
Lin et al. Diabetology & Metabolic Syndrome          (2023) 15:170  
https://doi.org/10.1186/s13098-023-01143-5

RESEARCH ARTICLE Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, 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:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Diabetology &
Metabolic Syndrome

The association between SGLT2 inhibitors 
and new-onset acute coronary syndrome 
in the elderly: a population-based longitudinal 
cohort study
Tsung‑Kun Lin1,2†, Mei‑Chun Lee3,4, Yu‑Han Cheng5, Timothy Ma6, Mei‑Chun Chen1,2†, Tsung‑Yuan Yang7,8* and 
Gwo‑Ping Jong7,8* 

Abstract 

Background Several observational cohorts and meta‑analytical studies on humans have shown that users 
of sodium‑glucose cotransporter‑2 inhibitors (SGLT2is) have a lower risk for new‑onset acute coronary syndrome 
(ACS) than nonusers. However, some studies, including randomized clinical trials, reported the opposite results. This 
study aimed to investigate the impacts of a SGLT2i on new‑onset ACS in a population.

Methods We conducted a retrospective population‑based cohort study involving 56,356 subjects who received 
SGLT2i therapy and 112,712 patients who did not receive SGLT2i therapy between May 1, 2016 and December 31, 
2019. The outcome was the risk of new‑onset ACS. Multivariable Cox proportional hazards models were used to calcu‑
late hazard ratios (HRs) and 95% confidence intervals for associations between SGLT2i use and ACS risk.

Results A total of 670 and 1408 ACS events occurred in SGLT2i users and nonusers, respectively, during a follow‑up 
of 3.7 years. SGLT2i use was associated with a nonsignificantly lower risk of ACS (adjusted HR 0.95, 95%confidence 
intervals (CI 0.87–1.04, P = 0.3218). We confirmed the robustness of these results through a propensity score 1:1 
matching analysis. The results of the subgroup analysis of the subtype of the SGLT2i treatments were consist‑
ent with the main findings. An increased risk for the incidence of ACS in male and older (> 70 years) patients were 
also found.

Conclusions In this population‑based cohort study, we found that SGLT2i use is associated with a nonsignificantly 
decreased risk of ACS. No difference in the SGLT2i subtype was observed in subgroup analyses. However, the results 
of this study indicated an increased risk for the incidence of ACS in male and older (> 70 years) patients.
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Introduction
Type 2 diabetes (T2D) and acute coronary syndrome 
(ACS) are associated with significant morbidity and 
mortality despite advances in their clinical management 
[1, 2]. The prevalence and incidence of T2D and ACS 
remains high and have imposed considerable health bur-
den worldwide [3]. Patients with T2D and ACS are prone 
to developing sudden cardiac death, which contrib-
utes to carbonyl stress, polyol pathway, oxidative stress, 
hexosamine pathways, diacylglycerol/protein kinase-C 
activation, and structural remodeling as well as insulin 
resistance and glycemic fluctuations [4]. The primary 
and secondary prevention of ACS in patients with T2D 
through aggressive pharmacologic and nonpharmoco-
logic management has been proposed as the most effec-
tive way to reduce the incidence, severity, and long-term 
complications of ACS [5, 6].

When used as an antidiabetic drug, sodium-glucose 
cotransporter-2 inhibitors (SGLT2is) have been proven 
to have a cardiovascular protective effect in reducing 
major cardiovascular events and heart failure and to have 
greater benefits in patients with established atheroscle-
rotic cardiovascular diseases [7, 8]. Clinical trials have 
also shown that SGLT2is reduced cardiovascular death 
or urgent heart failure visit regardless of diabetes status 
[9, 10]. However, the association between SGLT2i use 
and ACS risk in patients with T2D remains inconsistent 
in real-world practice [11–13]. The purpose of the pre-
sent study is to evaluate the risk for ACS associated with 
the prescription of SGLT2is in a population-based cohort 
study of T2D in Taiwan.

Methods
Study design and population
In this retrospective cohort study, patient data were 
obtained from the National Health Insurance (NHI) pro-
gram, which is a compulsory universal health insurance 
program in Taiwan and covers approximately 99% of Tai-
wanese residents [14]. The NHI database stores informa-
tion, including claim forms, and contains patient sex; age; 
three diagnostic codes; medical expenditures; and pre-
scriptions, such as drug quantity and expenditure, drug 
dose, operations, and treatments. All personal informa-
tion was encrypted and deidentified to preserve patient 
privacy.

