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Abstract

Objective To estimate the causal effect of initiating glucagon-like peptide-1 receptor agonists (GLP-
1RAs) versus dipeptidyl peptidase-4 inhibitors (DPP-4is) on the risk of gastrointestinal adverse events
among adults with type 2 diabetes mellitus (T2DM) in China, using the target trial emulation framework.

Methods: This multicenter retrospective cohort study included adults with T2DM who newly initiated a
GLP-1RA or DPP-4i at three tertiary hospitals in Shanghai, China, between January 2015 and December
2023. An active-comparator, new-user design with a 12-month washout period was used. After 1:10
propensity score matching, 29,216 patients were included, comprising 2,656 GLP-1RA initiators and
26,560 DPP-4i initiators. The primary outcome was a composite of biliary disease, pancreatitis, intestinal
obstruction, or gastroparesis. Intention-to-treat analyses used Cox proportional hazards models, while
per-protocol analyses incorporated inverse probability of censoring weighting. Sensitivity and subgroup
analyses were performed.

Results Over a median follow-up of 913 days (73,295 total person-years), the composite gastrointestinal
outcome occurred in 958 patients. GLP-1RA initiation was associated with a higher risk of the composite
outcome compared with DPP-4i initiation in the ITT analysis (hazard ratio [HR] 1.32, 95% confidence
interval [CI] 1.08 to 1.61; P=0.006). Gastroparesis showed the strongest signal (HR 1.99,95% ClI 1.40 to
2.81; P<0.001). Biliary disease (HR 1.11,95% CI 0.82 to 1.51), pancreatitis (HR 1.31,95% CI 0.74 to 2.34),
and intestinal obstruction (HR 1.02, 95% CI 0.60 to 1.74) were not significantly elevated. Per-protocol
estimates were consistently larger (composite HR 1.65; gastroparesis HR 2.45). The gastroparesis E-
value of 3.4 indicated robustness to unmeasured confounding. Results were stable across sensitivity
analyses and 21 prespecified subgroups.

Conclusions Among adults with T2DM in Shanghai, GLP-1RA initiation was associated with a higher risk
of composite gastrointestinal adverse events compared with DPP-4i initiation, driven primarily by a
twofold increase in gastroparesis risk. Biliary disease risk was elevated under sustained use. These
findings support heightened clinical vigilance for gastroparesis symptoms among GLP-1RA initiators,
particularly those with long-standing diabetes.

Background

Type 2 diabetes mellitus (T2DM) affects over 536 million adults worldwide, with China bearing the
largest national burden [1]. Treatment guidelines now position glucagon-like peptide-1 receptor agonists
(GLP-1RAs) as preferred second- or third-line agents, reflecting strong evidence for glycemic control,
weight reduction, and cardiovascular benefit [2, 3]. Prescribing volumes have surged globally. In China,
adoption has been slower but is accelerating as more agents enter the National Reimbursement Drug
List [3, 4].

This rapid uptake has sharpened interest in the gastrointestinal (Gl) safety profile of GLP-1RAs. Nausea
and vomiting are well-recognized class effects. Emerging evidence, however, points to less common but
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more serious Gl adverse events. A meta-analysis of 76 randomized controlled trials (RCTs) found that
GLP-1RAs increase the risk of gallbladder and biliary diseases (relative risk 1.37) [5]. A US claims-based
study reported elevated risks of pancreatitis, intestinal obstruction, and gastroparesis among GLP-1RA
users prescribed for weight loss [6]. Earlier cohort data linked incretin-based drugs to acute pancreatitis
[7]. A recent comprehensive meta-analysis of 55 RCTs confirmed an increased risk of cholelithiasis but
found little signal for pancreatitis or gastroparesis in trial settings [8].

Several important gaps remain. First, most existing evidence comes from Western populations. Whether
Gl risk patterns differ in East Asian patients, who have distinct dietary habits, lower average body mass
index (BMI), and different GLP-1RA prescribing profiles, is unknown. Second, RCTs are often too short
and too selective to capture rare outcomes like gastroparesis or intestinal obstruction. Third, the few
observational studies available used administrative claims without active comparators, raising concerns
about confounding by indication and channeling bias. Fourth, no published study has examined the full
spectrum of Gl adverse events, biliary disease, pancreatitis, intestinal obstruction, and gastroparesis,
within a single cohort using a rigorous causal inference framework.

