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Abstract
Objective To compare the risks of gastric cancer and other gastric diseases in patients with type-2 diabetes mellitus (T2DM) 
exposed to sodium-glucose cotransporter 2 inhibitors (SGLT2I), dipeptidyl peptidase-4 inhibitors (DPP4I) or glucagon-like 
peptide-1 receptor agonists (GLP1a).
Design This was a population-based cohort study of prospectively collected data on patients with T2DM prescribed SGLT2I, 
DPP4I or GLP1a between January 1st 2015 and December 31st 2020 from Hong Kong. The outcomes were new-onset gas-
tric cancer, peptic ulcer (PU), acute gastritis, non-acute gastritis, and gastroesophageal reflux disease (GERD). Propensity 
score matching (1:1) using the nearest neighbour search was performed, and multivariable Cox regression was applied. A 
three-arm comparison between SGLT2I, DPP4I and GLP1a was conducted using propensity scores with inverse probability 
of treatment weighting.
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Results A total of 62,858 patients (median age: 62.2 years old [SD: 12.8]; 55.93% males; SGLT2I: n = 23,442; DPP4I: 
n = 39,416) were included. In the matched cohort, the incidence of gastric cancer was lower in SGLT2I (Incidence rate 
per 1000 person-year, IR: 0.32; 95% confidence interval, CI 0.23–0.43) than in DPP4I (IR per 1000 person-year: 1.22; CI 
1.03–1.42) users. Multivariable Cox regression found that SGLT2I use was associated with lower risks of gastric cancer 
(HR 0.30; 95% CI 0.19–0.48), PU, acute gastritis, non-acute gastritis, and GERD (p < 0.05) compared to DPP4I use. In 
the three-arm analysis, GLP1a use was associated with higher risks of gastric cancer and GERD compared to SGLT2I use.
Conclusions The use of SGLT2I was associated with lower risks of new-onset gastric cancer, PU, acute gastritis, non-acute 
gastritis, and GERD after matching and adjustments compared to DPP4I use. SGLT2I use was associated with lower risks 
of GERD and gastric cancer compared to GLP1a use.

Graphical abstract

Keywords Sodium-glucose cotransporter 2 inhibitors (SGLT2I) · Dipeptidyl peptidase-4 inhibitors (DPP4I) · Glucagon-
like peptide-1 receptor agonist (GLP1a) · Peptic ulcer · Gastric cancer · Gastritis

Introduction

The rising incidence of type 2 diabetes mellitus (T2DM) is 
a major global concern, imposing a significant burden on 
healthcare systems worldwide. T2DM is known to cause 
multiple complications, including upper gastrointestinal (GI) 
tract complications. Gastric cancer remained one of the most 
common causes of cancer-related mortality in China, with 
an estimated 5-year overall survival rate of 40.7% among 
241 prospective studies conducted from 2000 to 2022 based 
on a nationwide systematic review [1]. A systematic review 
of cohort studies has revealed a 14% higher risk of gastric 
cancer in individuals with T2DM [2]. Gastric cancer is more 
prevalent in Asia, with about half of the total gastric cancer 
cases found in the region, especially in China [3, 4].

Alongside gastric cancer, there is growing evidence 
regarding the role of diabetes in various types of gas-
tric diseases. Patients with diabetes were found to be at 
higher risk for developing peptic ulcers [5]. Therefore, 

the evidence raised the question of whether anti-diabetic 
agents had protective effects against gastric diseases. 
Experimental studies have found that metformin pro-
duced ulcer healing effects comparable to that of ome-
prazole, effects attributed to its anti-inflammatory actions 
[6]. These findings offered a potential explanation for the 
lower incidence of gastric cancer among people with dia-
betes who undergo eradication of Helicobacter pylori (H. 
pylori) [7].

However, the current literature surrounding novel anti-
diabetic agents such as sodium-glucose cotransporter 2 
inhibitors (SGLT2I) and dipeptidyl peptidase 4 inhibitors 
(DPP4I) on various gastric diseases remain controversial. 
Recent studies suggested that SGLT2I may offer potential 
GI protective effects. A meta-analysis of randomized 
controlled trials demonstrated an association between 
canagliflozin and a decreased risk of GI cancers, but no 
significant association was found with other SGLT2Is [8]. 
Possible biological mechanisms of SGLT2I on reduction 
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of cancer risk include reduction of glucose uptake of 
cancer cells, thereby increasing cell necrosis and reducing 
tumour growth [9], increased insulin sensitivity, and 
reduced chronic inflammation [10–12]. DPP4I and GLP1a 
may exert anti-cancer effects on gastric cancer via similar 
mechanisms [13, 14].

As of now, there is limited clinical evidence surrounding 
the association of the use of novel second-line anti-diabetic 
drugs (SGLT2I, DPP4I and glucagon-like peptide-1 receptor 
agonist (GLP1a) on different types of gastric diseases. 
Hence, the present study aims to explore the role of SGLT2I, 
DPP4I and GLP1a on new-onset gastric cancer and gastric 
diseases in a cohort of T2DM patients from Hong Kong.

Methods

Study population

This was a retrospective population-based study based 
on the Clinical Data Analysis and Reporting System 
(CDARS). CDARS encompasses medical records for over 
90% of Hong Kong's population, cataloguing a wealth of 
information including disease diagnoses, laboratory results, 
past comorbidities, clinical characteristics, and medication 
prescriptions [15]. CDARS is managed by the Hospital 
Authority, a statutory body overseeing all 43 public hospitals 
and 123 outpatient clinics across Hong Kong’s seven 
geographic regions, ensuring a population-based sample 
that is representative of the city [16]. CDARS has been 
employed in numerous populated-based studies [17–19]. 
This study was approved by the Institutional Review Board 
of the University of Hong Kong/Hospital Authority Hong 
Kong West Cluster (HKU/HA HKWC IRB) (UW-20-250) 
and complied with the Declaration of Helsinki. This study 
employed a new-user study design, in which T2DM patients 
who were newly prescribed either SGLT2I or only DPP4I in 
centres under the Hong Kong Hospital Authority, between 
1st January 2015 and 31st December 2020 (Supplementary 
Fig. 7). The GLP1a cohort comprised of patients newly 
prescribed GLP1a during the same period of time and was 
included for 3-arm comparison.

Input variables

The main exposure variable was SGLT2I or DPP4I uses. The 
following variables were extracted: gender, age of initial use 
of SGLT2I or DPP4I, clinical, laboratory, and medication 
data. Prior comorbidities were extracted in accordance with 
the International Classification of Diseases Ninth Edition 
(ICD-9) codes (Supplementary Table  1). Patient with 
prior identified H. pylori infection were defined by either 
ICD-9: 041.86, Microbiology results (MIS data), or prior 

history of H. pylori eradication therapy with concomitant 
use of proton pump inhibitor (PPI) and antibiotics 
according to previous study [20]. The diabetes duration 
was calculated by examining the earliest date amongst the 
first date of (1) diagnosis using ICD-9; (2) Haemoglobin 
A1c (HbA1c) ≥ 6.5%; (3) Fasting glucose ≥ 7.0  mmol/l 
or Random glucose ≥ 11.1 mmol/l [21]; (4) Using insulin 
and anti-diabetic medications apart from SGLT2I, DPP4I, 
and GLP1a. The Charlson's standard comorbidity index 
was calculated [22]. Patients with hepatitis C virus (HCV) 
infection were defined by both the ICD-9 code and HCV 
RNA positive status. Patients with hepatitis B virus (HBV) 
infection were defined by both the ICD 9 code and positive 
hepatitis B surface antigen (HBsAg) positive status.

The GI medications, cardiovascular medications, anti-
diabetic agents, and the antibiotics were extracted from 
the database. The duration and frequency of SGLT2I 
and DPP4I usage were extracted. Moreover, the baseline 
laboratory examinations, including the complete blood 
count, lipid and glucose profiles, as well as liver and renal 
biochemical tests were extracted. The estimated glomerular 
filtration rate (eGFR) was calculated using the abbreviated 
modification of diet in renal disease (MDRD) formula [23]. 
The variability measure for the lipid and glucose profiles 
were also calculated to reflect the extent of diabetes control 
(Supplementary Table 2). Furthermore, the time-weighted 
lipid and glucose profiles after drug initiation were also 
calculated by the products of the sums of two consecutive 
measurements and the time interval, then divided by the total 
time interval, as suggested previously [24].

Outcome of the study

The primary outcome of this study was the development 
of gastric cancer, peptic ulcer, acute gastritis, non-acute 
gastritis, and gastroesophageal reflux disease (GERD) upon 
the index date of the drug use (Supplementary Table 1). 
The secondary outcome was all-cause mortality. Mortality 
data were obtained from the Hong Kong Death Registry, 
a population-based official government registry with the 
registered death records of all Hong Kong citizens linked 
to CDARS. Mortality was recorded using the International 
Classification of Diseases Tenth Edition (ICD-10) coding. 
The endpoint date of interest for eligible patients was the 
event presentation date. The endpoint for those without 
primary outcome presentation was the mortality date or the 
endpoint of the study (31st December 2020).

Statistical analysis

Descriptive statistics are used to summarize baseline clinical 
and biochemical characteristics of patients with SGLT2I and 
DPP4I use. For baseline clinical characteristics, continuous 
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variables were presented as mean (95% confidence interval 
[95% CI]/standard deviation [25]) and the categorical variables 
were presented as total numbers (percentage). Propensity score 
matching with 1:1 ratio for SGLT2I use versus DPP4I use 
based on demographics, Charlson comorbidity index, non-
SGLT2I/DPP4I medications, prior comorbidities, biomarkers 
and duration from T2DM diagnosis initial drug exposure were 
performed using the nearest neighbour search strategy with 
a calliper of 0.1. Propensity score matching was performed 
using Stata software (Version 16.0).

