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Abstract

Objectives: Sodium-glucose cotransporter 2 inhibitors (SGLT2i) reduce heart failure (HF) in 

at-risk patients and may possess antitumor effects. We examined the effect of SGLT2i on HF and 

mortality among patients with cancer and diabetes.

Methods: This was a retrospective propensity score-matched cohort study involving adult 

patients with type 2 diabetes mellitus diagnosed with cancer between January 2010 and December 

2021. The primary outcomes were hospitalization for incident HF and all-cause mortality. The 

secondary outcomes were serious adverse events associated with SGLT2i.

Results: From a total of 8640 patients, 878 SGLT2i-recipients were matched to non-recipients. 

During a median follow-up of 18.8 months, SGLT2i recipients had a 3-fold lower rate of 

hospitalization for incident HF compared with non-SGLT2i recipients (2.92 vs. 8.95 per 1000 

patient-years, p=0.018). In Cox regression and competing regression models, SGLT2i were 

associated with a 72% reduction in the risk for hospitalization for HF (HR, 0.28 [95% CI: 0.11–

0.77], p=0.013; SHR, 0.32 [95% CI: 0.12–0.84], p=0.021). The use of SGLT2i was also associated 

with a higher overall survival (85.3% vs. 63.0% at 2 years, p<0.001). The risk of serious adverse 

events such as hypoglycemia and sepsis was similar between the two groups.

Conclusions: The use of SGLT2i was associated with a lower rate of incident HF and prolonged 

overall survival in cancer patients with diabetes mellitus.
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Introduction

Survival with cancer has dramatically improved over time (1). This has led to a 

renewed focus on minimizing non-cancer-related sources of morbidity and mortality (2, 

3). Consistent data have shown increased rates of cardiovascular disease among cancer 

survivors (4, 5). The presence of cancer itself and several standard cancer treatment 

approaches has been associated with an increased risk of heart failure (6–10). The 

development of heart failure has a detrimental effect on the prognosis of cancer (11, 12). 

Therefore, there is an important need to reduce heart failure and improve outcomes among 

patients with cancer.

Sodium-glucose cotransporter 2 inhibitors (SGLT2i) are novel cardiovascular therapies that 

lead to a 30–35% reduction in the risk of heart failure hospitalization among those with and 

without diabetes mellitus (13–18). Importantly, these cardiovascular benefits were observed 

in patients regardless of existing atherosclerotic cardiovascular disease or a history of heart 

failure (19). In fact, SGLT2i are recommended for the prevention of heart failure in Stage 

A patients with increased risk of heart failure (20, 21). There are no large clinical studies 

testing the effect of SGLT2i on incident heart failure among broad groups of patients with 

cancer. Nevertheless, in animal studies, the use of SGLT2i prior to anthracyclines was 

associated with the preservation of cardiac structure and function in mice (22, 23). Recently, 

a retrospective study reported that the use of SGLT2i is associated with lower rates of 

cardiac events among diabetes patients treated with anthracyclines (24). Whether SGLT2i 

confers cardiovascular outcomes benefits among patients with different types of cancer and 

a broad range of cancer treatments remains unknown. It is also unclear whether SGLT2i 

may affect survival outcomes in patients with cancer. Glycolysis plays a central role in 

tumor metabolism and growth; SGLT2 is upregulated in several cancer types and inhibition 

of SGLT2 has been shown to attenuate the proliferation of multiple different cancer cell 

lines (25, 26). However, the effect of SGLT2i on survival is incompletely understood. To 

address these knowledge gaps, we performed a retrospective cohort study to evaluate the 

cardiovascular and survival impact of SGLT2i among cancer patients.