The target trial emulation (TTE) framework offers a structured approach to address these gaps [9, 10].
By specifying the protocol of a hypothetical RCT and then emulating each component using
observational data, TTE reduces the risk of common biases that plague conventional cohort designs,
immortal time bias, prevalent-user bias, and misalignment of eligibility with treatment assignment [11,
12, 13]. An active-comparator, new-user design further mitigates confounding by indication, because
dipeptidyl peptidase-4 inhibitors (DPP-4is) share the same clinical indication and treatment decision
pathway as GLP-1RAs [14, 15].

We therefore conducted a multicenter retrospective cohort study across three tertiary hospitals in
Shanghai, China, emulating a target trial to compare the risk of four categories of Gl adverse events,
biliary disease, pancreatitis, intestinal obstruction, and gastroparesis, between new initiators of GLP-
T1RAs and DPP-4is. We hypothesized that GLP-1RA initiation would be associated with a higher risk of
the composite Gl outcome compared with DPP-4i initiation, driven primarily by gastroparesis and biliary
disease, given the known pharmacologic effects of GLP-1RAs on gastric motility and gallbladder
function [22, 23]. We further hypothesized that per-protocol estimates would amplify the intention-to-
treat (ITT) signal, because Gl intolerance, a direct consequence of the drug’s mechanism, drives
preferential discontinuation in the GLP-1RA group.

Methods
Study design and data sources

We designed this study as the emulation of a target trial to estimate the causal effect of initiating GLP-
1RAs versus DPP-4is on the risk of Gl adverse events among adults with T2DM [9, 10]. The study was
conducted across three tertiary-A hospitals in Shanghai: Shanghai Tenth People’s Hospital (Tongji
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University), Shanghai Sixth People’s Hospital (Shanghai Jiao Tong University), and Shanghai Xinhua
Hospital (Shanghai Jiao Tong University). Data were extracted from the electronic health records (EHR)
of each institution, including demographics, diagnoses coded using the Chinese Classification of
Diseases (CCD, a national adaptation of ICD-10), laboratory results, and pharmacy dispensing records.
Enroliment spanned January 1, 2015, through December 31, 2023, with a minimum required follow-up of
two years. We followed the TARGET reporting guideline [11] and the time-zero alignment framework
described by Fu et al. [12] and Ren et al. [13]. The study protocol was approved by the institutional review
boards of each participating hospital.

Eligibility criteria and treatment strategies

We adopted an active-comparator, new-user design [14, 15]. Eligible patients were adults (= 18 years)
with a T2DM diagnosis (ICD-10: E11.x) who initiated a GLP-1RA or DPP-4i during the enrollment window.
New-user status required a 12-month washout period with no prescription for either drug class. We
additionally required = 12 months of continuous EHR activity (= 2 encounters with > 1 outpatient
prescription) before the index date to ensure adequate baseline covariate ascertainment [14]. Patients
with type 1 diabetes, gestational diabetes, age < 18 years, or a recorded Gl outcome during the washout
period were excluded (Supplementary Table 1). The index date (time zero) was the date of first GLP-1RA
or DPP-4i dispensing. Treatment strategies, eligibility, and the start of follow-up were aligned at this point
to prevent immortal time bias [12]. GLP-1RA therapy served as the exposure and DPP-4i therapy as the
active comparator. The full target trial protocol is provided in the Supplementary Materials
(Supplementary Method 1).

Outcomes

Outcomes were identified from EHR diagnostic codes: biliary disease (cholelithiasis, cholecystitis,
cholangitis; ICD-10: KB0—K83), pancreatitis (K85.x, K86.0—K86.1), intestinal obstruction (K56.0, K56.4,
K56.6-K56.7, K31.5), gastroparesis (K31.8 combined with prokinetic prescription or gastric emptying
study), and a composite outcome defined as the first occurrence of any of these events. Complete code
lists and algorithm definitions are in Supplementary Tables 1 and 9.