Baseline characteristics between patients with SGLT2I 
and DPP4I use before and after matching were compared 
with absolute standardized mean difference (SMD), with 
SMD < 0.10 regarded as well-balanced between the two 
groups. The cumulative incidence curves for the primary 
outcomes and secondary outcomes were constructed and 
compared for the risk using log-rank tests. Proportional 
Cox regression models were used to identify significant 
risk predictors of adverse study outcomes. The log–log plot 
was used to verify the proportionality assumption for the 
proportional Cox regression models. Subgroup analysis was 
conducted to confirm the association amongst patients with 
different clinical important predictors. Cause-specific and 
sub-distribution hazard models were conducted to consider 
possible competing risks. Multiple propensity adjustment 
approaches were used, including propensity score stratification 
[26], propensity score matching with inverse probability of 
treatment weighting [27] and stable inverse probability 
weighting [28].

The three arm comparison results involving GLP1a using 
stabilized inverse probability of treatment weighting (IPTW) 
were conducted to provide further information regarding 
the gastric effects of the novel second-line anti-diabetic 
medications. Multiple sensitivity analysis were conducted 
to show the robustness of the associations. Furthermore, 
patients with chronic kidney disease (CKD) stage 4/5 
(eGFR < 30), peritoneal dialysis or haemodialysis who 
may be contraindicated with SGLT2I were excluded in the 
analysis. The analysis results with consideration of one-year 
lag time effects was also conducted. The as-treat approach 
was conducted, which patient were censored at treatment 
discontinuation or switching of the comparison medications. 
The negative control outcome was suggested to detect the 
residual bias and confounding factors due to unobserved 
confounders. We used the venous thromboembolism as the 
negative control in the falsification analysis (Supplementary 
Table 1), such that the observed significant association in the 
falsification analysis should be attributed to bias. The hazard 
ratio (HR), 95% CI and P value were reported. Statistical 
significance was defined as p value < 0.05. All statistical 
analyses were performed with RStudio (Version: 1.1.456) 
and Python (Version: 3.6).

Results

Basic characteristics

In this territory-wide cohort study of 76,147 patients with 
T2DM newly treated with SGLT2I/DPP4I between 1st Janu-
ary 2015 and 31st December 2020 in Hong Kong, patients 
were followed up until 31st December 2020 or until their 
deaths (Fig. 1). The following patient groups were excluded: 
those who (1) died within 30 days after initial drug exposure 
(N = 167); (2) without complete demographics (N = 19); (3) 
under 18 years old (N = 108); (4) with prior peptic ulcer, 
gastritis, GERD, gastric cancer (N = 108); (5) exposed to 
both DPP4I and SGLT2I prescription at any time point 
(N = 12,858) and (6) new onset gastric cancer development 
less than 1 year after drug exposure (N = 29).

After exclusion, this study included a total of 62,858 
patients with T2DM (mean age: 62.2 years old [SD: 12.8]; 
55.93% males), of whom 23,442 patients (35.33%) used 
SGLT2Is, and 39,416 patients (64.67%) used DPP4Is 
(Table 1). Before matching, the SGLT2I users were younger, 
with less comorbidities, more patients were using anti-
diabetic drugs thiazolidinedione and GLP1a, and have a 
higher eGFR compared to DPP4I users. The distribution 
from T2DM diagnosis date, and the duration from the 
medication initiation to clinical outcomes for SGLT2I, 
DPP4I, and GLP1a users are shown in Supplementary 
Fig. 1A and 1B respectively. The drug initiation date of the 
SGLT2I, DPP4I and GLP1a is shown in Supplementary 
Fig. 1C.

After propensity score matching, the two treatment groups 
were well-balanced in terms of baseline characteristics, 
except for eGFR, which had a difference of 1.6 between the 
two groups (SMD = 0.13) (Table 1), and the proportional 
hazard assumption was tested (Supplementary Fig. 2). The 
DPP4I and SGLT2I cohorts were comparable after matching 
with nearest neighbour search strategy with calliper of 0.1, 
and the proportional hazard assumption was confirmed 
(Supplementary Fig. 2). In the matched cohort, 197 patients 
developed new onset gastric cancer. Besides, 314 patients 
developed peptic ulcer, 246 developed acute gastritis, 325 
developed non-acute gastritis, and 851 patients developed 
GERD. Additionally, 1960 patients passed away during the 
study period. The characteristics of patients are shown in 
Table 1.

Association between SGLT2I and DPP4I and gastric 
cancer

In the matched cohort, there were 41 SGLT2I users and 156 
DPP4I users who developed gastric cancer. After a follow-up 
of 257,947.7 person-year, the incidence of gastric cancer was 
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lower amongst SGLT2I users (Incidence rate [IR] per 1000 
person-year: 0.32; 95% CI 0.23–0.43) compared to DPP4I 
users (IR per 1000 person-year: 1.22; 95% CI 1.03–1.42) 
with a rate ratio of 0.26 (95% CI 0.18–0.37) (Table 2). The 
incidence of gastric cancer amongst DPP4I users was similar 
to the incidence in China amongst patients over 60 years 
old (1.28 per 1000 person-time) [29, 30]. SGLT2I use was 
associated with a lower risk of gastric cancer compared to 
DPP4I use after adjustment (HR: 0.30; 95% CI 0.19–0.48, 
p < 0.0001) regardless of the demographics, comorbidi-
ties, medication profile, renal function, inflammatory sta-
tus, glycaemic tests, and the duration of T2DM (Table 2; 
Supplementary Fig. 3; Supplementary Table 3). This was 

substantiated by the cumulative incidence curves stratified 
by SGLT2I versus DPP4I (Fig. 2). 

Association between SGLT2I and DPP4I and gastric 
diseases

For peptic ulcer, 103 SGLT2I users and 211 DPP4I users 
developed peptic ulcer. After a total follow-up of 257,427 
person-year, the incidence of peptic ulcer was lower amongst 
SGLT2I users (IR per 1000 person-year: 0.80; 95% CI 
0.65–0.96) compared to DPP4I users (IR per 1000 person-
year: 1.65; 95% CI 1.44–1.89) with a rate ratio of 0.48 (95% 
CI 0.38–0.61) (Table 2). SGLT2I use was associated with a 

Fig. 1  Procedures of data processing for the study cohort. SGLT2I Sodium-glucose cotransporter-2 inhibitors, DPP4I Dipeptidyl peptidase-4 
inhibitors. MDRD modification of diet in renal disease
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Table 1  Baseline and clinical characteristics of patients with SGLT2I v.s. DPP4I use before and after propensity score matching (1:1)

Characteristics Before matching After matching

All 
(N = 62,858) 
Mean(SD);
N or Count(%)

SGLT2I users 
(N = 23,442) 
Mean(SD);
N or Count(%)

DPP4I users 
(N = 39,416) 
Mean(SD);
N or Count(%)

SMD# All 
(N = 46,884) 
Mean(SD);
N or Count(%)

SGLT2I users 
(N = 23,442) 
Mean(SD);
N or Count(%)

DPP4I users 
(N = 23,442) 
Mean(SD);
N or Count(%)

SMD#

Demographics
 Male gender 35,160 (55.93) 13,979 (59.63) 21,181 (53.73) 0.12 27,992 (59.70) 13,979 (59.63) 14,013 (59.77)  < 0.01
 Female gender 27,698 (44.06) 9463 (40.36) 18,235 (46.26) 0.12 18,892 (40.29) 9463 (40.36) 9429 (40.22)  < 0.01
 Baseline age, years 62.2 (12.8) 57.7 (11.3) 64.9 (12.9) 0.59 58.0 (11.1) 57.7 (11.3) 58.4 (10.9) 0.06

Past comorbidities
 Charlson 

comorbidity 
index

2.0 (1.5) 1.6 (1.3) 2.3 (1.6 0.52 1.6 (1.2) 1.56 (1.25) 1.58 (1.23) 0.02

 Duration from 
earliest diabetes 
mellitus 
diagnosis to 
index date, day

509.9 (1214.8) 519.6 (1332.2) 504.1 (1139.2) 0.01 507.8 (1254.5) 519.6 (1332.2) 495.9 (1171.4) 0.02

 Hypertension 14,514 (23.09) 5255 (22.41) 9259 (23.49) 0.03 10,149 (21.64) 5255 (22.41) 4894 (20.87) 0.04
 Heart failure 2080 (3.30) 634 (2.70) 1446 (3.66) 0.05 1242 (2.64) 634 (2.70) 608 (2.59) 0.01
 Ischemic heart 

disease
6381 (10.15) 2904 (12.38) 3477 (8.82) 0.12 5575 (11.89) 2904 (12.38) 2671 (11.39) 0.03

 Atrial fibrillation 1604 (2.55) 526 (2.24) 1078 (2.73) 0.03 1045 (2.22) 526 (2.24) 519 (2.21)  < 0.01
 Acute myocardial 

infarction
1775 (2.82) 798 (3.40) 977 (2.47) 0.05 1565 (3.33) 798 (3.40) 767 (3.27) 0.01

 Peripheral vascular 
disease

588 (0.93) 193 (0.82) 395 (1.00) 0.02 384 (0.81) 193 (0.82) 191 (0.81)  < 0.01

 Renal diseases 1140 (1.81) 151 (0.64) 989 (2.50) 0.15 301 (0.64) 151 (0.64) 150 (0.63)  < 0.01
 Stroke/transient 

ischemic attack
1989 (3.16) 615 (2.62) 1374 (3.48) 0.05 1221 (2.60) 615 (2.62) 606 (2.58)  < 0.01

