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Construction of a risk prediction model for gastrointestinal system-related
adverse events induced by injection of semaglutide in patients with type 2 diabetes
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Abstract Objective To construct a risk prediction model for semaglutide induced gastrointestinal system adverse reactions in patients
with type 2 diabetes mellitus (T2MD). Methods A total of 141 patients with T2MD admitted to our hospital from April 2021 to April
2024 were selected as the research objects. According to whether gastrointestinal system related adverse reactions occurred after
injection of semaglutide, the patients were divided into adverse reaction group (» = 37) and non-adverse reaction group (rn = 104). The
clinical data and gastrointestinal indexes of the two groups were compared. Univariate and multivariate Logistic regression analysis

were used to screen out the independent influencing factors of adverse reactions. Bayesian multivariate joint model was used to analyze
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the influence of longitudinal changes of related indicators on gastrointestinal adverse events. The receiver operating characteristic
(ROC) curve was drawn to evaluate the accuracy of the prediction model. The goodness-of-fit test (H-L) was used to verify the
predictive ability of the model. Decision curve analysis (DCA) was used to evaluate the clinical practicability of the model. Results
There was a significant difference in body mass index (BMI) between the two groups (P < 0.05). Compared with before treatment, the
number of bowel sounds, gastric antral contraction frequency (ACF) and gastric antral motility index (MI) of the two groups showed
a downward trend after 2, 3 and 4 months of treatment, and the decline in the adverse reaction group was higher than that in the non-
adverse reaction group. Gastric retention, motilin (MTL), gastrin (GAS), gastric emptying time (GET) and Lausanne intestinal failure
assessment (LIFE) scores showed an upward trend, and the increase in the adverse reaction group was higher than that in the non-
adverse reaction group (P < 0.05). Logistic regression analysis showed that BMI, frequency of bowel sounds, gastric retention, MTL,
GAS and GET were independent influencing factors for adverse reactions. The results of Bayesian multivariate joint model showed
that the risk of adverse reactions increased by 0.291 times for each 1 kg-m™2 longitudinal increase in BML. The risk of adverse reactions
increased by 0.787 times for each longitudinal increase in the frequency of bowel sounds-min~'. For each 1 mL longitudinal increase
in gastric retention, the risk of adverse reactions increased by 1.301 times. For each 1 mL increase in MTL, the risk of adverse reactions
increased by 1.149 times. For each 1 pg'mL™! increase in GAS, the risk of adverse reactions increased by 2.403 times. The risk of
adverse reactions increased by 0.777 times for every 1-min longitudinal increase in GET (P < 0.05). The prediction model was
constructed using BMI, number of bowel sounds, gastric retention, MTL, GAS and GET, and the AUC of the ROC curve of the model
was 0.786 (95%CI: 0.743-0.911) (P < 0.05). The results of H-L verification showed that the calibration curve was basically consistent
with the actual curve. The DCA curve verification results show that the clinical practicability is good. Conclusion The frequency of
bowel sounds, gastric retention volume, MTL, GAS, and GET are independent influencing factors for gastrointestinal-related adverse
reactions in T2MD patients caused by subcutaneous injection of semaglutide. The constructed prediction model has a good predictive
effect and is helpful for clinical decision-making and reducing the risk of adverse reactions.
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Table 1 Comparison of clinical data between the two groups ( X Ls)

B RAENRRMNHA (n=37) KRREARKMNA (n=104) 4%t P
EREI 50.42+8.44 49.36+8.67 0.643 0.521
P Ch /%) 5% 21 (56.76) 57 (54.81) 0.042 0.838
S 16 (43.24) 47 (45.19)
BMI/I (7 EL/%) <27 kg'm™ 20 (54.05) 32 (30.77) 7.205 0.027
>27 kg m2~<<30 kg m2 12 (32.43) 41 (39.42)
=30 kg'm™ 5 (13.52) 31 (29.81)
A/ C 36.72+1.28 36.84+1.26 0.495 0.621
L/ (R-min™) 99.65+14.72 100.43 +15.53 0.266 0.791
MR/ (YK -min~") 28.42+5.23 28.77+5.64 0.330 0.742
BRI A CHEL/%) <5 4 17 (45.95) 55 (52.89) 0.526 0.468
>5 4 20 (54.05) 49 (47.11)
SRR/ (5 EL%) IR LR 12 (32.43) 32 (30.77) 0.035 0.851
&L E 25 (67.57) 72 (69.23)
WEWRAE/H (%) RIS 4 (10.81) 8 (7.69) 0.341 0.559
oS 33 (89.19) 96 (92.31)
MR s/ ol B/ %) & 15 (40.54) 49 (47.12) 0.476 0.490
& 22 (59.46) 55 (52.88)
P s/ B /%) & 17 (45.95) 50 (48.08) 0.050 0.824
4 20 (54.05) 54 (51.92)
I sl E%) 2 14 (37.84) 41 (39.42) 0.029 0.865
4 23 (62.16) 63 (60.58)
FEREHZ M (HH%) & 28 (75.68) 71 (68.27) 0.716 0.398
3 9 (24.32) 33 (31.73)
SBP/mmHg 114.63+10.65 111.39+11.71 1.479 0.141
DBP/mmHg 100.78 +11.94 104.62+11.87 1.687 0.094
WBC/(X 10° L) 11.4742.36 11.1242.52 0.737 0.462
PLT/(X10° L") 290.34+89.55 282.31+90.43 0.465 0.643
AST/(U L7 39.42+17.34 41.48+19.57 0.566 0.572
ALT/(U L) 2531+8.25 27.46+8.14 1.375 0.171
Ser/(umol L1 88.91+9.02 86.27+8.63 1.579 0.117
BUN/(mmol L) 12.534+4.01 11.64%3.17 1.364 0.175
TC/(mmol L7 4.64+1.30 431+1.06 1.530 0.128
TG/(mmol L) 1.74+1.26 1.86+1.59 0.415 0.679
HDL-C/(mmol L) 0.821+0.16 0.8610.18 1.194 0.235
LDL-C/(mmol L1 5.46%0.77 5.22+0.61 1.914 0.058
FBG/(mmol L) 9.88+1.76 9.914+1.85 0.086 0.932
HbAlc/% 9.47+1.62 9.58+1.65 0.350 0.727
2h PBG/(mmol L.7) 13.78+2.59 13.8442.93 0.110 0.912