Covariates and propensity score estimation

Baseline covariates assessed within a 12-month lookback window included demographics, glycemic
parameters (HbA1c, fasting plasma glucose, diabetes duration), comorbidities, prior Gl history,
laboratory values (estimated glomerular filtration rate [eGFR], creatinine, hepatic enzymes, lipid panel,
amylase, lipase), concomitant medications, and healthcare utilization (Charlson Comorbidity Index
[CCI]). Propensity scores (PS) were estimated using logistic regression with all measured covariates
[16]. Patients were matched 1:10 (GLP-1RA:DPP-4i) using nearest-neighbor matching within a caliper of
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0.2 standard deviations of the logit of the PS. Balance was assessed using standardized mean
differences (SMD), with SMD < 0.10 considered acceptable (Supplementary Fig. 1).

Statistical analysis

Missing baseline data were handled by multiple imputation by chained equations (MICE; 20 imputations;
predictive mean matching for continuous variables; stratified by treatment group), with results pooled
using Rubin’s rules [17, 18] (Supplementary Table 10). For the ITT analysis, groups were compared as
classified at time zero regardless of subsequent treatment changes. Follow-up ended at the outcome,
death, loss to follow-up (= 180-day encounter gap), or administrative censoring. Cox proportional
hazards models estimated hazard ratios (HR) with 95% confidence intervals (Cl) using robust sandwich
variance estimators. Kaplan-Meier estimators provided cumulative incidence curves. For the per-protocol
(PP) analysis, patients were additionally censored at treatment discontinuation (prescription gap =90
days), switching to the comparator, or augmentation. Inverse probability of censoring weights (IPCW)
were applied using stabilized weights from pooled logistic regression [19, 20]. Weights were truncated at
the 1st and 99th percentiles (Supplementary Fig. 3, Supplementary Table 7).

Sensitivity analyses included narrow outcome definitions, a 6-month washout, a 60-day grace period, and
complete-case analysis (Supplementary Table 5). E-values assessed robustness to unmeasured
confounding [21] (Supplementary Table 6). Prespecified subgroup analyses for the composite outcome
were performed by age, sex, BMI, HbA1c, diabetes duration, eGFR, cardiovascular disease status, prior Gl
disease, and prior insulin use (Supplementary Table 8). All analyses were conducted using R (version
4.3.1) and Python (lifelines package).

Details regarding propensity score estimation and matching, missing data handling, intention-to-treat
analysis, per-protocol analysis, sensitivity analysis, E-value computation, and subgroup analysis is shown
in Supplementary Materials (Supplementary method 2).

Results

Study population

From 112,148 patients with T2DM screened across the three hospitals (8,564 GLP-1RA initiators;
103,584 DPP-4i initiators), 89,432 had at least one prescription record for either drug class. After
applying eligibility criteria, 60,216 were excluded, most commonly for incomplete data or insufficient
baseline EHR activity (n = 38,105 without an eligible GLP-1RA or DPP-4i prescription; n = 8,942 prevalent
users; n = 5,218 with < 12-month washout; n = 3,850 with insufficient baseline EHR activity; n = 1,876 with
type 1 or gestational diabetes; n = 1,813 with a prior Gl outcome; n =412 aged < 18 years). After 1:10 PS
matching, 29,216 patients were included: 2,656 GLP-1RA initiators and 26,560 DPP-4i initiators (Fig. 1).
All 47 baseline covariates achieved adequate balance (all SMD < 0.10; Table 1, Supplementary Fig. 1).
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Propensity score density histograms for GLP-1RA initiators and DPP-4i initiators before and after
matching is shown by Supplementary Fig. 2.
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Baseline Characteristics of the Study Population by Treatment Group (Post-PSM)

Table 1

Characteristic

Demographics

Age, years, mean (SD)
Male sex, n (%)

BMI, kg/m?, mean (SD)
Body weight, kg, mean (SD)
Current smoker, n (%)
Heavy alcohol use, n (%)
Glycemic parameters
HbA1c, %, mean (SD)

FPG, mmol/L, mean (SD)
DM duration, years, mean (SD)
Comorbidities
Hypertension, n (%)
Dyslipidemia, n (%)
Coronary artery disease, n (%)
Heart failure, n (%)
Stroke/TIA, n (%)

Atrial fibrillation, n (%)
NAFLD/NASH, n (%)

GERD, n (%)

Peptic ulcer disease, n (%)
Depression, n (%)

COPD, n (%)

Abbreviations: SMD, standardized mean difference; GLP-1RA, glucagon-like peptide-1 receptor agonist;

GLP-1RA (n =
2,656)

51.1(11.0)
1615 (60.8)
27.5 (3.6)
76.2 (12.3)
739 (27.8)
190 (7.2)