Methods

Study Design

This was a retrospective propensity score-matched cohort study conducted at two tertiary 

referral centers in Taiwan. The Institutional Review Board of both hospitals approved this 

study (Chung Shan Medical University Hospital, CS1–22068; Taipei Tzu Chi Hospital, 

11-X-035). Informed consent was waived. Patients or the public were not involved in the 

design, conduct, reporting, or dissemination plans of this research. Adult type 2 diabetes 

patients treated with cancer between January 2010 and December 2021 were identified using 

the International Classification of Diseases (ICD) codes. We excluded patients who had only 

one hospital visit and missing data. Patients were classified as having received SGLT2i if 

they received canagliflozin, dapagliflozin, or empagliflozin after a cancer diagnosis. This 

included patients who were started on SGLT2i before the diagnosis of cancer and continued 

the medication after the diagnosis. The index date was determined as the date of the 

first SGLT2i or non-SGLT2i diabetes medication after the diagnosis of cancer. In the non-
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SGLT2i group, the index date was chosen as the date of the first non-SGLT2i medication 

prescription after the diagnosis of cancer. We utilized the electronic medical records to 

collect data such as age, sex, cancer information, underlying comorbidities, previous cancer 

therapies, and use of diabetes medications and other cardiovascular medications. For patients 

who developed heart failure, we also collected data on the left ventricular ejection fraction 

(LVEF).

The efficacy outcome was hospitalization for incident heart failure (HF). The cardiovascular 

events were adjudicated by two investigators, using a combination of ICD codes, medication 

use, and clinical/imaging findings (Supplemental Table 1), and blinded to exposure status. 

The primary safety outcome was all-cause mortality, and the secondary safety outcomes 

were serious adverse events reported as associated with the use of SGLT2i, including 

diabetic ketoacidosis, urosepsis, sepsis, hypoglycemia, acute kidney injury, and Fournier’s 

gangrene. In both SGLT2i and non-SGLT2i cohorts, only cardiac or adverse events that 

occurred for the first time after the initiation of the SGLT2i or non-SGLT2i diabetes 

medications were considered. To ensure that patients in the non-SGLT2i cohort were also 

receiving therapy for diabetes mellitus, patients were included if they received non-SGLT2i 

diabetes medications.

Statistical analysis

We conducted a 1:1 propensity score matching to minimize the baseline differences between 

SGLT2i and the non-SGLT2i cohorts. The propensity score was built based on the following 

predetermined variables: age, sex, cancer type, year of cancer diagnosis, institution treated, 

the presence of metastatic disease, underlying cardiac and non-cardiac comorbidities, use of 

cardiovascular medications, and the type of cancer therapy. These variables were selected 

because they predict the likelihood of the exposure, are potential confounders, or are related 

to the primary outcomes, which were shown to yield optimal propensity score matching 

models (27). We used a nearest neighbor matching approach, with a caliper set at 0.2 of 

the standard deviation of the logit of the propensity score. After matching, we compared 

the differences in baseline characteristics between patients who were treated with SGLT2i 

and non-SGLT2i diabetes medications using standardized mean differences. The time to 

cardiovascular events and overall survival between patients treated with SGLT2i and non-

SGLT2i medications were estimated using the Kaplan-Meier method. We evaluated the 

time to hospitalization for HF using the cumulative incidence competing risk method. The 

association between SGLT2i use and the risk of each of the endpoints was evaluated using 

the Cox proportional hazard model. The proportional hazard ratio assumption was assessed 

using the Schoenfeld Residuals. We considered death as a competing risk for the occurrence 

of cardiovascular and adverse events and calculated the sub-distribution hazard ratio (SHR) 

using the Fine and Gray competing risk regression model. We performed a time-varying 

Cox analysis to account for patients who discontinued SGLT2i treatment during the study. 

We conducted additional analyses to evaluate the effects of SGLT2i on hospitalization for 

incident HF and all-cause mortality in pre-specified subgroups that include age, sex, cancer 

type, metastatic disease, underlying comorbidities, and use of cardiovascular medications 

and chemotherapeutic agents at baseline. Incidence rates were calculated as the number of 

incident HF or all-cause mortality divided by the total follow-up periods. Incidence rate 
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ratios were calculated by dividing the incidence rates of exposed to unexposed. Because 

SGLT2i were only used after 2015 in our study sites, we performed additional sensitivity 

analyses to evaluate if controls selected before or after 2015 would influence the results. 

We further tested the effects of the length of SGLT2i prescription and different classes 

of SGLT2i and non-SGLT2i controls on the outcomes. A p-value less than 0.05 for a 

two-sided test was used to indicate statistical significance. For subgroup analyses, p-values 

indicating statistical significance were corrected using Bonferroni correction. All analyses 

were conducted using Stata version 16.0 (StataCorp LLC, College Station, TX).