 Gastrointestinal 
bleeding

1434 (2.28) 414 (1.76) 1020 (2.58) 0.06 815 (1.73) 414 (1.76) 401 (1.71)  < 0.01

 Identified H. pylori 
infection

3597 (5.72) 1231 (5.25) 2366 (6.00) 0.03 2388 (5.09) 1231 (5.25) 1157 (4.93) 0.01

 Autoimmune 
disease

653 (1.03) 246 (1.04) 407 (1.03)  < 0.01 480 (1.02) 246 (1.04) 234 (0.99) 0.01

 Cancer 1604 (2.55) 448 (1.91) 1156 (2.93) 0.07 894 (1.90) 448 (1.91) 446 (1.90)  < 0.01
 Chronic liver 

disease and 
cirrhosis

1312 (2.08) 633 (2.70) 679 (1.72) 0.07 1245 (2.65) 633 (2.70) 612 (2.61) 0.01

 HBV infection 2640 (4.19) 1232 (5.25) 1408 (3.57) 0.08 2365 (5.04) 1232 (5.25) 1133 (4.83) 0.02
 HCV infection 191 (0.30) 70 (0.29) 121 (0.30)  < 0.01 140 (0.29) 70 (0.29) 70 (0.29)  < 0.01
 Other liver 

diseases
711 (1.13) 222 (0.94) 489 (1.24) 0.03 441 (0.94) 222 (0.94) 219 (0.93)  < 0.01

 Diabetic 
retinopathy

4316 (6.86) 1626 (6.93) 2690 (6.82)  < 0.01 3038 (6.47) 1626 (6.93) 1412 (6.02) 0.04

Medication prescriptions
 Metformin 56,412 (89.74) 21,884 (93.35) 34,528 (87.59) 0.2 43,866 (93.56) 21,884 (93.35) 21,982 (93.77) 0.02
 Sulphonylurea 48,382 (76.97) 16,902 (72.10) 31,480 (79.86) 0.18 34,646 (73.89) 16,902 (72.10) 17,744 (75.69) 0.08
 Insulin 31,798 (50.58) 11,950 (50.97) 19,848 (50.35) 0.01 24,030 (51.25) 11,950 (50.97) 12,080 (51.53) 0.01
 Acarbose 1676 (2.66) 890 (3.79) 786 (1.99) 0.11 1581 (3.37) 840 (3.58) 741 (3.16) 0.02
 Thiozolidinedone 12,537 (19.94) 6377 (27.20) 6160 (15.62) 0.29 12,007 (25.61) 6377 (27.20) 5630 (24.01) 0.07
 Glucagon-like 

peptide-1 
receptor agonists

2017 (3.20) 1561 (6.65) 456 (1.15) 0.29 1951 (4.16) 1061 (4.52) 890 (3.79) 0.04
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Table 1  (continued)

Characteristics Before matching After matching

All 
(N = 62,858) 
Mean(SD);
N or Count(%)

SGLT2I users 
(N = 23,442) 
Mean(SD);
N or Count(%)

DPP4I users 
(N = 39,416) 
Mean(SD);
N or Count(%)

SMD# All 
(N = 46,884) 
Mean(SD);
N or Count(%)

SGLT2I users 
(N = 23,442) 
Mean(SD);
N or Count(%)

DPP4I users 
(N = 23,442) 
Mean(SD);
N or Count(%)

SMD#

 H2 antagonists 29,352 (46.69) 10,764 (45.91) 18,588 (47.15) 0.02 21,747 (46.38) 10,764 (45.91) 10,983 (46.85) 0.02
 Proton pump 

inhibitors
19,309 (30.71) 7007 (29.89) 12,302 (31.21) 0.03 13,720 (29.26) 7007 (29.89) 6713 (28.63) 0.03

 ACEI/ARB 20,586 (32.75) 13,846 (59.06) 6740 (17.09) 0.96 20,270 (43.23) 10,146 (43.28) 10,124 (43.18)  < 0.01
 Antibiotics 41,546 (66.09) 14,883 (63.48) 26,663 (67.64) 0.09 30,127 (64.25) 14,883 (63.48) 15,244 (65.02) 0.03
 Other 

antihypertensive 
drugs

2709 (4.30) 2117 (9.03) 592 (1.50) 0.34 2688 (5.73) 1517 (6.47) 1171 (4.99) 0.06

 Anti-hepatitis 946 (1.50) 466 (1.98) 480 (1.21) 0.06 923 (1.96) 466 (1.98) 457 (1.94)  < 0.01
 Statins and fibrates 32,843 (52.24) 17,296 (73.78) 15,547 (39.44) 0.74 32,519 (69.36) 16,696 (71.22) 15,823 (67.49) 0.08
 HCV treatment 746 (1.18) 363 (1.54) 383 (0.97) 0.05 723 (1.54) 363 (1.54) 360 (1.53)  < 0.01
 HBV treatment 898 (1.42) 440 (1.87) 458 (1.16) 0.06 878 (1.87) 440 (1.87) 438 (1.86)  < 0.01
 Antiplatelets 11,502 (18.29) 7429 (31.69) 4073 (10.33) 0.54 32,880 (70.13) 16,440 (70.13) 16,440 (70.13)  < 0.01
 Lipid-lowering 

drugs
22,612 (35.97) 15,358 (65.51) 7254 (18.40) 1.09 11,382 (24.27) 5829 (24.86) 5553 (23.68) 0.03

 Non-steroidal anti-
inflammatory 
drugs

11,041 (17.56) 7122 (30.38) 3919 (9.94) 0.53 20,875 (44.52) 10,358 (44.18) 10,517 (44.86) 0.01

 Diuretics 11,823 (18.80) 7196 (30.69) 4627 (11.73) 0.48 10,721 (22.86) 5422 (23.12) 5299 (22.60) 0.01
 Beta-blockers 9273 (14.75) 5973 (25.47) 3300 (8.37) 0.47 11,021 (23.50) 5596 (23.87) 5425 (23.14) 0.02
 Calcium channel 

blockers
16,249 (25.85) 10,218 (43.58) 6031 (15.30) 0.65 9052 (19.30) 4573 (19.50) 4479 (19.10) 0.01

Subclinical biomarkers
 Abbreviated 

MDRD, mL/
min/1.73 m^2

80.9 (28.5);
n = 51,653

90.0 (24.2);
n = 19,466

75.4 (29.5);
n = 32,187

0.54 88.4 (24.8);
n = 37,875

90.0 (24.2);
n = 19,466

86.8 (25.3);
n = 18,409

0.13

 Red cell 
count, × 10^12/L

4.5 (0.7);
n = 32,370

4.7 (0.6);
n = 13,137

4.4 (0.7);
n = 19,233

0.51 4.7 (0.6);
n = 25,159

4.74 (0.59);
n = 13,137

4.68 (0.61);
n = 12,022

0.09

Liver and renal functions
 Urea, mmol/L 6.5 (3.5);

n = 51,510
5.7 (2.1);
n = 19,426

7.0 (4.0);
n = 32,084

0.4 5.8 (2.3);
n = 37,790

5.7 (2.1);
n = 19,426

5.9 (2.6);
n = 18,364

0.09

 Creatinine, μmol/L 93.8 (74.2);
n = 51,653

78.9 (29.2);
n = 19,466

102.8 (90.0);
n = 32,187

0.36 81.5 (41.1);
n = 37,875

78.9 (29.2);
n = 19,466

84.1 (50.6);
n = 18,409

0.12

 Bilirubin, μmol/L 11.3 (7.0);
n = 40,057

11.5 (6.2);
n = 16,403

11.1 (7.5);
n = 23,654

0.05 11.4 (6.1);
n = 31,503

11.5 (6.2);
n = 16,403

11.4 (5.9);
n = 15,100

0.02

Lipid/glucose profiles
 Triglyceride, 

mmol/L
1.7 (1.6);
n = 48,474

1.8 (1.9);
n = 18,581

1.7 (1.4);
n = 29,893

0.08 1.8 (1.8);
n = 36,107

1.83 (1.86);
n = 18,581

1.83 (1.78);
n = 17,526

 < 0.01

 Low-density 
lipoprotein, 
mmol/L

2.4 (0.8);
n = 47,587

2.39 (0.81);
n = 18,228

2.39 (0.8);
n = 29,359

0.01 2.4 (0.8);
n = 35,391

2.39 (0.81);
n = 18,228

2.4 (0.79);
n = 17,163

0.01

 High-density 
lipoprotein, 
mmol/L

1.2 (0.3);
n = 48,395

1.16 (0.31);
n = 18,544

1.21 (0.34);
n = 29,851

0.14 1.2 (0.3);
n = 36,036

1.16 (0.31);
n = 18,544

1.18 (0.31);
n = 17,492

0.04

 Total cholesterol, 
mmol/L

4.3 (1.0);
n = 48,526

4.35 (1.03);
n = 18,609

4.34 (0.99);
n = 29,917

0.01 4.4 (1.0);
n = 36,150

4.3 (1.0);
n = 18,609

4.4 (1.0);
n = 17,541

0.02

 Baseline-Fasting 
glucose, mmol/L

9.0 (3.4);
n = 62,858

9.2 (3.2);
n = 23,442

8.9 (3.4);
n = 39,416

0.09 9.2 (3.5);
n = 33,684

9.2 (3.7);
n = 17,561

9.1 (3.4);
n = 16,123

0.04
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lower risk of peptic ulcer after adjustment (HR: 0.66; 95% 
CI 0.47–0.91, p = 0.0118) compared to DPP4I use (Fig. 2; 
Supplementary Fig. 3; Supplementary Table 3).