This study was approved by the Ethics Committee of 
the Tri-Service General Hospital (B-202205007). Writ-
ten consent was not obtained from the study participants 
because only deidentified data were obtained from the 
Longitudinal Health Insurance Database, and a waiver of 
patient consent was provided by the Ethics Committee 
for this study.

Data collection and definitions
This study extracted data from the NHI program in 
Taiwan from January 2010 to December 2019 by using 
newly diagnosed type 2 DM codes based on the Inter-
national Classification of Diseases (ICD), ninth revi-
sion, Clinical Modification (CM) (ICD-9-CM) and ICD, 
tenth revision, CM (ICD-10-CM). Newly diagnosed 
T2D was defined as the first time that a T2D code 
was available in outpatient or inpatient claim records 
between January 2010 and December 2019.

This study included adults (aged ≥ 65 years) with T2D 
ICD-9-CM code 250 or ICD-10-CM code E11 who 
were treated with the maximum tolerated labeled dose 
of a SGLT2i for more than 180 days. The patients were 
identified as inpatients or outpatients between May 
2016 and December 2019.

The participants had to meet at least one of the fol-
lowing criteria: (1) had two or more outpatient visits 
within 6 months, (2) continuously received antidiabetic 
medication for more than 6  months during the study 
period, or (3) had one or more inpatient admissions 
with a diagnosis of T2D. Comorbidities related to ACS 
were recorded in accordance with the ICD-10-CM code 
and included coronary heart disease (ICD-10-CM code 
I20–I25), hypertension (ICD-10-CM code I10), hyper-
lipidemia (ICD-9-CM code E78.1–E78.5), chronic liver 
disease (ICD-10-CM codes K71, K75, and K76), chronic 
obstructive pulmonary disease (ICD-10-CM code J44), 
atrial fibrillation and flutter (ICD-10-CM code I48), and 
rheumatoid arthritis (ICD-9-CM code M05). Exclusion 
criteria included (1) a prior history of ACS before May 
2016, (2) follow-up period of less than 6  months, and 
(3) age less than 65 years. The SGLT2i and non-SGLT2i 
groups were matched for age, sex, and T2D duration at 
a ratio of 1:2. The final study sample comprised 56,356 
SGLT2i users and 112,712 non-SGLT2i users (Fig.  1). 
Sensitivity analysis using propensity score matching 
was also performed with a matching ratio of 1:1 (Fig. 1).

Variables and outcomes
Patient demographic characteristics were assessed on 
the index date. Demographic variables included gen-
der, age, diabetes duration, comorbidities, concurrent 
medication, and SGLT2i type. Comorbidities closest 
to the index date within 7  days and medication use 
were assessed during a 180-day baseline period. The 
study endpoint was new-onset ACS, defined as the first 
occurrence of an ACS code (ICD-10-CM codes I60, I61, 
I62, I63, I65, I66, I67.84, G45, and G46) in inpatient or 
outpatient claim records during follow-up.
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Statistical analyses
Baseline demographic/clinical characteristics were com-
pared between the two study groups. Student’s t-test and 
chi-square test were used to evaluate the distribution 
of continuous and categorical variables for a matched 
cohort. Standardized mean difference ≤ 0.10 indicates a 
negligible difference in potential confounders between 
the two cohorts. In both cohorts, the incidence rates of 
suicide were calculated as per 10,000 person-months. 

The crude hazard ratios (HRs) and 95% confidence inter-
vals (CIs) of new-onset ACS were estimated by using 
Cox proportional hazard regression. Multivariable mod-
els were further adjusted for important risk factors for 
developing ACS, including comorbidities and concurrent 
medication. The risk of ACS over time for the SGLT2i 
group compared with that for the non-SGLT2i group was 
determined through survival analysis with the Kaplan–
Meier method. Because of the observed differences in 

Excluded

1. ACS before index date, n= 34,820

2. Follow up < 6 months, n= 1,223

SGLT2 inhibitor users,

n= 56,356

SGLT2 inhibitor users,

n=92,399

SGLT2 inhibitor non-users, 

n=932,180

SGLT2 inhibitor non-users,
n=112,712

Elderly patients (age > 65 years) who were new-onset type 2 diabetes from 

January 2010 to December 2019, n=1,024,579

SGLT2 inhibitor users,
n= 53,200

SGLT2 inhibitor non-users, 
n=53,200

1:2 age, sex, and index 

date matched

1:1 propensity score 

matched

Fig. 1 Flowchart of study population
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baseline characteristics existed, the propensity score 
matching was performed with a matching ratio of 1:1 to 
balance baseline covariates between two groups for sen-
sitivity analysis. Subgroup analyses stratified by SGLT2i 
type was performed on the outcomes. Statistical signifi-
cance was defined at P-value < 0.05. All statistical analy-
ses were performed by using SAS 9.4 (SAS Institute Inc., 
Cary, North Carolina, USA).