8.5(1.1)
9.0 (1.5)
6.2 (6.0)

1523 (57.3)
1367 (51.5)
601 (22.6)
188 (7.1)
239 (9.0)
134 (5.0)
1327 (50.0)
284 (10.7)
0(0.0)
0(0.0)

208 (7.8)

DPP-4i (n = 26,560)

51.6 (10.8)
15814 (59.5)
27.5 (3.5)
76.0 (11.8)
6971 (26.2)
1584 (6.0)

8.5(1.2)
9.0 (1.5)
6.0 (5.6)

15166 (57.1)
13751 (51.8)
5947 (22.4)
1949 (7.3)
2357 (8.9)
1359 (5.1)
13490 (50.8)
3120 (11.7)
0 (0.0)

0 (0.0)

1955 (7.4)

SMD

0.048
0.026
0.015
0.018
0.036
0.048

0.020
0.010
0.031

0.005
0.006
0.006
0.010
0.004
0.003
0.017
0.033
0.000
0.000
0.018

DPP-4i, dipeptidyl peptidase-4 inhibitor; BMI, body mass index; FPG, fasting plasma glucose; DM,

diabetes mellitus; eGFR, estimated glomerular filtration rate; CCI, Charlson Comorbidity Index. All SMD <
0.0, confirming adequate post-PSM balance. Continuous variables presented as mean (SD);

categorical variables as n (%).
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Characteristic

Demographics

Thyroid disease, n (%)

Prior Gl history

Prior biliary disease, n (%)

Prior pancreatitis, n (%)

Prior intestinal obstruction, n (%)
Prior gastroparesis, n (%)
Laboratory values

eGFR, mL/min/1.73m?, mean (SD)
Creatinine, pmol/L, mean (SD)
ALT, U/L, mean (SD)

AST, U/L, mean (SD)

Total cholesterol, mmol/L, mean (SD)
LDL-C, mmol/L, mean (SD)
HDL-C, mmol/L, mean (SD)
Triglycerides, mmol/L, mean (SD)
Medications

Prior metformin, n (%)

Prior sulfonylurea, n (%)

Prior insulin, n (%)

Prior SGLT2i, n (%)

Prior a-Gl (acarbose), n (%)
Statin, n (%)

PPI, n (%)

Abbreviations: SMD, standardized mean difference; GLP-1RA, glucagon-like peptide-1 receptor agonist;

GLP-1RA (n =

2,656)
207 (7.8)

142 (5.3)
64 (2.4)
0(0.0)
143 (5.4)

89.1 (20.2)
71.5(15.7)
36.4 (17.6)
27.9 (10.2)
4.8(1.0)
2.9 (0.8)
1.1(0.3)
1.9 (0.9)

1752 (66.0)
264 (9.9)
443 (16.7)
673 (25.3)
345 (13.0)
1093 (41.2)
393 (14.8)

DPP-4i (n = 26,560)

2068 (7.8)

1512 (5.7)
584 (2.2)
0 (0.0)
1565 (5.9)

89.3 (20.4)
71.0 (16.2)
36.4 (17.1)
28.0 (10.6)
4.9 (0.9)
2.9 (0.8)
1.1(0.3)
1.9 (0.9)

17221 (64.8)

2699 (10.2)
4748 (17.9)
6563 (24.7)
3455 (13.0)

11137 (41.9)

3932 (14.8)

SMD

0.000

0.015
0.014
0.000
0.022

0.007
0.035
0.000
0.012
0.003
0.024
0.048
0.027

0.024
0.007
0.032
0.015
0.001
0.016
0.000

DPP-4i, dipeptidyl peptidase-4 inhibitor; BMI, body mass index; FPG, fasting plasma glucose; DM,

diabetes mellitus; eGFR, estimated glomerular filtration rate; CCI, Charlson Comorbidity Index. All SMD <
0.0, confirming adequate post-PSM balance. Continuous variables presented as mean (SD);

categorical variables as n (%).
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Characteristic GLP-1RA (n= DPP-4i (n=26,560) SMD

2,656)

Demographics

Prokinetic agent, n (%) 149 (5.6) 1460 (5.5) 0.005
ACE inhibitor, n (%) 462 (17.4) 4801 (18.1) 0.018
ARB, n (%) 535 (20.1) 5523 (20.8) 0.016
Antiplatelet, n (%) 702 (26.4) 7096 (26.7) 0.006
Healthcare utilization