Results

Patient Demographics

We identified 8640 cancer patients with type 2 diabetes mellitus between 2010 and 2021. 

After excluding patients who had only one hospital visit and missing data, there remained 

878 and 7556 patients in the SGLT2i and non-SGLT2i cohorts (Figure 1). As expected, 

patients who were treated with SGLT2i had higher proportions of cardiovascular risk factors 

and were more commonly prescribed cardiac medications than patients who were not 

treated with SGLT2i (Supplemental Table 2). After propensity score matching, all covariates 

including underlying comorbidities, previous cardiovascular diseases, and the use of cardiac 

medications were well-balanced between the two groups (Table 1 and Supplemental Figure 

1). The most common malignancy for both groups were gastrointestinal and genitourinary 

cancers. For common cardiotoxic agents, 136 (8%) received anthracyclines, 71 (4%) 

received tyrosine kinase inhibitors, and 47 (3%) received radiotherapy. Among patients 

treated with an SGLT2i; empagliflozin (49%) was the most commonly prescribed, followed 

by dapagliflozin (38%) (Supplemental Table 3). Among patients treated with non-SGLT2i 

medications, metformin was the most commonly prescribed (45%), followed by insulin 

(36%). The distribution of non-SGLT2i diabetes medications was similar between the 

SGLT2i and non-SGLT2i cohorts before cancer diagnosis (Supplemental Table 4). The 

median time from cancer diagnosis to the index date was 6.8 (IQR, 1.0–24.0) months 

and 1.0 (IQR, 0.2–7.8) months for the SGLT2i and non-SGLT2i groups, respectively. The 

median follow-up time was 20.4 (IQR, 8.3–35.8) months and 18.0 (IQR, 5.1–47.6) months 

for the SGLT2i and non-SGLT2i groups, respectively.

Hospitalization for incident HF

During a median follow-up period of 18.8 months, the incidence rate for hospitalization for 

incident HF for SGLT2i and non-SGLT2i cohorts was 2.92 and 8.95 per 1000 patient-years, 

with an incidence rate ratio of 0.33 [95% CI: 0.10–0.91] (p = 0.018) (Table 2). Kaplan-Meier 

analysis showed that those prescribed SGLT2i had a lower cumulative incidence of HF 

compared with those prescribed non-SGLT2i medications (Log-rank, p = 0.009) (Figure 2). 

In a Cox proportional hazard model, SGLT2i were associated with a 72% reduction in the 

risk for hospitalization for HF (HR, 0.28 [95% CI: 0.11–0.77], p = 0.013) (Table 2). Using 

a competing risk analysis, the cumulative incidence and risk of HF remained lower in the 

SGLT2i group (SHR, 0.32 [95% CI: 0.12–0.84], p = 0.021) (Table 2 and Supplemental 

Figure 2). In a time-varying Cox analysis, the use of SGLT2i was associated with a 

lower risk of hospitalization for heart failure (HR 0.22 [95% CI: 0.05–0.93], p = 0.040) 
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(Supplemental Table 5). Among the 24 patients who were hospitalized with incident HF, 5 

received SGLT2i, while 19 were treated with non-SGLT2i medications. Among patients with 

available echocardiography data, 11 patients had reduced LVEF, and 10 had preserved LVEF 

(Supplemental Table 6).

In our subgroup analysis, the effects of SGLT2i were similar across different age and sex 

groups (Supplemental Figure 3). The use of SGLT2i was associated with a greater HF risk 

reduction in patients without chronic kidney disease than those with chronic kidney disease, 

but this association was not statistically significant (HR, 0.22 [95% CI: 0.06–0.75] vs. 0.53 

[95% CI: 0.09–3.17], p for interaction = 0.337). Patients with dyslipidemia showed a trend 

toward greater benefit from the use of SGLT2i than patients without dyslipidemia; however, 

this difference was not statistically significant (HR, 0.09 [95% CI: 0.01–0.68] vs. 0.65 [95% 

CI: 0.18–2.32], p for interaction = 0.112) (Supplemental Figure 3).