Results
Baseline characteristics
After 1:2 age, sex, and index date matching, we found 
56,356 patients on a SGLT2i and 112,712 patients not 
on a SGLT2i. The baseline characteristics of all patients 
in the SGLT2i and non-SGLT2i groups are presented 
in Table  1. In each group, the majority of patients had 
a T2D duration of 3–4 years (59.76% versus 61.19%). In 
both groups, most subjects were females (53.51%) and 
65–69 years of age (48.00%). In both groups, the mean age 
was 71.4 ± 5.8  years. Compared with non-SGLT2i users, 
SGLT2i users had a higher proportion of comorbidities 
with hypertension, hyperlipidemia, chronic kidney dis-
ease, and atrial fibrillation and flutter. SGLT2i users had 
lower rates of comorbidities with chronic liver disease, 
cancer, chronic obstructive pulmonary disease, rheuma-
toid arthritis, and stroke than non-SGLT2i users. The 
proportion of patients receiving a corticosteroid, aspirin, 
statin, biguanide, sulfonylurea, alpha glucosidase inhibi-
tor, thiazolidinedione, insulin, and glucagon-like pep-
tide-1 agonist was higher in those under SGLT2i therapy 
than in those not under SGLT2i therapy. The proportion 
of prescription with a nonsteroidal anti-inflammatory 
drug, H2 blocker, and dipeptidyl peptidase-4 inhibitor 
was lower in patients under SGLT2i treatment that in 
those not under SGLT2i treatment.

ACS during follow‑up
The follow-up periods were 1,180,118 person-months 
in the SGLT2i group and 2,325,847 person-months in 
the non-SGLT2i group. The patients with SGLT2i treat-
ment had lower incidence rates of ACS than the patients 
not receiving SGLT2i treatment (5.68 versus 6.05 per 
10,000 person-months). The SGLT2i group showed a 
nonsignificant association with a lower risk of ACS (HR 
0.94, 95% CI 0.86–1.03, P = 0.1763) (Table 2). The result 
obtained after multiple Cox proportional hazards model 
analysis was consistent with the above finding (HR 0.95, 
95% CI 0.87–1.04, P = 0.3218). Kaplan–Meier analy-
sis also demonstrated that the cumulative probability of 
ACS was nonsignificantly lower in patients with SGLT2i 
(P = 0.1744) (Fig. 2A).

Sensitivity and subgroup analysis
We performed sensitivity analysis on participants with 
a propensity score 1:1 matching analysis. The asso-
ciation between SGLT2i use and ACS incidence did not 
change when compared with the main results (aHR: 0.96, 
95% CI 0.86–1.07, Table  2; or Fig.  2B). The subtype of 
SGLT2i was analyzed to compare the HRs (95% CIs) of 
study outcomes between the SGLT2i group and the non-
SGLT2i group (Table  3). The result was also consistent 
with the findings of the main analyses (dapagliflozin aHR: 
0.99, 95% CI 0.89–1.12; canagliflozin aHR: 0.58, 95% CI 
0.19–1.82; empagliflozin aHR: 0.91, 95% CI 0.80–1.03 
in Table  3). However, among SGLT2i users, males were 
at significantly higher risk for ACS than females (aHR: 
1.47; 95% CI 1.34–1.60). Moreover, female patients in the 
SGLT2i user group had a significant lower risk of new-
onset ACS compared to those in the SGLT2i nonuser 
group (aHR: 0.88, 95% CI 0.78–1.00; P = 0.0495). Fur-
thermore, compared with younger patients (aged 65–69), 
elderly patients (aged > 70) exhibited a significantly 
higher risk for ACS (70–79 vs. 65–69  years, aHR: 1.33, 
95% CI 1.21–1.47; > 80 vs. 65–69 years, aHR: 1.89, 95% CI 
1.66–2.15 in Table 3).