Outpatient visits, mean (SD) 7.9 (2.8) 8.0(2.8) 0.038
Hospitalizations, mean (SD) 0.3(0.6) 0.3(0.5) 0.011
CCl score, mean (SD) 1.3(1.0) 1.3(1.1) 0.035

Abbreviations: SMD, standardized mean difference; GLP-1RA, glucagon-like peptide-1 receptor agonist;
DPP-4i, dipeptidyl peptidase-4 inhibitor; BMI, body mass index; FPG, fasting plasma glucose; DM,
diabetes mellitus; eGFR, estimated glomerular filtration rate; CCI, Charlson Comorbidity Index. All SMD <
0.70, confirming adequate post-PSM balance. Continuous variables presented as mean (SD);
categorical variables as n (e/o).

The mean age was 52 years (SD 11) and 60% were male. Mean BMI was 27.5 kg/m? (SD 4.0) and mean
HbA1c was 8.5% (SD 1.5). The most frequently prescribed GLP-1RAs were liraglutide (52.4%),
semaglutide (28.2%), and dulaglutide (18.0%); among DPP-4i initiators, sitagliptin (45.0%) and linagliptin
(37.0%) predominated (Supplementary Table 4). Median follow-up was 913 days (IQR 822-1,003) in the
GLP-1RA group and 914 days (IQR 823-1,004) in the DPP-4i group, contributing 6,657 and 66,638
person-years, respectively (Supplementary Table 3). Treatment discontinuation was more frequent in the
GLP-1RA group (48.0% vs 30.0%). Schematic representation of the time-zero alignment framework
(Supplementary Fig. 6) showing the baseline assessment window (- 12 months), the index date (time
zero, T,), and the follow-up period (up to 3 years).

Intention-to-treat analysis

In the ITT analysis, the composite Gl outcome occurred in 112 GLP-1RA initiators (4.2%) and 846 DPP-4i
initiators (3.2%), with incidence rates of 16.83 and 12.70 per 1,000 person-years. GLP-1RA initiation was
associated with a significantly higher risk of the composite Gl outcome (HR 1.32,95% CI 1.08-1.61; P =
0.006; Table 2, Fig. 2).
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Table 2
Intention-to-Treat Analysis: Incidence Rates and Hazard Ratios for Gastrointestinal Outcomes

Outcome Events Events IR GLP- IR DPP- HR 95% CI P value
GLP-1RA DPP-4i 1RA* 4i*

Composite Gl 112 846 16.85 12.74 1.32 1.08- 0.0058
1.61

Biliary disease 47 420 7.07 6.33 1.11 0.82- 0.4826
1.51

Pancreatitis 13 99 1.96 1.49 1.31 0.74- 0.356
2.34

Intestinal 15 146 2.26 2.2 1.02 0.6— 0.934

obstruction 1.74

Gastroparesis 38 191 5.72 2.88 1.99 1.4- 0.0001
2.81

*Incidence rate per 1,000 person-years. HR, hazard ratio; Cl, confidence interval. Cox proportional
hazards models with robust sandwich variance estimators. GLP-TRA is the exposure group; DPP-4i is
the reference group. Statistically significant results (P < 0.05) in bold.

Among individual outcomes, gastroparesis showed the strongest association (HR 1.99, 95% CI 1.40-
2.81; P<0.001), with incidence rates of 5.71 versus 2.87 per 1,000 person-years (Table 2, Fig. 2). Biliary
disease (HR 1.11, 95% CI 0.82-1.51; P = 0.48), pancreatitis (HR 1.31,95% CI 0.74-2.34; P = 0.36), and
intestinal obstruction (HR 1.02,95% CI 0.60-1.74; P = 0.93) were not significantly associated with GLP-
1RA use. Kaplan-Meier curves showed progressive separation for the composite outcome and
gastroparesis beginning at approximately 6 months (Fig. 2). Summary of missing data by variable is
shown in Supplementary Table 2.

