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Objective  

The SGLT2 inhibitor dapagliflozin reduced the risk of cardiovascular mortality and worsening 

heart failure in the Dapagliflozin and Prevention of Adverse-Outcomes in Heart Failure trial 

(DAPA-HF).  This report explores the effect of dapagliflozin on incident type 2 diabetes in the 

non-diabetic cohort enrolled in the trial. 

 

Research Design/Methods 

The subgroup of 2605 patients with heart failure and reduced ejection fraction (HFrEF), no prior 

history of diabetes, and a HbA1c of <6.5% at baseline was randomized to dapagliflozin 10 mg 

daily or placebo. In this exploratory analysis, surveillance for new onset diabetes was 

accomplished through periodic HbA1c testing as part of the study protocol and comparison 

between the treatment groups assessed through a Cox proportional hazards model. 

 

Results 

At baseline, the mean HbA1c was 5.8%. At 8 months, there were minimal changes, with a 

placebo-adjusted change in the dapagliflozin group of -0.04%. Over a median follow-up of 18 

months, diabetes developed in 93/1307 patients (7.1%) in the placebo group and 64/1298 (4.9%) 

in the dapagliflozin group. Dapagliflozin led to a 32% reduction in diabetes incidence (HR 0.68, 

95% CI, 0.50-0.94; p=0.019.)  More than 95% of the participants who developed type 2 diabetes 

had prediabetes at baseline (HbA1c 5.7-6.4%.) Participants who developed diabetes in DAPA-HF 

had a higher subsequent mortality than those who did not. 

Conclusions 

In this exploratory analysis among patients with HFrEF, treatment with dapagliflozin reduced the 

incidence of new diabetes. This potential benefit needs confirmation in trials of longer duration 

and in people without heart failure. 
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INTRODUCTION 

The prevalence of type 2 diabetes (T2D) continues to increase world-wide. Once established, T2D 

can lead to several complications that can reduce both the quality and duration of life, such as 

retinopathy, nephropathy, neuropathy, and a variety of cardiovascular problems including heart 

failure. While there have been major achievements over the past three decades in reducing the risk of 

these complications through optimal control of glycemia, blood pressure, and lipids, the best way to 

avoid them may be to prevent diabetes itself. T2D is preceded by a prolonged asymptomatic phase 

marked by mild hyperglycemia1, often referred to as ‘prediabetes.’ Safe and effective strategies to 

slow the otherwise progressive rise in blood glucose concentrations characterizing the transition 

from prediabetes to diabetes are needed. Several clinical trials have already demonstrated that T2D 

can in fact be prevented through lifestyle changes (healthy diet, weight loss, and increased physical 

activity), bariatric surgery, or the use of several glucose-lowering or weight loss medications.2 These 

studies have typically been conducted in higher risk patients, such as those with prediabetes (usually, 

impaired glucose tolerance [IGT]), obesity or both. 
 

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are newer glucose-lowering oral agents 

originally approved for use in patients with T2D requiring additional glycemic control beyond 

metformin. They lower blood glucose and glycosylated hemoglobin (HbA1c) concentrations by 

inducing glucosuria. Notably, their use also leads to reductions in blood pressure and weight, but 

does not increase the risk of hypoglycemia as monotherapy or when paired with metformin. Recent 

outcome trials involving T2D patients at high cardiovascular or renal risk (or both) have also 

demonstrated significant benefits from SGLT2 inhibitors in reducing major adverse cardiovascular 

events, heart failure hospitalization, and the progression of chronic kidney disease.3 Such data have 

earned certain members of this class specific label indications to prevent cardiovascular and kidney 

complications. In the recently concluded Dapagliflozin and Prevention of Adverse-Outcomes in 

Heart Failure trial (DAPA-HF), some of these advantages were extended to patients with heart 
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failure and reduced ejection fraction (HFrEF) - the majority of whom did not have diabetes but were 

at high risk for its development.4 We took this opportunity to determine whether dapagliflozin 

could reduce the incidence of new T2D in patients enrolled in the trial without a prior diagnosis of 

diabetes and whose HbA1c was under the prevailing diagnostic threshold of 6.5%.1 

 

METHODS 

DAPA-HF was a multi-national randomized, placebo-controlled trial assessing the impact of 

dapagliflozin on cardiovascular mortality or worsening heart failure in 4744 patients with HFrEF. 