Discussion
In this population-based cohort study, we observed that 
patients taking SGLT2i had a nonsignificant lower risk 
for ACS than non-SGLT2i users. Sensitivity and Kaplan–
Meier analyses also demonstrated a nonsignificantly 
lower risk for ACS in the patients in the SGLT2i group. 
No difference in SGLT2i subtype was observed in sub-
group analyses. However, the results of this study indi-
cated an increased risk for the incidence of ACS in male 
and older (> 70 years) patients.

SGLT2is are approved for lowering glucose in patients 
with T2D and reducing cardiovascular events [15]. 
The mechanism of action of SGLT2i is to promote glu-
cose excretion in urine by blocking glucose and sodium 
reuptake in the early proximal renal tubule and thereby 
increasing glycosuria and natriuresis [16, 17]. In a ran-
domized control trial on patients with T2D, Kosiborod 
et  al. compared SGLT2i and other glucose-lowering 
drugs and found a significant reduction in hospitalization 
due to heart failure, the incidence of myocardial infarc-
tion, and all-cause mortality [18]. Another randomized 
control trial by Zinman et  al. discovered that using the 
drug empagliflozin lowered the risk of death from car-
diovascular causes, nonfatal MI, or nonfatal stroke in 
comparison with the use of a placebo [7]. However, no 
randomized control trial showing that SGLT2i could 
significantly reduce the risk for the incidence of ACS in 
patients with T2D has been conducted. In the present 
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cohort study, we observed that taking SGLT2i had a 
potential protective effect against new-onset ACS. Till 
now, little data are available regarding therapeutic strat-
egies to reduce the incidence of ACS in these patients 
with T2D and use SGLT2i. The mechanisms involved in 
SGLT2i administration and ACS remain unknown.

Our study found a gender difference in the incidence of 
ACS in patients with T2D between the SGLT2i and non-
SGLT2i users in our study. Similarly, previous studies 
have demonstrated gender differences in SGLT2i treat-
ment across a variety of study populations [19–21]. Wang 
et al. evaluated 11,007 patients with type 2 DM, of whom 

Table 1 Baseline characteristics of all patients

SGLT2i Sodium-glucose cotransporter-2 inhibitor, COPD chronic obstructive pulmonary disease, DM Diabetes Mellitus, GLP-1 Glucagon-like peptide-1, DPP4 Dipeptidyl 
peptidase-4, NSAID Non-steroidal anti-inflammatory drug, PPI Proton-pump inhibitor, ASD: absolute standardized difference, PS propensity score, PS propensity score

2:1 sex, age, and index date matching PS matching

Non‑SGLT2i SGLT2i ASD P value Non‑SGLT2i SGLT2i ASD P value

N 112712 56356 53200 53200

Type 2 DM history 0.0222  < 0.0001 0.0387 0.0036

  <  = 2 years 10527 (9.34%) 4885 (8.67%) 4406 (8.28%) 4701 (8.84%)

 3–4 years 68969 (61.19%) 33677 (59.76%) 31845 (59.86%) 31784 (59.74%)

  >  = 5 years 33216 (29.47%) 17794 (31.57%) 16949 (31.86%) 16715 (31.42%)

Sex 0.0000 1.000 0.0122 0.0463

 Female 60308 (53.51%) 30154 (53.51%) 28836 (54.20%) 28512 (53.59%)

 Male 52404 (46.49%) 26202 (46.49%) 24364 (45.80%) 24688 (46.41%)

Age 0.0000 1.000 0.0346 0.5766

 65–69 54106 (48.00%) 27053 (48.00%) 25584 (48.09%) 25559 (48.04%)

 70–79 46784 (41.51%) 23392 (41.51%) 21976 (41.31%) 22094 (41.53%)

 80 up 11822 (10.49%) 5911 (10.49%) 5640 (10.60%) 5547 (10.43%)

 Mean ± SD 71.43 ± 5.75 71.43 ± 5.75 71.42 ± 5.72 71.43 ± 5.75

Comorbidities

 Hypertension 71523 (63.46%) 37189 (65.99%) 0.0530  < 0.0001 35631 (66.98%) 34986 (65.76%) 0.0257  < 0.0001

 Hyperlipidemia 59503 (52.79%) 33545 (59.52%) 0.1360  < 0.0001 31906 (59.97%) 31311 (58.86%) 0.0228 0.0002

 Chronic kidney disease 31434 (27.89%) 16886 (29.96%) 0.0458  < 0.0001 16039 (30.15%) 15781 (29.66%) 0.0106 0.0841