61 SGLT2I users and 185 DPP4I users developed acute 
gastritis during the follow-up period. After a total follow-up 
of 257,811.1 person-year, the incidence of acute gastritis 
was lower amongst SGLT2I users (IR per 1000 person-
year: 0.47; 95% CI 0.36–0.60) compared to DPP4I users 
(IR per 1000 person-year: 1.44; 95% CI 1.24–1.67) with 
a rate ratio of 0.33 (95% CI 0.24–0.43) (Table 2). SGLT2I 
use was associated with a 69% lower risk of acute gastritis 
after adjustment (HR 0.31; 95% CI 0.20–0.48, p < 0.0001) 
compared to DPP4I use (Fig. 2; Supplementary Fig. 3; 
Supplementary Table 3).

For non-acute gastritis, 79 SGLT2I users and 246 DPP4I 
users developed non-acute gastritis. After a total follow-
up of 257,547.2 person-year, the incidence of non-acute 
gastritis was lower amongst SGLT2I users (IR per 1000 

person-year: 0.61; 95% CI 0.48–0.76) compared to DPP4I 
users (IR per 1000 person-year: 1.92; 95% CI 1.69–2.18) 
with a rate ratio of 0.31 (95% CI 0.25–0.41) (Table 2). 
SGLT2I use was associated with a 65% lower risk of non-
acute gastritis after adjustment (HR 0.35; 95% CI 0.25–0.49, 
p < 0.0001) compared to DPP4I use (Fig. 2; Supplementary 
Fig. 3; Supplementary Table 3).

For GERD, 356 SGLT2I users and 395 DPP4I users 
developed GERD. After a total follow-up of 255,922.1 
person-year, the incidence of GERD was lower amongst 
SGLT2I users (IR per 1000 person-year: 2.76; 95% CI 
2.48–3.06) compared to DPP4I users (IR per 1000 person-
year: 3.90; 95% CI 3.56–4.25) with a rate ratio of 0.71 (95% 
CI 0.62–0.81) (Table 2). SGLT2I use was associated with 
a lower risk of GERD after adjustment (HR 0.62; 95% CI 
0.50–0.76, p < 0.0001) compared to DPP4I use (Fig. 2; 
Supplementary Fig. 3; Supplementary Table 3).

Table 1  (continued)

Characteristics Before matching After matching

All 
(N = 62,858) 
Mean(SD);
N or Count(%)

SGLT2I users 
(N = 23,442) 
Mean(SD);
N or Count(%)

DPP4I users 
(N = 39,416) 
Mean(SD);
N or Count(%)

SMD# All 
(N = 46,884) 
Mean(SD);
N or Count(%)

SGLT2I users 
(N = 23,442) 
Mean(SD);
N or Count(%)

DPP4I users 
(N = 23,442) 
Mean(SD);
N or Count(%)

SMD#

 Baseline-
Hemoglobin 
A1C, %

8.1 (1.4);
n = 62,858

8.3 (1.4);
n = 23,442

8.0 (1.4);
n = 39,416

0.19 8.3 (1.5);
n = 37,166

8.3 (1.6);
n = 19,101

8.2 (1.4);
n = 18,065

0.06

Time-weighted mean of lipid/glucose profiles
 Time weighted 

mean of 
triglyceride, 
mmol/L

1.8 (1.0);
n = 31,689

1.9 (1.0);
n = 13,941

1.8 (1.0);
n = 17,748

0.05 1.9 (1.1);
n = 26,652

1.87 (1.02);
n = 13,941

1.9 (1.09);
n = 12,711

0.03

 Time weighted 
mean of 
low-density 
lipoprotein, 
mmol/L

2.3 (0.6);
n = 29,674

2.3 (0.57);
n = 12,992

2.34 (0.59);
n = 16,682

0.06 2.3 (0.6);
n = 24,885

2.3 (0.57);
n = 12,992

2.32 (0.58);
n = 11,893

0.03

 Time weighted 
mean of 
high-density 
lipoprotein, 
mmol/L

1.2 (0.2);
n = 31,226

1.16 (0.19);
n = 13,826

1.18 (0.21);
n = 17,400

0.09 1.2 (0.2);
n = 26,429

1.16 (0.19);
n = 13,826

1.16 (0.19);
n = 12,603

 < 0.01

 Time weighted 
mean of total 
cholesterol, 
mmol/L

4.3 (0.6);
n = 31,718

4.3 (0.6);
n = 13,966

4.4 (0.6);
n = 17,752

0.08 4.3 (0.6);
n = 26,706

4.3 (0.61);
n = 13,966

4.32 (0.61);
n = 12,740

0.02

 Time weighted 
mean of fasting 
glucose, mmol/L

7.8 (3.0);
n = 34,853

7.9 (2.9);
n = 14,876

7.8 (3.0);
n = 19,977

0.03 7.9 (3.1);
n = 28,298

7.9 (2.9);
n = 14,876

7.8 (3.2);
n = 13,422

0.03

 Time weighted 
mean of HbA1C, 
%

7.9 (1.4);
n = 37,636

7.9 (1.4);
n = 15,882

7.8 (1.4);
n = 21,754

0.07 7.9 (1.4);
n = 30,562

7.91 (1.39);
n = 15,882

7.91 (1.36);
n = 14,680

 < 0.01

SGLT2I sodium glucose cotransporter-2 inhibitor, DPP4I dipeptidyl peptidase-4 inhibitor, SD standard deviation, RMS Rooted mean square, 
CV Coefficient of variation, MDRD modification of diet in renal disease, ACEI angiotensin-converting enzyme inhibitors, ARB angiotensin II 
receptor blockers, HBV hepatitis B virus, HCV hepatitis C virus, SMD standardized mean difference
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Mortality outcomes

703 SGLT2I users and 1257 DPP4I users passed away. After 
a follow-up of 258,567.2 person-year, the incidence of all-
cause mortality was lower amongst SGLT2I users (IR 5.40; 
95% CI 5.02–5.83) compared to DPP4I users (IR 9.77; 95% 
CI 9.24–10.3) with a rate ratio of 0.26 (95% CI 0.18–0.37) 
(Table 2). SGLT2I use was associated with a 70% lower risk 
of all-cause mortality after adjustment (HR 0.55; 95% CI 
0.50–0.61, p < 0.0001) compared to DPP4I use regardless of 
the duration of diabetes mellitus (Supplementary Table 3). 
This was substantiated by the cumulative incidence curves 
stratified by SGLT2I versus DPP4I (Fig. 2; Supplementary 
Fig. 3). The marginal effect plotting HRs as a function of 
diabetes duration are shown in Supplementary Fig. 4, show-
ing higher risks with longer disease duration. The results of 
the subgroup analysis for effects of SGLT2I and DPP4I uses 
on the gastric cancer and the gastric diseases are presented 
in Fig. 3 and Supplementary Figs. 5 to 6.

Three‑arm comparison between SGLT2I, DPP4I 
and GLP1a

A 3 arm analysis with the inclusion of GLP1a (included 
patients on SGLT2I, DPP4I, and GLP1a only) was con-
ducted using stabilized IPTW (Supplementary Table 4 and 

10). The bar charts of drug initialization dates for SGLT2I, 
DPP4I, and GLP1a uses are shown in Supplementary Fig. 7. 
The results between DPP4I and SGLT2I remained consist-
ent with the main result (all p < 0.05) (Table 2). GLP1a use 
was associated with a 147% higher risk of gastric cancer 
(HR 2.47; 95% CI 1.27–4.81, p = 0.0079) after adjustment 
compared to SGLT2I use. The result also demonstrated that 
GLP1a use was associated with a higher risk of GERD (HR 
1.43; 95% CI 1.04–1.97, p = 0.0299), but not peptic ulcer 
(HR 1.57; 95% CI 0.80–3.05, p = 0.1864), acute gastritis 
(HR 1.03; 95% CI 0.49–2.19, p = 0.9343), and non-acute 
gastritis (HR 1.51; 95% CI 0.99–2.32, p = 0.5818) after 
adjustment compared to SGLT2I use. Furthermore, DPP4I 
use was associated with higher risks of all-cause mortality 
(HR 2.57; 95% CI 2.36–2.79, p < 0.0001), while GLP1a’s 
risks of all-cause mortality (HR: 0.84; 95% CI 0.61–1.15; 
p = 0.2659) was not significantly different from SGLT2I use.

