP, 4351k — H U A ] 55
KK 1.0 mg (65 444.02 JC /QALY ) . —HI R
B FIFIE K 1.2 mg (74 536.19 JC /QALY ) . A
R, AR READL [R) %o 45 SR TE A S R, A
FEWRE RIS .

2.3 HEBMESW
231 R FHRNESHT

TRURPE T 25 SR R, 5 W WU 25iR Y7
ALE, —H SIS FIPIEG K 1.8 mg sl AR L
TEEIKFEARIK 200 mg, FHT2DM ToIf AR B
B A TN TG I e R TR 2 B B 1 88HI(EL G ICUR
AR, HARIT R NE TR R 2 &Y
M, DL 3.

232 MERBRMESHT

WE R AFUR N 43 M 3 1000 YR AY B Monte
Carlo #5481, 7922507 A LT — H XU .24
BIT A - ORIz M2, UK 4. FEHEZ
WTP S{ER, 5 ZHBMRZEI AL, SCFER
K. AISEREEAK 0.5 mg, FERIMERK 0.75 mg. R4
TS FEABAK 100 pg A T RUICEAT BLAS - 2
S BIAERE 100%, FIHiE K 1.2 mg, 72E
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MK 1.0 mg, B4 T FEEFEIBAK 200 pg. FlHL {B4 268 074 JC /QALY I, —HI SUIKEEA 7] 2E4%

Bk 1.8 mg. FERIBEAK 1.50 mg BK & —HXUIME &K 0.5 mg Ir R EA WA - SN, ik

A A - SOHRF IR S5 97.5%, 92.9%, 99.7%, SLFEARPEANER £ 3% ZEARBK 100 pg 7

90.4%, 89.6%, 74.4%, F| IRk F 3L FE B LG ZEAR LT BB 2533 7 B AR — ORI 3548

BRIK G — HOBUNEAT WA — ORI 34N FAEI 0, 439 0.1% F1 02%, HABEE 2T

431K 16.8%, 0.0%. LA - PR/ INT AU 2453
X PFAIRIT T BT A A, 24 WTP [ y7, WA 5.

+R5 IR0 7 &IRIT A R Z RSB

Table 5. Probability distribution in Markov model of each schemes after 20 years of circulation

T2DMJGHf  T2DMffIf AHEE T HOBUICER 24 A L T — F SUIER.
BIT IR . . HET LBl ) .

RAE A RAE LB FEARIE AT LUl Z5RARFE T L B
ORI 2 0.500 0.374 0.127 - -
FIHIEAKT.2 me+ — FH UK 0.753 0.193 0.054 0.181 0.073
FF7 K18 me+— H UK 0.821 0.141 0.038 0.233 0.089
FERLBEIK0.75 mg+— H UK 0.674 0.252 0.074 0.122 0.053
FERDPHIK .50 mg+ —H BUIK 0.726 0.213 0.061 0.161 0.066
S FEHR R+ — B XU 0.733 0.208 0.059 0.166 0.068
Y SETRRAAER + — H UK 0.726 0.213 0.061 0.161 0.066
R TEEHZEIBAK100 pe+ —H BUIK 0.773 0.178 0.049 0.196 0.078
B BB FETB K200 pg+ —F UK 0.767 0.182 0.051 0.192 0.076
] R R 1.0 mg+— HI UK 0.896 0.083 0.022 0.291 0.105
F) AR EJIKO.5 mg+— F AUAR 0.808 0.151 0.041 0.223 0.086
I EIHR R+ — B XU 0.553 0.365 0.083 0.009 0.044

®6 JATARMBA-LASIER

Table 6. Cost-utility analysis results of all therapeutic protocols
B R RA R BEYON AU ICUR

NEIWTE S A (JT) B _ _
(J5) (QALYs) (QALYs) (JC/QALY) (JT/QALY)

B 2 73 786.76 0.00 11.16 - 6611.89 -
FIFE K 1.8 mg+— FBUAR 21531118 141 524.42 11.90 0.74 18093.63  191218.88
FIRE K 1.2 mg+— FRUIR 163 500.48 89 713.72 11.76 0.60 13899.72 148 743.40
FERI .50 mg+— F AUAR 166 957.56 93 170.80 11.70 0.54 14264.88 171 149.41
JERER0.75 mg+ ALK 114 321.65 40 534.89 11.59 0.43 9 863.23 94053.15
SCHEHR R+ — F UK 95195.71 21 408.95 11.72 0.56 8 121.75 38 137.12
W FEAR SRAYER + — F XU 43197170 358 184.94 11.71 0.55 36901.07  655422.93
R K FEARIK100 pe+ —HWAK 120 966.01 47 179.25 11.81 0.65 10 246.07 72990.53
R FHEFEIRMR200 pe+ —HXUIN 193 118.62  119331.86 11.79 0.63 16377.65  188851.23
) SRR 1.0 me+ —FHRUIR 19691591  123129.15 12.04 0.88 16351.15 139 408.89
F) M K05 me+— HRUIR 124 492.45 50 705.69 11.87 0.71 10 484.71 71 015.95
I FTHR B+ — F UK 166 609.49 92 822.73 11.43 0.27 14574.16 34110175

https://ywlxbx.whuznhmedj.com/
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X B2y

O LA IRIERIK A — HOBUIR

B IR R A — UK

A R FEREFEIRIK200 ngtht A HRUIK
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