1 mmHg=0.133kPa.
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Table 2 Comparison of related indexes of gastrointestinal function before and after treatment in two groups
LA 151 YRIT AT WY LANA IR WIT3AA Wi 4NN A Fa PiA
oy & X/ a 3.8240.46 2.07+0.37 1.84+0.46 1.66+0.33 1.43+038  207.478 <0.001
(K min™) b 3.75+0.43 3.63+0.45 3.54+0.41 3.52+0.48 3.48+0.52 2.037 0.091
t1H 0.835 18.921 20.969 21.786 0.238
P1E 0.405 <0.001 <0.001 <0.001 <0.001
B#EEmML  a 5226+14.27 63401589 72.09+1827 8625+19.88 96312346 32950 <<0.001
b 5047+14.86 50.77+1421 51.69+13.52 52.13+13.44 5249+13.17  0.145 0.965
(18 0.636 4.500 7.154 11.598 13.904
P1E 0.526 0.007 <0.001 <0.001 <0.001
MTL/ a 202.75+6.81 208.74+7.23 21526+7.98 224.88+8.12 239.224+8.03 130.070 <<0.001
(pgmL™ b 203.34+6.73 204.55+7.06 206.53+7.38 207.49+8.02 207.55+824  2.301 0.060
18 0.457 3.081 6.049 11.291 20.211
P1E 0.649 0.002 <0.001 <0.001 <0.001
GAS/ a 11627+6.16 119.35+6.24 123.48+6.71 130.82+7.14 13640+7.58 55.002 <<0.001
(pgmL™ b 115.65+6.02 11647+6.11 116.89+624 117.13+6.41 117.21+6.38  0.389 0.817
t1H 0.535 2.449 5.409 10.825 14.937
P1E 0.594 0.016 <0.001 <0.001 <0.001
GET/min a 54.63+578  56.32+£593 58.07+628  59.52+6.50 61.47+6.82  6.707  <0.001
b 54274581  54.64+592  55.13+625 55.78+6.49 5623+641  0.625 0.646
t1H 0.324 1.482 2.454 3.009 4.199
P 0.746 0.141 0.015 0.003 <0.001
ACF/ a 4.69+0.78 4.16+0.64 3.85+0.47 3.11+£0.39 2624020  88.160 <<0.001
(K min™") b 4.60+0.89 4.46+0.71 4.43+0.70 4.3140.65 4.11£0.63 2.398 0.052
t1H 0.545 2.263 4.674 10.559 14.107
P1d 0.587 0.025 <0.001 <0.001 <0.001
MI a 2.59+0.69 2.31%+0.67 1.96+0.62 1.55+0.43 126+037 33290 <0.001
b 2.61+0.75 2.58+0.74 2.53+0.69 2.514+0.72 2.48+0.72 0.195 0.941
t1H 0.142 1.952 4.427 7.630 9.839
P1E 0.887 0.053 <0.001 <0.001 <0.001
LIFE ¥4 a 0.88+0.29 1.24+0.30 1.53+0.34 2.26+0.35 27754032  208.86 <0.001
b 0.87+0.31 0.89+0.32 0.92+0.30 0.94+0.35 0.96+0.37 0.449 0.773
t1H 0.171 5.806 10.251 19.702 26.141
P 0.864 <0.001 <0.001 <0.001 <0.001

a-RAENRBA: b-RRAENR M.