Sensitivity analysis

The results of the cause-specific hazard models, sub-
distribution hazard models, and different propensity 
score approaches demonstrated that different models did 
not change the point estimates for both the primary and 
the secondary outcomes (all p < 0.05) (Supplementary 
Table 5). Furthermore, when patients with CKD stage 4/5 

Table 2  Incidence rate (IR) per 1000 person-year and the association of primary outcomes and all-cause mortality in the SGLT2I v.s. DPP4I 
cohort before and after 1:1 propensity score matching

Adjusted for significant demographics, past comorbidities, non-SGLT2I/DPP4I medications, abbreviated MDRD, NLR, fasting glucose, HbA1c, 
and duration from earliest diabetes mellitus date to initial drug exposure date
HR hazard ratio, CI confidence interval, SGLT2I sodium glucose cotransporter-2 inhibitor, DPP4I dipeptidyl peptidase-4 inhibitor

Person-year Number of 
events

IR [95% CI] Rate ratio Adjusted hazard ratio P-value

Gastric cancer
 DPP4I users 128,115.3 156 1.22[1.03–1.42] 1 [Reference] 1 [Reference] NA
 SGLT2I users 129,832.4 41 0.32[0.23–0.43] 0.26[0.18–0.37] 0.30[0.19–0.48]  < 0.0001

Peptic ulcer
 DPP4I users 127,820.7 211 1.65[1.44–1.89] 1 [Reference] 1 [Reference] NA
 SGLT2I users 129,606.3 103 0.80[0.65–0.96] 0.48[0.38–0.61] 0.66[0.47–0.91]; 0.0118

Acute gastritis
 DPP4I users 128,061.7 185 1.44[1.24–1.67] 1 [Reference] 1 [Reference] NA
 SGLT2I users 129,749.4 61 0.47[0.36–0.60] 0.33[0.24–0.43] 0.31[0.20–0.48];  < 0.0001

Non-acute gastritis
 DPP4I users 127,828.5 246 1.92[1.69–2.18] 1 [Reference] 1 [Reference] NA
 SGLT2I users 129,718.7 79 0.61[0.48–0.76] 0.31[0.25–0.41] 0.35[0.25–0.49]; P < 0.0001

Gastroesophageal reflux disease
 DPP4I users 127,052.7 495 3.90[3.56–4.25] 1 [Reference] 1 [Reference] NA
 SGLT2I users 128,869.4 356 2.76[2.48–3.06] 0.71[0.62–0.81] 0.62[0.50–0.76];  < 0.0001

All-cause mortality
 DPP4I users 128,619.7 1257 9.77[9.24–10.3] 1 [Reference] 1 [Reference] NA
 SGLT2I users 129,947.5 703 5.40[5.02–5.83] 0.55[0.50–0.61] 0.77[0.66–0.89]; 0.0003
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Fig. 2  Cumulative incidence curves for new onset gastric outcomes and all-cause mortality stratified by drug exposure effects of SGLT2I and 
DPP4I after propensity score matching (1:1). SGLT2I Sodium-glucose cotransporter-2 inhibitors, DPP4I Dipeptidyl peptidase-4 inhibitors
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Fig. 2  (continued)
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Fig. 2  (continued)
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(eGFR < 30), peritoneal dialysis, or haemodialysis were 
excluded from the matched cohort, SGLT2I use remained 
associated with lower risks of all gastric outcomes compared 
to DPP4I use (Supplementary Table  6). The three-arm 
analysis for 1-year lag time also demonstrated the same 
trend (all p < 0.05) (Supplementary Table 7). Moreover, the 
as-treat approach was used to account for the effects of drug-
switching or discontinuation, and it did not affect the results 
(all p < 0.05) (Supplementary Table 8).

Falsification analysis

Venous thromboembolism was used as the negative control 
outcome in the falsification analysis for the comparison 
between SGLT2I and DPP4I (Supplementary Table 9). The 
result showed no significant difference in the risk of venous 
thromboembolism between SGLT2I and DPP4I uses after 
adjustments (HR 1.21; 95% CI 0.98–1.53, p = 0.1034).

Discussion

In this territory-wide cohort study, we used real-world 
data to compare the relationship between SGLT2I versus 
DPP4I on gastric cancer and gastric diseases (peptic ulcer, 

acute gastritis, non-acute gastritis, and GERD). Our results 
demonstrated that SGLT2I use was associated with lower 
risk of gastric cancer, peptic ulcer, acute gastritis, non-acute 
gastritis, and GERD than DPP4I use. To the best of our 
knowledge, this was the first cohort study to investigate 
the association between the novel anti-diabetic drugs with 
gastric cancer and the gastric diseases.

Comparison with previous studies – gastric cancer

Overall, the incidence rate of gastric cancer in this study 
closely aligned with the previous studies [29, 30]. A previous 
study found an incidence of 1.28 per 1000 population for 
gastric cancer in China [29]. Multiple population-based 
observational studies illustrated the protective effects 
of metformin on gastric cancer [31]. However, studies 
examining the association between the novel anti-diabetic 
medications and gastric cancer remain scarce. In our study, 
the IR of the gastric cancer was the lower for SGLT2I 
users (0.32[0.23–0.43]) compared to DPP4I users (1.22 
[1.03–1.42]). We also found similar rates for GLP1a use in 
the three-arm analysis.

The possible associations between SGLT2I or DPP4I 
use and gastric cancer risk remain controversial as current 
literature demonstrates conflicting evidence. There have 

Fig. 2  (continued)
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Fig. 3  Subgroup analyses for SGLT2I v.s. DPP4I exposure predict 
new onset gastric cancer, gastric diseases, and all-cause mortality in 
the matched cohort. SGLT2I Sodium-glucose cotransporter-2 inhibi-

tors, DPP4I Dipeptidyl peptidase-4 inhibitors, Q1 Quartile 1, Q2 
Quartile 2, Q3 Quartile 3, Q4 Quartile 4, TIA Transient ischaemic 
attack, CI Confidence interval
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been some promising evidence revealing decreased risks 
of gastric cancer observed with canagliflozin use [8]. 
This is further supported by other meta-analyses that have 
highlighted the decreased risk of GI cancer upon SGLT2I 
usage [32, 33]. The inhibitory effects of canagliflozin on 
SGLT1 and SGLT2 receptors can prevent glucose uptake of 
cancer cells, thereby increasing cell necrosis and reducing 
tumour growth [9]. SGLT2Is are also thought to enhance 
insulin sensitivity and diminish chronic inflammation, which 
may help mitigate the inflammatory microenvironment in 
T2DM that facilitates cancer development [10–12]. Given 
the relatively short follow-up duration of our study compared 
to the duration of gastric carcinogenesis, we hypothesised 
that the effects from the SGLT2I may not be totally 
arresting the carcinogenesis, but rather, slowing down the 
processes of carcinogenesis by the inhibitory mechanisms 
aforementioned.

A separate meta-analysis demonstrated that there was 
no significant increase in digestive system cancer risk 
observed in DPP4I use compared to placebo (RR 0.93 
[0.77–1.13]) [34]. This is further corroborated by another 
study that show DPP4I usage was not associated with 
increased gastric cancer risk when comparing DPP4I, 
GLP1a and metformin usage [35]. In our study, the three-
arm analysis found that DPP4I and GLP1a shared similar 
risks of gastric cancer compared to SGLT2I (Supplementary 
Table 4). Wong et al. revealed that adding DPP4I for diabetic 
patients on metformin-sulfonylurea therapy correlated 
with the lowest risk of overall cancer compared to insulin 
and thiazolidinediones [36]. This may be attributed to a 
combination of the immunological function of DPP4 in 
activating quiescent T-lymphocytes, leading to cell apoptosis 
and decreasing carcinogenesis [37]. However, it must be 
noted that there are currently no studies investigated the 
direct relationship between DPP4I and gastric cancer in 
T2DM patients. Several studies examined the protective 
effects of GLP1a against prostate, breast and cervical 
cancer [38–40]. The GLP1a cohort data was utilised as a 
form of additional analysis to confirm their overall effects on 
mortality given its relatively small sample size. As GLP1a 
is becoming more popular in Hong Kong, the GLP1a cohort 
will be expanded in few years’ time and its gastric effects can 
be further elucidated.

Comparison with previous studies—gastric diseases

The incidence of peptic ulcers in this cohort is similar to the 
previous studies [41]. The current studies surrounding the 
influence of SGLT2I, DPP4I, and GLP1a on peptic ulcers 
is predominantly conducted through animal models. The 
SGLT2I dapagliflozin may decrease risk of peptic ulcer by 
lowering blood glucose and modulating ghrelin, motilin, 
and gastrin levels, thereby decreasing gastric acidity and 

inflammation while promoting mucosal healing [42]. On the 
other hand, DPP4I sitagliptin was effective against intestinal 
ulcers and improved ulcer healing through the activation 
of the GLP-2 signal pathway [43]. This effect cold be 
extrapolated to why anti-diabetic medications generate a 
protective effect against peptic ulcer.

A meta-analysis demonstrated conflicting results 
regarding the effect of SGLT2I, DPP4I and GLP1a 
on various types of gastritis. In general, no significant 
association between SGLT2I and DPP4I and gastric 
diseases was found, whereas some GLP1a medications 
were associated with increased risks of gastric diseases [44]. 
Furthermore, some studies elucidate that GLP1a usage was 
associated with increased risks of gastritis and GERD [45]. 
However, in an animal study, the use of empagliflozin was 
found to be associated with lower gastritis scores and milder 
inflammation compared to the control group [46].

Recent studies have found that SGLT2I and DPP4I 
agents can effectively improve GERD. Diabetic patients 
are at a higher risk of developing GERD due to autonomic 
neuropathy and obesity [47]. By promoting weight loss, 
diabetic medications can help mitigate obesity-related 
factors such as increased intragastric pressure, reduced lower 
esophageal sphincter pressure, and esophageal dysmotility, 
thus reducing the risk of GERD [48, 49]. Compared to 
Western countries, GERD is relatively less common in Asia, 
which parallels the incidence rate presented in this study 
cohort [50]. An analysis using Japanese adverse drug event 
report database (JADER) highlighting DPP4Is usage showed 
a lower incidence of GERD-like symptoms compared to 
GLP1a usage [51]. Meanwhile, a randomized controlled trial 
demonstrated that the use of lixisenatide and liraglutide did 
not have a significant impact on GERD or gastric motility 
[52].

Clinical implications

The secondary protective benefits of the usage of SGLT2I 
and DPP4I on cardiovascular and gastric diseases have 
received worldwide attention in recent years. While more 
evidence supports the favourable effects of antidiabetic 
medications on cardiovascular mortality [53], there is limited 
evidence surrounding the latter. This notwithstanding, 
T2DM patients are susceptible to higher risk and mortality of 
gastric cancer [54, 55]. Therefore, the continuous elucidation 
of the possible implications of antidiabetic medications is 
crucial for optimising the management of gastric diseases, 
reducing healthcare resources and improving prognosis. In 
this study, we investigated the association using data from 
routine clinical practice, the result of which may influence 
the choice of second-line antidiabetic therapy in T2DM 
patients based on their gastric safety profile. As the results 
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suggested, SGLT2I usage may be associated with a stronger 
protective effect against gastric cancer compared to DPP4I.