Overall Survival

Compared with patients not treated with SGLT2i, those who received SGLT2i had a higher 

overall survival (e.g., at 2 years, 85.3% vs. 63.0%, log-rank, p < 0.001) (Figure 3). In a 

Cox proportional hazard model, the use of SGLT2i was associated with a 65% reduction in 

the risk for all-cause mortality (HR, 0.35 [95% CI: 0.28–0.43], p < 0.001) (Table 2). In a 

time-varying Cox analysis, the use of SGLT2i was associated with a lower risk of all-cause 

mortality (HR 0.08 [95% CI: 0.05–0.13], p <0.001) (Supplemental Table 5). In subgroup 

analysis, SGLT2i were associated with a lower risk of mortality regardless of underlying 

comorbidities, cancer type, and cancer therapy (Supplemental Figures 4 and 5). However, 

patients who received immune checkpoint inhibitors did not experience a reduction in 

mortality (Supplemental Figure 5).

Other adverse events

The use of SGLT2i was not associated with an increased risk of diabetic ketoacidosis (HR, 

1.18 [95% CI: 0.29–4.78, p = 0.82) or acute kidney injury (HR, 0.78 [95% CI: 0.52–1.18, p 

= 0.24) (Table 3). One patient developed Fournier’s gangrene in the SGLT2i group (0.12%), 

while no patient had Fournier’s gangrene in the non-SGLT2i group. The use of SGLT2i was 

associated with a decreased risk of urosepsis (HR, 0.27 [95% CI: 0.13–0.56]), sepsis (HR, 

0.31 [95% CI: 0.22–0.44], and hypoglycemia (HR, 0.36 [95% CI: 0.16–0.81]).

Sensitivity analysis

Patients who received SGLT2i showed a trend of lower risk of hospitalization for incident 

HF and all-cause mortality compared to those who did not receive SGLT2i regardless 

of the time (before or after 2015) during which the non-SGLT2i control was selected 

(Supplemental Figure 6 and 7). Additionally, different classes of SGLT2i showed similar 

efficacy in reducing the risk of HF and mortality. Patients who received SGLT2i for at least 

6 months experienced a greater risk reduction in HF and mortality compared to patients 

who received SGLT2i for a shorter period. Compared with patients who received different 

classes of non-SGLT2i medications, patients who received SGLT2i had a lower risk of HF 

and mortality.
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Discussion

In this retrospective study, we found that the use of SGLT2i was associated with a reduction 

in hospitalization for HF and improved overall survival in patients with cancer. Furthermore, 

SGLT2i use was not associated with an increased risk of adverse events among cancer 

patients. Our results suggest that SGLT2i may provide cardiovascular and survival benefits 

for patients with diabetes mellitus and cancer.

Our findings that SGLT2i reduce hospitalization for incident HF among patients with 

cancer are novel, and they are supported by findings in non-cancer populations. The EMPA-

REG OUTCOME (Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes 

Mellitus Patients) trial was the first to report a 35% relative reduction in hospitalization with 

HF associated with the use of empagliflozin in type 2 diabetes mellitus (14). Subsequent 

trials generalized these findings to other classes of SGLT2i and the non-diabetic population 

(15–17). In our study, the use of SGLT2i was associated with a 70% relative reduction in 

hospitalization for HF. It is likely that some of the same beneficial effects of SGLT2i in 

countering heart failure progression that are seen in patients without cancer, also occur in 

those with cancer. Whether SGLT2i also confers additional heart failure benefits specific 

to patients with cancer is still unclear. In our study, only 136 (8%) were treated with an 

anthracycline, and among the patients who were hospitalized with HF, only 1 was treated 

with anthracyclines. Thus, we were unable to examine the risk of HF hospitalization in an 

anthracycline-specific population.