a-Adverse reaction group; b-no adverse reaction group.
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Table 3 Univariate and multivariate Logistic regression analysis of gastrointestinal system adverse reactions

b LSSES EZSES
OR (95%CID) P1H OR (95%CID) P1H

BMI/ (kg-m2) <27

>27~<30 1.182 (1.006~1.307) 0.003  1.143 (1.025~1.212) 0.025

=30 2.346 (1.378~3.076) 0.015 1248 (1.046~2.151) 0.036
Jang &Ry R minh)  <1.54

>1.54~<1.79 0.827 (0.747~0.929) 0.005  0.728 (0.564~0.873)  <0.001

=1.79 0.476 (0.235~0.544) 0.024  0.616 (0.413~0.782) 0.007
B ¥ ¥ &/mL <5543

>5543~<7621  1.574 (1.186~4.117) <0.001  1.462 (1.162~3.627) 0.026

=76.21 4.032 (1.372~6.236) 0.017  3.846 (1.294~5.743) 0.034
MTL/ (pg-mL™) <211.58

>211.58~<223.21 2.345 (1.876~4.335) <0.001  2.144 (1.431~5.076) 0.012

=22321 2.176 (1.564~4.657) <0.001  1.895 (1.320~4.782)  <0.001
GAS/ (pgmL™) <116.38

>116.38~<121.29 3.124 (1.645~6.871) 0.013  1.983 (1.537~4.370) 0.008

>121.29 3.456 (1.819~6.924) 0.036  2.072 (1.896~4.177) 0.026
GET/min <55.76

>5576~<5843  1.458 (1.076~2.268) <0.001  1.136 (1.007~1.839) 0.003

>58.43 1.674 (1.128~3.255) <0.001 1235 (1.026~1.986)  <0.001
ACF/ (J&X min™) <2.87

>2.87~<3.69 0.576 (0.274~0.816) <0.001  0.827 (0.684~1.575) 0.051

=3.69 0.262 (0.073~-0.453) <0.001  0.403 (0.182~1.178) 0.142
MI <143

>1.43~<1.89 0.642 (0.371~0.838) 0.021  0.585 (0.361~1.329) 0.054

=1.89 0.439 (0.236~0.667) 0.018  0.373 (0.287~1.025) 0.237
LIFE F53/5 <123

>1.23~<2.01 1.874 (1.145~3.651) <0.001 1977 (0.714~3.783) 0.125

=201 3.217 (1.708~6.273) <0.001  3.069 (0.922~5.827) 0.066
0.787 fif; BHMWEHESN A 1 mL, AR BN EER . WK 2.

RARKTHE 1.301 5 MTL S FHE 1 mL,
AR IR AE RS TF 5 1.149 £%5 GAS BRI
1 pgrmLt, AN RN R AR KU T 2.403 i
GET ST 1 min, A KON A AE XS T 5
1.773 &%, W#% 4.
2.6 RRFXE NS AHEE

FR TR A B A RSN BT
R AR AT B BML. S35k, B E.
GAS. MTL. GET. HZR A5, WliHAR AUC
4 0.786 (95%CI: 0.743~0.911, P<<0.05), #/ri%
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Fig. 1 Trajectory diagrams of longitudinal changes in BMI and gastrointestinal function indicators of two groups
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Table 4 Influence of longitudinal observation indicators of Bayesian multivariate joint model on occurrence of

gastrointestinal adverse reactions

ZH B SD SE P HR(95%CT)

MEFHEE B 1.114 0.182 — 0.032 —

oBMI 0.023 0.036 — <0.001 —

B e -0.015 0.010 — 0.227 —

O i 1.136 0.028 — <0.001 —

B e 0.027 0.037 — 0.218 —

O Hmm 0.762 0.015 — <0.001 —

AvTL 0.071 0.025 — 0.073 —

omTL 0.815 0.173 — <0.001 —

Baas 1.028 0.092 — 0.127 —

OGAS 0.089 0.074 — <0.001 —

BGET 0.016 0.029 — 0.064 —

OGET 1.234 0.014 — <0.001 —
HEfFFHRE BMI 0.829 1.169 0.017 0.027 2291 (1.562~3.148)

Ji P 5 K —0.240 0.688 0.009 0.017 0.787 (0.558~0.890)

BHtEE 0.263 0.237 0.024 0.042 1.301 (1.118~1.745)

MTL 0.139 0.112 0.013 0.028 1.149 (1.003~1.564)

GAS 0.877 0.109 0.022 0.011 2403 (1.311~3.178)

GET 0.550 0.210 0.007 0.031 1.773 (1.367~2.072)

P-FARAR AR LN IR A RN A T R B o- MR R AR LN IR A RN h 5k 22 SD-bRifEZE; SE-FrifERR; HR-XSzH .

[-coefficients of corresponding variables in linear mixed effects model; o-residual of corresponding variable in linear mixed-effects model; SD-standard

deviation; SE-standard error; HR-hazard ratio.
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