Strengths and limitations

The strength of this study is the usage of CDARS. This 
comprehensive electronic health record database includes 
details of patient information such as drug prescription 
dates, time-serial laboratory results, and comorbidities. 
Hence, this limits information and selection and recall bias. 
The majority of current studies examined the effect of anti-
diabetic medications as an individual predictor or compare 
two of the drugs. In contrast, our study compares two drugs 
with one extra drug (GLP1a) for a three-arm comparative 
analysis. Furthermore, only new users of SGLT2I and DPP4I 
were included in this study, so the effects of the baseline 
drug will be minimised. Lastly, to minimise the risk of 
residual confounding, we conducted a falsification analysis 
between SGLT2I and the DPP4I, which demonstrated that 
the use of SGLT2I was not associated with decreased risks 
of venous thromboembolism.

In contrast, several limitations should be acknowledged. 
First, due to the observational nature of this study, 
common variables, including smoking, drinking, BMI, 
and socioeconomic status, were also not available from 
CDARS. This could only be addressed by including the 
comorbidities and the laboratory test results in the study 
to indirectly refer to their cardiovascular risk factors. 
Propensity score matching and proportional hazard model 
were used to mitigate the effects of differences in baseline 
characteristics between SGLT2I and DPP4I users. Previous 
SGLT2I studies have also utilised a similar approach [25, 
56], as well as non-SGLT2I pharmacoepidemiologic 
studies [57, 58]. However, since the cohorts were well-
matched over a wide range of diseases and medications, 
and the falsification analysis suggested that SGLT2I was 
not associated with reduced risks of DPP4I, ideally, the 
covariates not included should be well-balanced. The data 
results may be susceptible to coding errors, missing data, 
under-coding and underreporting of clinical diagnoses. 
To minimise this, we have included all available data on 
laboratory tests and medications, and verified the ICD-9 
diagnosis codes with existing studies. As the accurate 
medications and laboratory testing results were matched 
and also adjusted in the regression, the impacts of the 
coding error effects may be compensated.

Besides, the drug exposure duration, patient compliance 
to medication could not be standardised. The patient’s 
level of medication adherence was indirectly assessed 
through the frequency of prescription refills. This may 
lead to time lag biases and immortal time. Additionally, 
patients who may have switched between SGLT2I or 
DPP4I usage due to the presence of comorbidities or poor 

glycaemic control may have contributed to worse gastric 
outcomes among SGLT2I users. Nonetheless, this would 
result in an underestimation of the protective influences of 
SGLT2I against gastric outcomes and would not drastically 
impact the overall results.

Nevertheless, it was a common practice to get the 
ICD-9 code for patients with H. pylori infection diagnosed 
after oesophagogastroduodenoscopy (OGD). Hence, there 
may be an underestimation of H. pylori in ICD9 as not all 
patients may undergo OGD. Further research is warranted 
to explore the effects of serological gastritis markers and 
endoscopic findings. Furthermore, the nature of the study 
design suggests that the findings between specific drugs 
and gastric outcomes are correlational in nature. Thus, 
prospective randomised controlled trials are imperative 
to evaluate the causal links of anti-diabetic medications. 
Lastly, given the relatively low number of gastric cancers 
amongst the patients and the relatively short duration of 
follow-up compared to the gastric carcinogenesis process, 
despite a cohort of 257,947.7 person-year, the observation 
and the statistical outcome may require further follow-up 
in the future when SGLT2I are more frequently prescribed 
in the future.

Conclusions

In this population-based cohort study, SGLT2I use was 
associated with lower risks of gastric cancer, peptic ulcer, 
acute gastritis, non-acute gastritis, and GERD compared 
to DPP4I use in the matched cohort on multivariable 
regression. These results may have potential clinical 
implications in reducing the gastric complications of 
T2DM. Further investigation into the mechanisms behind 
the association between SGLT2I use and gastric cancer is 
needed.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10120- 024- 01512-7.

Acknowledgements None.

Author contributions Data analysis: OHIC, VKC, LL, JZ; Data 
review: OHIC, SL, GT, JZ; Data acquisition: OHIC, TTLL, SL; 
Data interpretation: OHIC, CTC, BMYC, GT, JZ; Critical revision 
of manuscription: AK, BMYC, GT, JZ; Supervision: BMYC, GT, JZ; 
Manuscript writing: OHIC, CTC, ZMWN, KKW; Manuscript revision: 
OHIC, TTLL, ZMWN, KKW, SL, HL, TKRP.

Funding GT and RTKP are supported by the Hong Kong Metro-
politan University’s Research Impact Fund (Project Reference No. 
RIF/2022/2.2).

Availability of data and materials Data are not available, as the 
data custodians (Hospital Authority) have not given permission for 
sharing due to patient confidentiality and privacy concerns. Local 
academic institutions, government departments, or nongovernmental 

https://doi.org/10.1007/s10120-024-01512-7


 O. H. I. Chou et al.

organizations may apply for the access to data through the Hospital 
Authority’s data sharing portal (https:// www3. ha. org. hk/ data).

Declarations 

Conflict of interest Authors declares that they have no conflict of in-
terest.

Guarantor statement All authors approved the final version of the 
manuscript. GT is the guarantor of this work and, as such, had full 
access to all the data in the study and takes responsibility for the integ-
rity of the data and the accuracy of the data analysis.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Li H, Zhang H, Zhang H, Wang Y, Wang X, Hou H. Survival 
of gastric cancer in China from 2000 to 2022: a nationwide 
systematic review of hospital-based studies. J Glob Health. 
2022;12:11014. https:// doi. org/ 10. 7189/ jogh. 12. 11014.

 2. Guo J, Liu C, Pan J, Yang J. Relationship between diabetes and 
risk of gastric cancer: a systematic review and meta-analysis of 
cohort studies. Diabetes Res Clin Pract. 2022;187:109866. https:// 
doi. org/ 10. 1016/j. diabr es. 2022. 109866.

 3. Ang TL, Fock KM. Clinical epidemiology of gastric cancer. 
Singapore Med J. 2014;55(12):621–8. https:// doi. org/ 10. 11622/ 
smedj. 20141 74.

 4. Wong BC, Lam SK, Ching CK, Hu WH, Kwok E, Ho J, et al. 
Differential Helicobacter pylori infection rates in two contrasting 
gastric cancer risk regions of South China. China Gastric Cancer 
Study Group. J Gastroenterol Hepatol. 1999;14(2):120–5. https:// 
doi. org/ 10. 1046/j. 1440- 1746. 1999. 01823.x.

 5. Komar OM, Kizlova NM, Trylevych OD, Kravchenko VV. Risk 
factors for adverse course of gastric and duodenal peptic ulcer. 
Wiad Lek. 2018;71(1 pt 2):160–4.

 6. AbdelAziz EY, Tadros MG, Menze ET. The effect of metformin 
on indomethacin-induced gastric ulcer: involvement of nitric 
oxide/Rho kinase pathway. Eur J Pharmacol. 2021;892:173812. 
https:// doi. org/ 10. 1016/j. ejphar. 2020. 173812.

 7. Cheung KS, Chan EW, Wong AYS, Chen L, Seto WK, Wong ICK, 
et al. Metformin use and gastric cancer risk in diabetic patients 
after Helicobacter pylori eradication. JNCI J Natl Cancer Inst. 
2018;111(5):484–9. https:// doi. org/ 10. 1093/ jnci/ djy144.

 8. Tang H, Dai Q, Shi W, Zhai S, Song Y, Han J. SGLT2 inhibi-
tors and risk of cancer in type 2 diabetes: a systematic review 
and meta-analysis of randomised controlled trials. Dia-
betologia. 2017;60(10):1862–72. https:// doi. org/ 10. 1007/ 
s00125- 017- 4370-8.

 9. Scafoglio C, Hirayama BA, Kepe V, Liu J, Ghezzi C, Satyamurthy 
N, et al. Functional expression of sodium-glucose transporters in 

cancer. Proc Natl Acad Sci USA. 2015;112(30):E4111–9. https:// 
doi. org/ 10. 1073/ pnas. 15116 98112.

 10. Yaribeygi H, Sathyapalan T, Maleki M, Jamialahmadi T, Sahebkar 
A. Molecular mechanisms by which SGLT2 inhibitors can induce 
insulin sensitivity in diabetic milieu: a mechanistic review. Life 
Sci. 2020;240:117090. https:// doi. org/ 10. 1016/j. lfs. 2019. 117090.

 11. Singh N, Baby D, Rajguru JP, Patil PB, Thakkannavar SS, Pujari 
VB. Inflammation and cancer. Ann Afr Med. 2019;18(3):121–6. 
https:// doi. org/ 10. 4103/ aam. aam_ 56_ 18.

 12. Theofilis P, Sagris M, Oikonomou E, Antonopoulos AS, Siasos 
G, Tsioufis K, et al. The impact of SGLT2 inhibitors on inflamma-
tion: a systematic review and meta-analysis of studies in rodents. 
Int Immunopharmacol. 2022;111:109080. https:// doi. org/ 10. 
1016/j. intimp. 2022. 109080.

 13. Zuo B, Li T, Liu X, Wang S, Cheng J, Liu X, et al. Dipeptidyl 
peptidase 4 inhibitor reduces tumor-associated macrophages and 
enhances anti-PD-L1-mediated tumor suppression in non-small 
cell lung cancer. Clin Transl Oncol. 2023;25(11):3188–202. 
https:// doi. org/ 10. 1007/ s12094- 023- 03187-5.