 Chronic liver disease 9463 (8.40%) 4647 (8.25%) 0.0054 0.2933 4308 (8.10%) 4388 (8.25%) 0.0055 0.3707

 Cancer 8655 (7.68%) 3651 (6.48%) 0.0468  < 0.0001 3357 (6.31%) 3523 (6.62%) 0.0127 0.0385

 COPD 5694 (5.05%) 2466 (4.38%) 0.0319  < 0.0001 2254 (4.24%) 2364 (4.44%) 0.0102 0.0979

 Atrial fibrillation and flutter 1976 (1.75%) 1248 (2.21%) 0.0331  < 0.0001 1148 (2.16%) 1147 (2.16%) 0.0001 0.9832

 Rheumatoid Arthritis 1012 (0.90%) 382 (0.68%) 0.0249  < 0.0001 335 (0.63%) 371 (0.70%) 0.0083 0.1740

 Stroke 8864 (7.86%) 4068 (7.22%) 0.0245  < 0.0001 3736 (7.02%) 3923 (7.37%) 0.0136 0.0266

Medication

 NSAIDs 63911 (56.70%) 31616 (56.10%) 0.0122 0.0185 29889 (56.18%) 29885 (56.17%) 0.0002 0.9803

 Corticosteroids 20924 (18.56%) 10060 (17.85%) 0.0185 0.0004 9334 (17.55%) 9550 (17.95%) 0.0106 0.0831

 PPI 7949 (7.05%) 3890 (6.90%) 0.0059 0.2548 3462 (6.51%) 3661 (6.88%) 0.0150 0.0147

 H2 receptor antagonist 31112 (27.60%) 14764 (26.20%) 0.0317  < 0.0001 13890 (26.11%) 14068 (26.44%) 0.0076 0.2150

 Aspirin 29056 (25.78%) 17682 (31.38%) 0.1241  < 0.0001 16292 (30.62%) 16217 (30.48%) 0.0031 0.6177

 Statin 62219 (55.20%) 39702 (70.45%) 0.3195  < 0.0001 37187 (69.90%) 36688 (68.96%) 0.0204 0.0009

 Biguanides 56490 (50.12%) 31500 (55.89%) 0.1159  < 0.0001 28410 (53.40%) 29253 (54.99%) 0.0318  < .0001

 Sulfonylureas 40100 (35.58%) 22165 (39.33%) 0.0776  < 0.0001 21082 (39.63%) 20618 (38.76%) 0.0179 0.0036

 Alpha glucosidase inhibitors 12020 (10.66%) 10003 (17.75%) 0.2040  < 0.0001 8564 (16.10%) 8478 (15.94%) 0.0044 0.4722

 Thiazolidinediones 11,219 (9.95%) 9053 (16.06%) 0.1824  < 0.0001 7887 (14.83%) 7943 (14.93%) 0.0030 0.6295

 DPP4 27889 (24.74%) 8422 (14.94%) 0.2476  < 0.0001 8650 (16.26%) 8354 (15.70%) 0.0152 0.0137

 Insulin 14052 (12.47%) 11579 (20.55%) 0.2189  < 0.0001 9561 (17.97%) 9797 (18.42%) 0.0115 0.0607

 GLP‑1 621 (0.55%) 746 (1.32%) 0.0803  < 0.0001 538 (1.01%) 580 (1.09%) 0.0077 0.2067

SGLT2i subtype – –

 Dapagliflozin 0 (0%) 30225 (53.63%) 0 (0%) 28604 (53.77%)

 Canagliflozin 0 (0%) 1056 (1.87%) 0 (0%) 1006 (1.89%)

 Empagliflozin 0 (0%) 25075 (44.49%) 0 (0%) 23590 (44.34%)
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3856 (35%) were women. After adjusting for baseline dif-
ferences, they found that women were less likely than 
men to experience total cardiovascular events (aHR 0.77, 
95% CI 0.71–0.84) [21]. However, Rådholm et al. enrolled 
patients from the EMPA-REG OUTCOME, CANVAS 
Program, DECLARE TIMI-58, and CREDENCE trials 
and found no gender differences in the risk for major 
adverse cardiovascular events between SGLT2i users and 
nonusers [22]. T2D confers a differential risk for cardio-
vascular disease according to gender. To date, no con-
sensus has been reached regarding the gender-related 
difference in the incidence of ACS between patients with 
T2D with or without SGLT2i use. Further randomized 
trials are needed to explore the gender-related difference 
between SGLT2i prescription and ACS incidence.