Inhibition of SGLT2 has been postulated to be a potential candidate for augmenting cancer 

therapy (25). Preclinical studies showed that SGLT-specific positron emission tomography 

(PET) tracers accumulate in tumor cells and patient-derived xenografts and were reduced 

by SGLT2i (25, 26). Our results showed that cancer patients treated with SGLT2i had 

significantly better survival outcomes than patients who were not treated with SGLT2i. This 

finding was noted despite the SGLT2i recipients having a higher baseline cardiovascular and 

mortality risk. In clinical trials of the general diabetes population, patients who received 

SGLT2i had an estimated mean survival difference of 1 to 5 years compared with placebo 

(14, 28). The postulated mechanisms involved include natriuresis and osmotic diuresis 

leading to blood pressure reduction, weight loss, reduced oxidative stress, and improved 

vascular endothelial function (14, 28).

Although SGLT2i have demonstrated a favorable safety profile in data from clinical trials 

and post-marketing pharmacovigilance, several serious, though infrequent safety issues have 

been reported. One commonly reported adverse event from the use of SGLT2i is diabetic 

ketoacidosis. In our study, there were only 4 cases (0.46%) of diabetic ketoacidosis and 

its incidence was not higher than that reported in previous studies (29). Another adverse 

event of concern is urinary tract infections. However, both our data and those from previous 

studies conducted in the non-cancer populations did not show an increased risk of urinary 

tract infections associated with SGLT2i (14, 16, 30). This is clinically important because 

cancer patients have a higher susceptibility to infections and sepsis (20).
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The results of this study should be interpreted in the context of the study design. This was 

a retrospective study, and there may remain residual confounders that were not included in 

the propensity score matching model. However, we included most of the known covariates 

that were deemed to influence the use of SGLT2i in our model. There was an expected loss 

to follow-up as this was a cancer population; this might have affected the risk estimates of 

the cardiovascular and non-cardiovascular outcomes. We also do not have data on the exact 

cause of death and response to treatment; therefore, we could not determine if the survival 

benefits associated with SGLT2i were attributed to its antitumor effects or cardiovascular 

benefits but suspect the former. The magnitude of the effect on overall mortality was 

large. The groups appeared to be matched on standard variables associated with mortality 

in cancer patients, but the presence of residual confounding cannot be excluded and the 

effect of SGLT2i on overall survival and progression-free survival needs to be tested 

in a randomized trial. Potential bias might arise from the crossover of SGLT2i-treated 

patients to the non-SGLT2i group during the study period. However, our sensitivity analysis 

indicates that patients who discontinued or switched therapy within 6 months of SGLT2i 

had significantly less cardiovascular and survival benefits than those who were placed on 

SGLT2i for a longer period. Our data only apply to cancer patients with type 2 diabetes. 

Whether similar SGLT2i-related benefits can be seen in cancer patients without diabetes 

is unknown and should be tested. We did not have HbA1c data available for analysis, but 

this does not influence the decision for which patients are placed on SGLT2i versus other 

diabetes medications. These results could only be generalized to canagliflozin, dapagliflozin, 

or empagliflozin, and the effects of other types of SGLT2i on cancer patients remain 

to be determined. There might be bias resulting from the use of non-SGLT2i controls 

selected from the time period before SGLT2i were used in clinical practice. Nevertheless, 

our sensitivity analysis indicates that the cardiovascular and survival benefits associated 

with SGLT2i were observed regardless of the time period from which the controls were 

selected. Finally, this study was conducted in an Asian population, which has a different 

cardiovascular risk profile and cancer demographics than other regions.

Conclusion

In this large retrospective cohort study, the use of SGLT2i was associated with a reduction 

in hospitalization for HF and improved overall survival among cancer patients with type 2 

diabetes mellitus. There were no increased rates of serious adverse events associated with 

SGLT2i. Prospective randomized trials are needed to further investigate and specify the 

benefit of SGLT2i in patients with cancer.
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What is already known on this topic

SGLT2 inhibitors are associated with a lower risk of hospitalization for heart failure. 

However, the effects of SGLT2 inhibitors on hospitalization for heart failure and 

mortality in cancer patients are unclear.
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What this study adds

SGLT2 inhibitors are associated with a lower risk of hospitalization for heart failure and 

all-cause mortality in patients with cancer and diabetes.
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How this study might affect research, practice or policy

SGLT2 inhibitors need to be tested in randomized trials whether they lower heart failure 

risk and improve survival among cancer patients.
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Figure 1. 
Flowchart showing patient inclusion.