Inclusion criteria have been previously described.5 The major ones were a clinical diagnosis of heart 

failure with New York Heart Association (NYHA) functional class II-IV symptoms, left ventricular 

ejection fraction (LVEF) ≤40%, and elevated circulating concentrations of the N-terminal pro-B-

type natriuretic peptide (NT-proBNP). Key exclusion criteria were a prior history of type 1 diabetes 

and an estimated glomerular filtration rate (eGFR) <30 ml/min/1.73 m2. 

 

After a screening visit during which inclusion and exclusion criteria were assessed and informed 

consent obtained, eligible patients were randomized to receiving once daily dapagliflozin 10 mg or 

matching placebo orally. Patients were evaluated at the clinical sites 2 weeks, 2 months and 4 

months after randomization, then every 4 months until the completion of the trial.  The primary 

outcome of DAPA-HF was the composite of cardiovascular death or worsening heart failure, 

including heart failure hospitalization or urgent treatment with intravenous therapy in the outpatient 

setting. Secondary outcomes were the occurrence of heart failure hospitalization or cardiovascular 

death; heart failure hospitalization (first and recurrent) and cardiovascular death; change in heart 

failure symptoms (based on the validated Kansas City Cardiomyopathy Questionnaire total 

symptom score [TSS])6 from baseline to 8 months; a composite worsening renal function outcome; 

and death from any cause. The incidence of a new diagnosis of T2D in patients without diabetes at 

baseline is the focus of this report. 
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All patients underwent HbA1c testing (in the non-fasted state, precluding simultaneous fasting 

plasma glucose measurements) at baseline and at each study visit  through a central laboratory, 

using the Bio-Rad Variant II HMT370 ion-exchange high-performance liquid chromatography 

(HPLC) assay (Bio-Rad, Hercules, CA, USA.) Those individuals with a prior diagnosis of T2D and 

those whose HbA1c was ≥6.5% at both the enrollment and randomization visits (i.e., repeated and 

confirmed, and therefore diagnosed with new T2D) were excluded from this analysis. The 

remaining participants constituted our study cohort, comprised of those with prediabetes at baseline 

(as per the definition of the American Diabetes Association [ADA] of a HbA1c between 5.7-6.4%)1 

and individuals considered to have normoglycemia (similarly defined a HbA1c <5.7%). Incident 

diabetes was defined as either a HbA1c of ≥6.5%, measured in the central laboratory, on two 

consecutive follow-up visits or a clinical diagnosis of diabetes outside of the trial leading to the 

initiation of a glucose lowering agent.  

 

STATISTICS 

 Baseline characteristics were compared between groups by using the two sample T-test and 

Wilcoxon rank-sum test for normal and non-normal continuous variables respectively, and the χ2 

test for categorical variables. In this exploratory analysis, the effect of dapagliflozin compared to 

placebo on incident diabetes was examined by means of hazard ratio (HR) and 95% confidence 

intervals (CI) derived from Cox proportional-hazards models with treatment allocation as the only 

factor in the model. To account for the competing risk of death from any cause, a further sensitivity 

analysis was performed using the method described by Fine and Gray, with incident diabetes as the 

outcome event and mortality due to any other cause as a competing risk.7 We also performed a third 

analysis using a logistic regression model adjusting for HbA1c at baseline to assess consistency of 

the data, irrespective of the initial glycemic status.  For all models, time-to-event was calculated as 
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time from randomization to new onset diabetes (with the time of the confirmatory HbA1c 

measurement used or the investigator reported date of diagnosis if recorded as an investigator-

reported event) or time to death or censor, whichever occurred first. A sensitivity analysis was 

performed using the date of the first HbA1c measurement ≥6.5% as the time-to-event of new-onset 

diabetes. The relative hazard of death from any cause and cardiovascular causes following a new 

diagnosis of DM was examined in a Cox proportional hazards model where an indicator of a new 

DM diagnosis was entered into the model as a time-updated covariate (with follow-up time starting 

at randomization). The period at risk prior to a new diagnosis of DM was attributed to the group 

with no diagnosis of DM in order to calculate incidence rates which reflect patients' time-updated 

event status. The model was repeated with adjustment for randomised treatment allocation, age, 

sex, region, race, NYHA functional classification, left ventricular ejection fraction, body mass 

index, pulse, systolic blood pressure, serum creatinine, log NT-proBNP, history of prior heart 

failure hospitalization, atrial fibrillation, stroke, myocardial infarction, hypertension, ischemic 

etiology and use of implantable cardioverter defibrillator and/or cardiac resynchronization therapy. 