Per-protocol analysis

In the IPCW-weighted PP analysis, effect estimates were consistently larger than ITT estimates across
all outcomes (Table 3, Fig. 3). The composite Gl outcome yielded an HR of 1.65 (95% Cl 1.35-2.01), and
gastroparesis showed the most pronounced amplification (HR 2.45,95% CI 1.73-3.47). Biliary disease
reached statistical significance in the PP analysis (HR 1.40, 95% CI 1.03-1.89). IPCW weight diagnostics
confirmed a well-behaved distribution (mean 1.01, 99th percentile 1.68; Supplementary Table 7,
Supplementary Fig. 3).
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Table 3
Per-Protocol Analysis with Inverse Probability of Censoring Weights (IPCW)

Outcome ITTHR ITT95% PP HR PP 95% PPP Direction
Cl Cl value
Composite Gl 1.32 1.08- 1.65 1.35- 0 GLP-1RA >
1.61 2.01 DPP-4i
Biliary disease 1.11 0.82- 1.4 1.03- 0.0308 GLP-1RA >
1.51 1.89 DPP-4i
Pancreatitis 1.31 0.74- 1.63 0.92- 0.0951 GLP-1RA >
2.34 2.91 DPP-4i
Intestinal 1.02 0.6-1.74 1.29 0.76-2.2 0.3472 GLP-1RA >
obstruction DPP-4i
Gastroparesis 1.99 1.4-2.81 2.45 1.73- 0 GLP-1RA >
3.47 DPP-4i

ITT, intention-to-treat; PF, per-protocol; HR, hazard ratio; Cl, confidence interval; IPCW, inverse probability
of censoring weights. Patients censored at treatment discontinuation (gap = 90 days), switching to
comparator class, or addition of comparator. Stabilized IPCW weights truncated at 1st and 99th
percentiles.

Sensitivity and subgroup analyses

Results were robust across all prespecified sensitivity analyses (Supplementary Table 5, Supplementary
Fig. 4). Narrow outcome definitions, a 6-month washout, a 60-day grace period, and complete-case
analysis each produced estimates consistent with the primary analysis. E-values for the composite
outcome (E-value 2.0; Cl bound 1.4) and gastroparesis (E-value 3.4; Cl bound 2.1) indicated that
substantial unmeasured confounding would be needed to explain away these associations
(Supplementary Table 6, Supplementary Fig. 5).

Subgroup analyses for the composite Gl outcome showed broadly consistent results across prespecified
strata (Supplementary Table 8, Fig. 4). No statistically significant interactions were observed. The
association appeared numerically more pronounced in patients with prior Gl disease, longer diabetes
duration (= 5 years), and higher BMI (= 28 kg/m?), although Cls overlapped. Results were consistent
across the three study sites.

Details of missing data patterns, treatment patterns and consistency of per-protocol estimates are
shown in Supplementary Materials (Supplementary Methods 3).

Discussion

Principal findings
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In this multicenter TTE study of 29,216 propensity-score-matched adults with T2DM in Shanghai,
initiation of GLP-1RAs was associated with a 32% higher risk of composite Gl adverse events compared
with DPP-4is under ITT conditions and a 65% higher risk under PP conditions. Gastroparesis drove this
signal. The ITT HR of 1.99 for gastroparesis rose to 2.45 in the PP analysis. Biliary disease showed a
modest, non-significant elevation under ITT (HR 1.11) that became significant under PP (HR 1.40).
Pancreatitis and intestinal obstruction showed no meaningful association.

Comparison with existing evidence

Our gastroparesis finding aligns with a growing body of pharmacoepidemiologic evidence. Sodhi et al.
reported an HR of 3.67 for gastroparesis with GLP-1RAs versus bupropion-naltrexone in an obesity
cohort, though without BMI matching [6]. A recent TriNetX analysis that did match for BMI found an
adjusted HR of 2.30 for gastroparesis among obese non-diabetic GLP-1RA users [28]. Our estimate of
1.99 sits between these two, consistent with a genuine effect that is partially confounded by BMI in
unmatched designs. Notably, the Chiang et al. meta-analysis of 55 RCTs found no signal for
gastroparesis [8]. This discrepancy likely reflects the short follow-up typical of RCTs. In our cohort,
Kaplan-Meier curves for gastroparesis separated only after 6 months, beyond the duration of most phase
[l trials.