Abbreviations: ICD, International Classification of Diseases; SGLT2i, Sodium-glucose 

Cotransporter 2 Inhibitors
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Figure 2. 
Kaplan-Meier curve showing cumulative incidence of hospitalization for heart failure.

Abbreviations: HF, heart failure; SGLT2i, Sodium-glucose Cotransporter 2 Inhibitors
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Figure 3. 
Kaplan-Meier analysis showing the overall survival between SGLT2i and non-SGLT2i 

cohorts.

Abbreviations: SGLT2i, Sodium-glucose Cotransporter 2 Inhibitors
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Table 1.

Patient demographics after propensity score matching

Total N=1,756 non-SGLT2i N=878 SGLT2i N=878 SMD (%)

Age 65 (58–73) 65 (59–75) 65 (58–71) −0.2

Male 931 (53%) 456 (52%) 475 (54%) 4.3

Year of cancer diagnosis 2016 (2013–2019) 2016 (2013–2019) 2016 (2013–2019) −2.7

Institution

 Taipei Tzu Chi Hospital 539 (31%) 277 (32%) 262 (30%)
3.6

 Chung Shan Medical University Hospital 1,217 (69%) 601 (68%) 616 (70%)

Cancer type

 Gastrointestinal 623 (35%) 311 (35%) 312 (36%)

 Genitourinary 311 (18%) 145 (17%) 166 (19%)

 Thoracic 222 (13%) 116 (13%) 106 (12%)

 Head and neck 180 (10%) 95 (11%) 85 (10%)
1.4

 Breast 199 (11%) 97 (11%) 102 (12%)

 Hematologic 83 (5%) 52 (6%) 31 (4%)

 Skin 27 (2%) 17 (2%) 10 (1%)

 Others 111 (6%) 45 (5%) 66 (8%)

Metastatic disease 322 (18%) 158 (18%) 164 (19%) 1.7

Comorbidities

 Cardiovascular disease* 325 (19%) 162 (18%) 163 (19%) 0.3

  Heart failure 84 (5%) 43 (5%) 41 (5%)

  Myocardial infarction 59 (3%) 23 (3%) 36 (4%)

  Ischemic stroke 62 (4%) 37 (4%) 25 (3%)

  Arrhythmia 188 (11%) 98 (11%) 90 (10%)

 Hypertension 1,319 (75%) 674 (77%) 645 (73%) −7.1

 Dyslipidemia 1,090 (62%) 548 (62%) 542 (62%) −1.4

 Chronic kidney disease 245 (14%) 122 (14%) 123 (14%) 0.3

 COPD 177 (10%) 89 (10%) 88 (10%) −0.4

Cardiovascular medications

 ACEI/ARB 992 (56%) 508 (58%) 484 (55%) −5.6

 Beta-blockers 1,034 (59%) 527 (60%) 507 (58%) −4.7

 Diuretics 748 (43%) 383 (44%) 365 (42%) −4.2

 Calcium channel blockers 955 (54%) 481 (55%) 474 (54%) −1.6

 Statin 990 (56%) 492 (56%) 498 (57%) 1.5

 Aspirin 390 (22%) 203 (23%) 187 (21%) −4.5

Cancer therapy

 Alkylating agents 82 (5%) 37 (4%) 45 (5%) 4.7

 Antimetabolites 310 (18%) 153 (17%) 157 (18%) 1.3

 Platinum 216 (12%) 112 (13%) 104 (12%) −3

 Plant alkaloids 190 (11%) 100 (11%) 90 (10%) −4.1

 Anthracyclines 136 (8%) 70 (8%) 66 (8%) −1.9
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Total N=1,756 non-SGLT2i N=878 SGLT2i N=878 SMD (%)

 Tyrosine kinase inhibitors 71 (4%) 35 (4%) 36 (4%) 0.6

 HER2 inhibitors 32 (2%) 14 (2%) 18 (2%) 4

 VEGF inhibitors 29 (2%) 15 (2%) 14 (2%) −1.1

 Immune checkpoint inhibitors 22 (1%) 11 (1%) 11 (1%) 0

 Radiotherapy 47 (3%) 23 (3%) 24 (3%) 0.8

Abbreviations: ACEI-ARB, Angiotensin-converting enzyme inhibitors-angiotensin receptor blockers; COPD, chronic obstructive pulmonary 
disease; HER2, Human epidermal growth factor receptor 2; SGLT2i, Sodium-glucose cotransporter 2 inhibitors; SMD, standardized mean 
differences; VEGF, Vascular endothelial growth factor

*
History of heart failure, myocardial infarction, ischemic stroke, and arrhythmia
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Table 2.