 14. Fareed A, Hussain A. The expanding role of GLP-1: from diabetes 
management to cancer treatment. Clin Med Insights Endocrinol 
Diabetes. 2023;16:11795514231213566. https:// doi. org/ 10. 1177/ 
11795 51423 12135 66.

 15. H.K. H. Hospital authority statistical report 2016–2017. 
2016–2017.

 16. Authority H: Introduction. https:// www. ha. org. hk/ visit or/ ha_ visit 
or_ index. asp? Parent_ ID= 10004 & Conte nt_ ID= 10008 & Ver= 
HTML (2024). Accessed.

 17. Wu D, Nam R, Leung KSK, Waraich H, Purnomo A, Chou OHI, 
et al. Population-based clinical studies using routinely collected 
data in Hong Kong, China: a systematic review of trends and 
established local practices. Cardiovasc Innov Appl. 2023.

 18. Chou OHI, Zhou J, Lee TTL, Kot T, Lee S, Wai AKC, et al. 
Comparisons of the risk of myopericarditis between COVID-19 
patients and individuals receiving COVID-19 vaccines: a popula-
tion-based study. Clin Res Cardiol. 2022. https:// doi. org/ 10. 1007/ 
s00392- 022- 02007-0.

 19. Lee S, Zhou J, Leung KSK, Wai AKC, Jeevaratnam K, King E, 
et al. Comparison of sodium-glucose cotransporter-2 inhibitor and 
dipeptidyl peptidase-4 inhibitor on the risks of new-onset atrial 
fibrillation, stroke and mortality in diabetic patients: a propen-
sity score-matched study in Hong Kong. Cardiovasc Drugs Ther. 
2023;37(3):561–9. https:// doi. org/ 10. 1007/ s10557- 022- 07319-x.

 20. Cheung KS, Chan EW, Wong AYS, Chen L, Wong ICK, Leung 
WK. Long-term proton pump inhibitors and risk of gastric 
cancer development after treatment for Helicobacter pylori: a 
population-based study. Gut. 2018;67(1):28–35. https:// doi. org/ 
10. 1136/ gutjnl- 2017- 314605.

 21. Diagnosis and classification of diabetes mellitus. Diabetes Care. 
2010;33 1(1):62–9. https:// doi. org/ 10. 2337/ dc10- S062.

 22. Charlson ME, Carrozzino D, Guidi J, Patierno C. Charlson 
comorbidity index: a critical review of clinimetric properties. 
Psychother Psychosom. 2022;91(1):8–35. https:// doi. org/ 10. 
1159/ 00052 1288.

 23. Soliman AR, Fathy A, Khashab S, Shaheen N. Comparison 
of abbreviated modification of diet in renal disease formula 
(aMDRD) and the Cockroft-Gault adjusted for body surface 
(aCG) equations in stable renal transplant patients and living kid-
ney donors. Ren Fail. 2013;35(1):94–7. https:// doi. org/ 10. 3109/ 
08860 22x. 2012. 731970.

 24. Wu M-Z, Chandramouli C, Wong P-F, Chan Y-H, Li H-L, Yu 
S-Y, et al. Risk of sepsis and pneumonia in patients initiated 
on SGLT2 inhibitors and DPP-4 inhibitors. Diabetes Metab. 
2022;48(6):101367. https:// doi. org/ 10. 1016/j. diabet. 2022. 101367.

 25. Pasternak B, Ueda P, Eliasson B, Svensson A-M, Franzén S, 
Gudbjörnsdottir S, et al. Use of sodium glucose cotransporter 2 

https://www3.ha.org.hk/data
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.7189/jogh.12.11014
https://doi.org/10.1016/j.diabres.2022.109866
https://doi.org/10.1016/j.diabres.2022.109866
https://doi.org/10.11622/smedj.2014174
https://doi.org/10.11622/smedj.2014174
https://doi.org/10.1046/j.1440-1746.1999.01823.x
https://doi.org/10.1046/j.1440-1746.1999.01823.x
https://doi.org/10.1016/j.ejphar.2020.173812
https://doi.org/10.1093/jnci/djy144
https://doi.org/10.1007/s00125-017-4370-8
https://doi.org/10.1007/s00125-017-4370-8
https://doi.org/10.1073/pnas.1511698112
https://doi.org/10.1073/pnas.1511698112
https://doi.org/10.1016/j.lfs.2019.117090
https://doi.org/10.4103/aam.aam_56_18
https://doi.org/10.1016/j.intimp.2022.109080
https://doi.org/10.1016/j.intimp.2022.109080
https://doi.org/10.1007/s12094-023-03187-5
https://doi.org/10.1177/11795514231213566
https://doi.org/10.1177/11795514231213566
https://www.ha.org.hk/visitor/ha_visitor_index.asp?Parent_ID=10004&Content_ID=10008&Ver=HTML
https://www.ha.org.hk/visitor/ha_visitor_index.asp?Parent_ID=10004&Content_ID=10008&Ver=HTML
https://www.ha.org.hk/visitor/ha_visitor_index.asp?Parent_ID=10004&Content_ID=10008&Ver=HTML
https://doi.org/10.1007/s00392-022-02007-0
https://doi.org/10.1007/s00392-022-02007-0
https://doi.org/10.1007/s10557-022-07319-x
https://doi.org/10.1136/gutjnl-2017-314605
https://doi.org/10.1136/gutjnl-2017-314605
https://doi.org/10.2337/dc10-S062
https://doi.org/10.1159/000521288
https://doi.org/10.1159/000521288
https://doi.org/10.3109/0886022x.2012.731970
https://doi.org/10.3109/0886022x.2012.731970
https://doi.org/10.1016/j.diabet.2022.101367


Comparative effectiveness of sodium‑glucose cotransporter‑2 inhibitors for new‑onset gastric…

inhibitors and risk of major cardiovascular events and heart fail-
ure: Scandinavian register based cohort study. bmj. 2019;366.

 26. Austin PC. An introduction to propensity score methods for reduc-
ing the effects of confounding in observational studies. Multivar 
Behav Res. 2011;46(3):399–424. https:// doi. org/ 10. 1080/ 00273 
171. 2011. 568786.

 27. Austin PC, Stuart EA. Moving towards best practice when using 
inverse probability of treatment weighting (IPTW) using the pro-
pensity score to estimate causal treatment effects in observational 
studies. Stat Med. 2015;34(28):3661–79. https:// doi. org/ 10. 1002/ 
sim. 6607.

 28. Avagyan V, Vansteelandt S. Stable inverse probability weighting 
estimation for longitudinal studies. Scand J Stat. 2021;48(3):1046–
67. https:// doi. org/ 10. 1111/ sjos. 12542.

 29. Morgan E, Arnold M, Camargo MC, Gini A, Kunzmann AT, 
Matsuda T, et al. The current and future incidence and mortality 
of gastric cancer in 185 countries, 2020–40: a population-based 
modelling study. EClinicalMedicine. 2022;47:101404.

 30. D’Andrea E, Wexler DJ, Kim SC, Paik JM, Alt E, Patorno E. 
Comparing effectiveness and safety of SGLT2 inhibitors vs DPP-4 
inhibitors in patients with type 2 diabetes and varying baseline 
hba1c levels. JAMA Intern Med. 2023;183(3):242–54.

 31. Zhou XL, Xue WH, Ding XF, Li LF, Dou MM, Zhang WJ, et al. 
Association between metformin and the risk of gastric cancer in 
patients with type 2 diabetes mellitus: a meta-analysis of cohort 
studies. Oncotarget. 2017;8(33):55622–31. https:// doi. org/ 10. 
18632/ oncot arget. 16973.

 32. Xu D, Chandler O, Wee C, Ho C, Affandi JS, Yang D, et al. 
Sodium-glucose cotransporter-2 inhibitor (SGLT2i) as a primary 
preventative agent in the healthy individual: a need of a future 
randomised clinical trial? Front Med (Lausanne). 2021. https:// 
doi. org/ 10. 3389/ fmed. 2021. 712671.

 33. Pelletier R, Ng K, Alkabbani W, Labib Y, Mourad N, Gamble 
JM. The association of sodium-glucose cotransporter 2 inhibi-
tors with cancer: an overview of quantitative systematic reviews. 
Endocrinol Diabetes Metab. 2020;3(3):e00145. https:// doi. org/ 10. 
1002/ edm2. 145.

 34. Zhao M, Chen J, Yuan Y, Zou Z, Lai X, Rahmani DM, et al. 
Dipeptidyl peptidase-4 inhibitors and cancer risk in patients 
with type 2 diabetes: a meta-analysis of randomized clini-
cal trials. Sci Rep. 2017;7(1):8273. https:// doi. org/ 10. 1038/ 
s41598- 017- 07921-2.

 35. Wang J, Kim CH. Malignancies associated with DPP4 inhibitors 
and GLP1 receptor agonists: data from a large real-world data-
base. Am Soc Clin Oncol; 2020.

 36. Wong CK, Man KK, Chan EW, Wu T, Emily T, Wong IC, et al. 
DPP4i, thiazolidinediones, or insulin and risks of cancer in 
patients with type 2 diabetes mellitus on metformin–sulfonylurea 
dual therapy with inadequate control. BMJ Open Diabetes Res 
Care. 2020;8(1):e001346.

 37. Shah C, Hong YR, Bishnoi R, Ali A, Skelton WPt, Dang LH, et al. 
Impact of DPP4 inhibitors in survival of patients with prostate, 
pancreas, and breast cancer. Front Oncol. 2020;10:405. https:// 
doi. org/ 10. 3389/ fonc. 2020. 00405.