The biliary disease signal is consistent with the literature. He et al. reported a pooled relative risk of 1.37
from 76 RCTs [5]. Ko et al., using Korean National Health Insurance data in an active-comparator design,
found an HR of 1.27 for GLP-1RAs versus sodium-glucose cotransporter-2 inhibitors [25]. Our ITT HR of
1.11 is more conservative, possibly because PS matching for BMI and metabolic syndrome attenuated
residual confounding that inflates biliary risk in less well-adjusted studies. The PP HR of 1.40 is strikingly
close to the He et al. estimate, suggesting that non-adherence dilutes the ITT signal.

Our null finding for intestinal obstruction (HR 1.02) is consistent with the two largest recent studies.
Ueda et al. found no increased risk in a Scandinavian cohort of over 200,000 patients (HR 0.83, 95% ClI
0.69-1.01) [26]. Gao et al. reached a similar conclusion using the TriNetX database (> 1.2 million
patients) [27]. Earlier pharmacovigilance signals from the WHO and the CPRD were likely driven by
confounding by obesity and healthcare utilization [6].

Mechanistic interpretation

The gastroparesis signal has a compelling mechanistic basis. GLP-1 receptors are expressed on gastric
smooth muscle cells and myenteric plexus neurons throughout the Gl tract [22]. GLP-1RAs delay gastric
emptying through both vagal afferent-mediated central pathways and direct inhibition of antral
contractility [24]. In most patients this slowing is transient, subject to tachyphylaxis within weeks. In
patients with pre-existing diabetic autonomic neuropathy, however, the added pharmacologic inhibition
may push borderline gastric motility below a clinically relevant threshold. This explanation is consistent
with our subgroup finding that patients with longer diabetes duration (= 5 years) showed a numerically
larger effect.
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The biliary mechanism is less direct. GLP-1 receptor expression in the gallbladder itself is minimal [22].
The prevailing hypothesis invokes indirect pathways: GLP-1RA-mediated suppression of cholecystokinin
release reduces gallbladder contractility, prolongs the fasting gallbladder refilling interval, and promotes
bile stasis and cholesterol supersaturation [23]. This is a dose- and duration-dependent process, which
explains why the biliary signal emerged only in the PP analysis, where sustained exposure is captured,
but was attenuated in the ITT analysis, where non-adherent person-time dilutes the effect.

Strengths

This study has several strengths. The TTE framework, with explicit specification of a target trial protocol
(Supplementary Method 1) and alignment of eligibility, treatment, and follow-up at time zero, minimizes
immortal time bias and other design artifacts that have weakened prior observational studies [9, 12]. The
active-comparator, new-user design mitigates confounding by indication [14, 15]. Our use of both ITT and
IPCW-weighted PP analyses provides complementary causal contrasts: the ITT effect estimates the
public-health impact of treatment assignment, while the PP effect estimates the pharmacologic
consequence of sustained use [19]. The E-value of 3.4 for gastroparesis indicates that an unmeasured
confounder would need to be strongly associated with both treatment choice and the outcome to explain
away this result [21]. Finally, the Chinese EHR setting provides novel data from a population
underrepresented in existing GLP-1RA safety literature.

Limitations

Several limitations deserve acknowledgment. First, despite comprehensive PS matching with 47
covariates, residual confounding from unmeasured factors (dietary patterns, physical activity, over-the-
counter medication use) cannot be excluded. Second, Gl outcomes were identified from CCD codes,
which may undercount gastroparesis, a diagnosis that lacks a specific code in the Chinese system
(K31.8 is nonspecific). Our enhanced algorithm combining K31.8 with prokinetic prescriptions or gastric
emptying study orders improves specificity, but misclassification remains possible. Third, the 1:10
matching ratio, while maximizing statistical power, may reduce the effective sample by excluding DPP-4i
patients without suitable GLP-1RA matches. Fourth, approximately 15% of baseline data were missing.
Although MICE under a missing-at-random assumption is standard, the complete-case sensitivity
analysis produced consistent results. Fifth, the study was restricted to three Shanghai tertiary hospitals,
which may limit generalizability to primary care and rural settings. Sixth, we could not distinguish
between specific GLP-1RA agents due to limited within-class sample sizes; whether the risk varies by
agent (short-acting vs long-acting) remains an important question for future investigation.