Incidence rate ratio and cox proportional analysis of cardiovascular outcomes and all-cause mortality between 

SGLT2i and non-SGLT2i cohorts

Outcomes Exposure Cases

Incidence 
per 1000 
patient-

years

Incidence 
rate ratio 
(95% CI)

P-value Hazard ratio 
(95% CI) P-value SHR (95% 

CI)
P-

value

Heart failure 
hospitalization

Non-
SGLT2i 19 8.95 Reference

0.018

Reference

0.013

Reference

0.021

SGLT2i 5 2.92 0.33 (0.10–
0.91)

0.28 (0.11–
0.77)

0.32 (0.12–
0.84)

All-cause 
mortality

Non-
SGLT2i 362 162.7 Reference

<0.001

Reference

<0.001 -

SGLT2i 124 70.0 0.43 (0.35–
0.53)

0.35 (0.28–
0.43)

Abbreviations: CI, confidence interval; SGLT2i, Sodium-glucose Cotransporter-2 Inhibitors; SHR, sub-distribution hazard ratio
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Table 3.

Incidence rate ratio and cox proportional analysis of adverse outcomes between SGLT2i and non-SGLT2i 

cohorts.

Outcomes Exposure Cases

Incidence 
per 1000 
patient-

years

Incidence 
rate ratio 
(95% CI)

P-value
Hazard 

ratio (95% 
CI)

P-value SHR (95% 
CI) P-value

Total adverse 
events

Non-
SGLT2i 215 109.0 Reference

<0.001

Reference

<0.001

Reference

<0.001

SGLT2i 97 57.7 0.53 (0.41–
0.68)

0.45 (0.35–
0.57)

0.50 (0.39–
0.63)

Diabetic 
ketoacidosis

Non-
SGLT2i 5 2.25 Reference

0.97

Reference

0.82

Reference

0.74

SGLT2i 4 2.29 1.02 (0.20–
4.72)

1.18 (0.29–
4.78)

1.25 (0.34–
4.51)

Urosepsis

Non-
SGLT2i 34 15.7 Reference

0.001

Reference

<0.001

Reference

0.002

SGLT2i 9 5.15 0.33 (0.14–
0.70)

0.27 (0.13–
0.56)

0.31 (0.15–
0.65)

Sepsis

Non-
SGLT2i 131 64.9 Reference

<0.001

Reference

<0.001

Reference

<0.001

SGLT2i 40 24.4 0.38 (0.26–
0.54)

0.31 (0.22–
0.44)

0.34 (0.24–
0.49)

Hypoglycemia

Non-
SGLT2i 24 11.1 Reference

0.025

Reference

0.014

Reference

0.037

SGLT2i 8 4.64 0.41 (0.16–
0.95)

0.36 (0.16–
0.81)

0.42 (0.19–
0.95)

Acute kidney 
injury

Non-
SGLT2i 61 28.9 Reference

0.38

Reference

0.24

Reference

0.54

SGLT2i 41 24.2 0.84 (0.55–
1.26)

0.78 (0.52–
1.18)

0.88 (0.58–
1.33)

Fournier’s 
gangrene

Non-
SGLT2i 0 0.0 Reference

-
Reference - Reference

-

SGLT2i 1 0.57 - - -

Abbreviations: CI, confidence interval; SGLT2i, Sodium-glucose Cotransporter-2 Inhibitors; SHR, sub-distribution hazard ratio

Heart. Author manuscript; available in PMC 2023 March 24.


	Abstract
	Introduction
	Methods
	Study Design
	Statistical analysis

	Results
	Patient Demographics
	Hospitalization for incident HF
	Overall Survival
	Other adverse events
	Sensitivity analysis

	Discussion
	Conclusion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.