 38. Iwaya C, Nomiyama T, Komatsu S, Kawanami T, Tsutsumi Y, 
Hamaguchi Y, et al. Exendin-4, a glucagonlike peptide-1 recep-
tor agonist, attenuates breast cancer growth by inhibiting NF-κ B 
activation. Endocrinology. 2017;158(12):4218–32.

 39. Nomiyama T, Kawanami T, Irie S, Hamaguchi Y, Terawaki Y, 
Murase K, et al. Exendin-4, a GLP-1 receptor agonist, attenuates 
prostate cancer growth. Diabetes. 2014;63(11):3891–905. https:// 
doi. org/ 10. 2337/ db13- 1169.

 40. Mao D, Cao H, Shi M, Wang CC, Kwong J, Li JJX, et al. Increased 
co-expression of PSMA2 and GLP-1 receptor in cervical cancer 
models in type 2 diabetes attenuated by Exendin-4: a translational 

case-control study. EBioMedicine. 2021;65:103242. https:// doi. 
org/ 10. 1016/j. ebiom. 2021. 103242.

 41. Xie X, Ren K, Zhou Z, Dang C, Zhang H. The global, regional 
and national burden of peptic ulcer disease from 1990 to 2019: 
a population-based study. BMC Gastroenterol. 2022;22(1):58. 
https:// doi. org/ 10. 1186/ s12876- 022- 02130-2.

 42. Salama RM, Ahmed RH, Farid AA, AbdElSattar BA, AbdelBa-
set RM, Youssef ME, et al. Gastroprotective effect of dapagliflo-
zin in ethanol-induced gastric lesions in rats: crosstalk between 
HMGB1/RAGE/PTX3 and TLR4/MyD88/VEGF/PDGF signaling 
pathways. Int Immunopharmacol. 2023;115:109686. https:// doi. 
org/ 10. 1016/j. intimp. 2023. 109686.

 43. Fujiwara K, Inoue T, Yorifuji N, Iguchi M, Sakanaka T, Nara-
bayashi K, et  al. Combined treatment with dipeptidyl pepti-
dase 4 (DPP4) inhibitor sitagliptin and elemental diets reduced 
indomethacin-induced intestinal injury in rats via the increase of 
mucosal glucagon-like peptide-2 concentration. J Clin Biochem 
Nutr. 2015;56(2):155–62. https:// doi. org/ 10. 3164/ jcbn. 14- 111.

 44. Wang YW, Lin JH, Yang CS. Meta-analysis of the association 
between new hypoglycemic agents and digestive diseases. Medi-
cine (Baltimore). 2022;101(34):e30072. https:// doi. org/ 10. 1097/ 
md. 00000 00000 030072.

 45. Liu L, Chen J, Wang L, Chen C, Chen L. Association between dif-
ferent GLP-1 receptor agonists and gastrointestinal adverse reac-
tions: a real-world disproportionality study based on FDA adverse 
event reporting system database. Front Endocrinol (Lausanne). 
2022;13:1043789. https:// doi. org/ 10. 3389/ fendo. 2022. 10437 89.

 46. Taskaldiran I, Kuskonmaz SM, Celepli P, Hucumenoglu S, Nural 
C, Erel Ö, et al. Effects of empagliflozin against indomethacin 
induced gastric mucosa. Minerva Endocrinol (Torino). 2021. 
https:// doi. org/ 10. 23736/ s2724- 6507. 21. 03425-4.

 47. Sun X-M, Tan J-C, Zhu Y, Lin L. Association between diabetes 
mellitus and gastroesophageal reflux disease: a meta-analysis. 
World J Gastroenterol WJG. 2015;21(10):3085.

 48. Chang P, Friedenberg F. Obesity and GERD. Gastroenterol Clin 
North Am. 2014;43(1):161–73. https:// doi. org/ 10. 1016/j. gtc. 2013. 
11. 009.

 49. Singh M, Lee J, Gupta N, Gaddam S, Smith BK, Wani SB, et al. 
Weight loss can lead to resolution of gastroesophageal reflux dis-
ease symptoms: a prospective intervention trial. Obesity (Silver 
Spring). 2013;21(2):284–90. https:// doi. org/ 10. 1002/ oby. 20279.

 50. Ho KY. Gastroesophageal reflux disease is uncommon in Asia: 
evidence and possible explanations. World J Gastroenterol. 
1999;5(1):4–6. https:// doi. org/ 10. 3748/ wjg. v5. i1.4.

 51. Noguchi Y, Katsuno H, Ueno A, Otsubo M, Yoshida A, Kane-
matsu Y, et al. Signals of gastroesophageal reflux disease caused 
by incretin-based drugs: a disproportionality analysis using the 
Japanese adverse drug event report database. J Pharm Health Care 
Sci. 2018;4:15. https:// doi. org/ 10. 1186/ s40780- 018- 0109-z.

 52. Quast DR, Schenker N, Menge BA, Nauck MA, Kapitza C, Meier 
JJ. Effects of lixisenatide versus liraglutide (Short- and Long-Act-
ing GLP-1 Receptor Agonists) on esophageal and gastric function 
in patients with type 2 diabetes. Diabetes Care. 2020;43(9):2137–
45. https:// doi. org/ 10. 2337/ dc20- 0720.

 53. McGuire DK, Shih WJ, Cosentino F, Charbonnel B, Cherney DZI, 
Dagogo-Jack S, et al. Association of SGLT2 inhibitors with car-
diovascular and kidney outcomes in patients with type 2 diabetes: 
a meta-analysis. JAMA Cardiol. 2021;6(2):148–58. https:// doi. 
org/ 10. 1001/ jamac ardio. 2020. 4511.

 54. Yoon JM, Son KY, Eom CS, Durrance D, Park SM. Pre-existing 
diabetes mellitus increases the risk of gastric cancer: a meta-anal-
ysis. World J Gastroenterol WJG. 2013;19(6):936.

 55. Tian T, Zhang L, Ma X, Zhou J, Shen J. Diabetes mellitus and 
incidence and mortality of gastric cancer: a meta-analysis. Exp 
Clin Endocrinol Diabetes. 2011:217–23.

https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.1080/00273171.2011.568786
https://doi.org/10.1002/sim.6607
https://doi.org/10.1002/sim.6607
https://doi.org/10.1111/sjos.12542
https://doi.org/10.18632/oncotarget.16973
https://doi.org/10.18632/oncotarget.16973
https://doi.org/10.3389/fmed.2021.712671
https://doi.org/10.3389/fmed.2021.712671
https://doi.org/10.1002/edm2.145
https://doi.org/10.1002/edm2.145
https://doi.org/10.1038/s41598-017-07921-2
https://doi.org/10.1038/s41598-017-07921-2
https://doi.org/10.3389/fonc.2020.00405
https://doi.org/10.3389/fonc.2020.00405
https://doi.org/10.2337/db13-1169
https://doi.org/10.2337/db13-1169
https://doi.org/10.1016/j.ebiom.2021.103242
https://doi.org/10.1016/j.ebiom.2021.103242
https://doi.org/10.1186/s12876-022-02130-2
https://doi.org/10.1016/j.intimp.2023.109686
https://doi.org/10.1016/j.intimp.2023.109686
https://doi.org/10.3164/jcbn.14-111
https://doi.org/10.1097/md.0000000000030072
https://doi.org/10.1097/md.0000000000030072
https://doi.org/10.3389/fendo.2022.1043789
https://doi.org/10.23736/s2724-6507.21.03425-4
https://doi.org/10.1016/j.gtc.2013.11.009
https://doi.org/10.1016/j.gtc.2013.11.009
https://doi.org/10.1002/oby.20279
https://doi.org/10.3748/wjg.v5.i1.4
https://doi.org/10.1186/s40780-018-0109-z
https://doi.org/10.2337/dc20-0720
https://doi.org/10.1001/jamacardio.2020.4511
https://doi.org/10.1001/jamacardio.2020.4511


 O. H. I. Chou et al.

 56. Zhuo M, D’Andrea E, Paik JM, Wexler DJ, Everett BM, Glynn 
RJ, et al. Association of sodium-glucose cotransporter-2 inhibitors 
with incident atrial fibrillation in older adults with type 2 diabetes. 
JAMA Netw Open. 2022;5(10):2235995.

 57. Martens EP, de Boer A, Pestman WR, Belitser SV, Stricker BHC, 
Klungel OH. Comparing treatment effects after adjustment with 
multivariable Cox proportional hazards regression and propensity 
score methods. Pharmacoepidemiol Drug Saf. 2008;17(1):1–8.

 58. Holford TR, White C, Kelsey JL. Multivariate analysis for matched 
case-control studies1. Am J Epidemiol. 1978;107(3):245–56. 
https:// doi. org/ 10. 1093/ oxfor djour nals. aje. a1125 31.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1093/oxfordjournals.aje.a112531

	Comparative effectiveness of sodium-glucose cotransporter-2 inhibitors for new-onset gastric cancer and gastric diseases in patients with type 2 diabetes mellitus: a population-based cohort study
	Abstract
	Objective 
	Design 
	Results 
	Conclusions 
	Graphical abstract

	Introduction
	Methods
	Study population
	Input variables
	Outcome of the study
	Statistical analysis

	Results
	Basic characteristics
	Association between SGLT2I and DPP4I and gastric cancer
	Association between SGLT2I and DPP4I and gastric diseases
	Mortality outcomes
	Three-arm comparison between SGLT2I, DPP4I and GLP1a
	Sensitivity analysis
	Falsification analysis

	Discussion
	Comparison with previous studies – gastric cancer
	Comparison with previous studies—gastric diseases
	Clinical implications
	Strengths and limitations

	Conclusions
	Acknowledgements 
	References