Conclusions

Among adults with T2DM in Shanghai, initiation of GLP-1RAs was associated with a higher risk of
composite Gl adverse events compared with DPP-4is, driven primarily by a twofold increase in
gastroparesis. Biliary disease risk was elevated under sustained use but not under ITT conditions.
Pancreatitis and intestinal obstruction showed no significant association. These findings support the
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need for heightened clinical vigilance for gastroparesis symptoms among GLP-1RA initiators, particularly
those with long-standing diabetes. The TTE framework applied to multicenter Chinese EHR data provides
a robust platform for future comparative safety studies in this rapidly evolving therapeutic area.
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Patients with T2DM at 3 tertiary A hospitals

EHR records screened (N = 112,148) Excluded (n = 60,216)
* No GLP-1RA or DPP-4i prescription: 38,105

* Prevalent users (not new initiators): 8,942
v * <12-month washout period: 5,218
= " n . - = * <]2-month baseline EHR activity: 3,850
Eligible patients meeting all inclusion criteria « Age <18 years: 412
n = 51,932 * Type 1 DM or gestational DM: 1,876
l L « Prior GI outcome (within washout): 1,813

\ 4

Identification

Group A: GLP-1 RA Initiated Group B: DPP-4i Initiated
n = 4,454 n =47,478

| ;

1:10 Propensity Score Matching
Propensity scores (PS) were estimated using logistic regression with all measured covariates [16]. Patients were matched 1:10 (GLP-
1RA:DPP-4i) using nearest-neighbor matching within a caliper of 0.2 standard deviations of the logit of the PS.

Propensity Score
Matching

> Unmatched
A4 n=22,716
Post-PSM Analytic Cohort: N =29,216
GLP-1RA Group DPP-4i Group
n = 2,656 n =26,560
o
s ! v
2
= Follow-up (ITT analysis): Follow-up (ITT analysis):
= Median: 913 days (IQR 821-1,002) Median: 914 days (IQR 823-1,004)
Total: 6,657 person-years Total: 66,638 person-years
Discontinued: 1,275 (48.0%) | Switched: 242 Discontinued: 7,968 (30.0%) | Switched: 1,558
Outcomes (ITT): Outcomes (ITT):
@ Composite GI: 112 (4.2%) Composite GI: 846 (3.2%)
= Biliary disease: 47 | Pancreatitis: 13 Biliary disease: 420 | Pancreatitis: 99
g Intestinal obstruction: 15 | Gastroparesis: 38 Intestinal obstruction: 146 | Gastroparesis: 191
< Deaths: 32 (1.2%) | LTFU: 235 (8.8%) Deaths: 288 (1.1%) | LTFU: 2,254 (8.5%)
Figure 1

contains two slides. Slide 1 is the CONSORT-style study flow diagram showing the full patient journey
from 89,432 EHR records screened through 7 exclusion steps to the 29,216 eligible patients (2,656 GLP-
1RA + 26,560 DPP-4i), with drug-specific breakdowns, follow-up summaries, and outcome counts for
each arm. Slide 2 is the TTE design diagram illustrating the alignment of eligibility, treatment
assignment, and follow-up at time zero (T,), with annotated boxes for the baseline assessment window,
grace period, and censoring rules for both ITT and per-protocol analyses, directly implementing the Fu et
al. BMJ 2026 framework from your uploaded reference.
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Figure 2. Kaplan-Meier Cumulative Incidence of Gastrointestinal Outcomes
GLP-1 Receptor Agonists vs DPP-4 Inhibitors (Intention-to-Treat Analysis)
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Figure 2

presents five-panel Kaplan-Meier cumulative incidence curves for each Gl outcome (composite, biliary
disease, pancreatitis, intestinal obstruction, gastroparesis) with shaded 95% confidence bands, clearly
showing the separation between treatment groups, most pronounced for gastroparesis.
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B Intention-to-Treat (ITT)
€ Per-Protocol (PP, IPCW)
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Figure 3

displays side-by-side ITT (red squares) and per-protocol IPCW (blue diamonds) hazard ratios for all five
outcomes on a log scale, with numerical HR and 95% Cl annotations. The PP estimates are consistently
larger than ITT estimates, as expected when non-adherence attenuates a true treatment effect.
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Figure 4. Subgroup Analyses: Composite Gl Outcome (Intention-to-Treat)
GLP-1RA vs DPP-4i (reference)
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Figure 4

shows 21 prespecified subgroup analyses for the composite Gl outcome across 9 clinical dimensions
(age, sex, BMI, HbA1c, diabetes duration, eGFR, CVD status, prior Gl disease, insulin use), with bold
category headers and monospaced HR annotations.
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