In most other clinical trials, old age was clearly a risk 
factor for developing ACS [23]. In the present study, 
SGLT2i use resulted in a significantly deleterious effect 
against the incidence of ACS in users aged > 70  years 
relative to in users aged 65–70  years. The age-related 
differences in SGLT2i use can be attributed to differ-
ences in longevity, survival bias, and comorbidities (e.g., 
DM, hypertension, and chronic obstructive lung disease) 
between older and young patients [24, 25]. Another rea-
son is that the elderly are less likely to report having been 
offered SGLT2i therapy and more likely to decline com-
pliance when offered [26]. Further comprehensive clini-
cal research is warranted to elucidate the mechanisms 
underlying this association.

Consistent with the results reported in previous litera-
ture, our findings showed no significant difference in the 
risk of developing ACS among patients taking dapagliflo-
zin, canagliflozin, and empagliflozin [11, 27]. Suzuki et al. 
evaluated 25,315 patients and found that the risks for the 
subsequent development of MI were comparable among 
dapagliflozin, canagliflozin, and empagliflozin [27]. How-
ever, an analysis of a retrospective cohort showed that 

dapagliflozin might have a more favorable effect on car-
diovascular outcomes than empagliflozin [28]. Another 
study also reported that canagliflozin and empagliflo-
zin were most effective for the prevention of heart fail-
ure hospitalization than other SGLT2is [29]. Therefore, 
whether the risk of ACS differs among individual SGLT2i 
is uncertain.

Strengthens and limitations
The strengthens of our study included a population-
based nature large sample size, and in real-world data. 
However, our study also has are several limitations. First, 
the retrospective data-based secondary analysis.

has certain inherent limitations in this study. Second, 
the laboratory data such as fasting blood sugar levels, 
hemoglobin A1c levels, liver function, and some imag-
ing findings important factors related to ACS preven-
tion such as smoking, BMI, family history, diet habits and 
data were not available from these NHI data. However, 
because the data we used were population-based data, we 
assumed that there were no differences among the two 
groups. Third, other residual confounding factors, such 
as genetics, physical activity or dietary factors, are also 
not included in the NHI data. However, our results are 
consistent with those of previous validation studies [19, 
20]. Fourth, Three types of SGLT2i (Empagliflozin, Dapa-
gliflozin, and Canagliflozin) were launched since May 
2016 and used till the end of the study (December 31, 
2019). Follow-up is still relatively short, and it is possible 
that effects of SGLT2i user may take much longer than 
3.7 years to become statistical significance.

Conclusion
Patients with T2D taking SGLT2is are associated with 
a nonsignificantly decreased risk of ACS compared 
with those without SGLT2is prescription in real-world 
practice. No difference in SGLT2is subtype was also 

Table 2 Incidence rate of acute coronary syndrome in study groups

SGLT2i Sodium-glucose cotransporter-2 inhibitor
a Incidence rate, per 10,000 person-months
b  adjusted hazard ratio, the covariates including year of index, sex, age, co-morbidities, and medication at baseline

PS: propensity score

2: 1 sex, age, and index date matching P value PS matching P value

Non‑ SGLT2i SGLT2i Non‑ SGLT2i SGLT2i

N 112712 56356 53200 53200

Follow up person months 2325847 1180118 1099285 1111867

New case 1408 670 646 624

Incidence  ratea(95% C.I.) 6.05(5.75–6.38) 5.68(5.26–6.12) 5.88(5.44–6.35) 5.61(5.19–6.07)

Crude Relative risk (95% C.I.) Reference 0.94(0.86–1.03) 0.1763 Reference 0.96(0.86–1.07) 0.4110

Adjusted  HRa (95% C.I.)b Reference 0.95(0.87–1.05) 0.3218 Reference 0.96(0.86–1.07) 0.4111
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Fig. 2 A Cumulative risk curve of new‑onset ACS for the study cohorts treated with SGLT2 inhibitors versus non‑SGLT2 inhibitors user. B Cumulative 
risk curve of new‑onset ACS for the study cohorts under propensity score matching treated with SGLT2 inhibitors versus non‑SGLT2 inhibitors users
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observed in this study. However, a gender-related dif-
ference in the incidence of ACS between patients with 
T2D with or without SGLT2i use. Further comprehen-
sive clinical research may be needed to explore the 
gender-related difference between SGLT2i prescription 
and ACS incidence.
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