This analysis was repeated for the endpoint of recurrent heart failure hospitalizations and 

cardiovascular death by means of a semiparametric proportional-rates model, in which the relative 

risk is reported as a rate ratio.8 Change in HbA1c over time was analyzed using a mixed model for 

repeated measurements (adjusted for baseline values, visit, randomized treatment and interaction of 

treatment and visit with a random intercept and slope per patient). All analyses were performed 

using Stata version 16 (College Station, TX, USA). A p-value <0.05 was considered statistically 

significant. 

 

RESULTS 

The median duration of follow-up was 18.2 months (interquartile range 14.2-21.5). As previously 

reported, in the placebo group, 502/2371 patients achieved the primary outcome of worsening heart 

failure or cardiovascular death (21.2%;15.6 events per 100 patient-years) whereas this occurred in 
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only 386/2373 patients in the dapagliflozin group (16.3%; 11.6 events per 100 patient-years.) The 

relative risk was thereby reduced by 26% (hazard ratio [HR][ 0.74, 95% confidence interval [CI] 

0.65, 0.85; p<0.001).4   This benefit appeared to extend to patients across baseline glycemic 

categories as there, with no heterogeneity in the primary outcome based on the presence (HR 0.75, 

95% CI, 0.63, 0.90, p=0.002) or absence (HR 0.73, 95% CI, 0.60, 0.88, p=0.002) of diabetes at 

baseline (p-value for interaction=0.80.)9 

 

Of the 4744 participants, 2139 (45%) were determined to have T2D at baseline, including 1983 

(42%) with a previous established diagnosis and an additional 156 (3.3%) being newly identified 

based on a confirmed HbA1c ≥6.5% at baseline. Of the 2605 (55%) without diabetes, 1748 (67%) 

had prediabetes and 857 (33%) had normoglycemia based on their HbA1c levels. The baseline 

characteristics of these groups are compared in Supplemental Table 1. Major differences between 

patients with prediabetes and those with an HbA1c in the normoglycemic range included age (67.1 

years ± 11.1 vs. 64.5 years ±12.5, p<0.001), BMI (27.4±5.8 vs. 26.8±5.6 kg/m2, p=0.023) and (as 

expected, based on our definitions) mean HbA1c (6.0%±0.3 vs. 5.3%±0.2, p<0.001).	Additionally, 

compared to normoglycemic patients, those with prediabetes more frequently had an ischemic 

etiology of heart failure, a lower mean eGFR and were more often treated with a diuretic. 

 

At baseline, amongst patients without diabetes, the mean HbA1c was 5.8% ±0.4% in the placebo 

group and 5.7% ±0.4% in the dapagliflozin group. At 8 months the mean HbA1c in the placebo 

group was 5.8% ±0.6%, 5.8% ±0.4% in the dapagliflozin group, with a placebo-corrected 

difference of -0.04% (95%CI -0.07 to -0.01). (Figure 1 A) These data varied slightly, based on the 

presence of prediabetes at baseline (Figure 1 B). In those with prediabetes, mean baseline HbA1c 

levels were 5.9%±0.3% and 6.0%±0.3% in those treated with dapagliflozin and placebo, 

respectively. At 8-months following randomization, mean HbA1c had fallen slightly in both 

groups: -0.08% (95% CI -0.10% to -0.06%) with dapagliflozin and by -0.04% (95% CI -0.07% to -
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0.02%) with placebo, yielding a placebo-corrected reduction of -0.04% (95% CI -0.07% to 0.00%, 

p=0.034) with dapagliflozin. In normoglycemic patients, mean baseline HbA1c in those treated 

with dapagliflozin and placebo was 5.3%±0.3% and 5.3%±0.2%, respectively. The corresponding 

changes in HbA1c at 8 months were +0.10% (95% CI +0.07 to +0.13) with dapagliflozin and 

+0.15% (95% CI +0.11 to +0.18) with placebo, yielding a placebo-corrected reduction of 0.05% (-

0.10% to 0.00%, p=0.051) with dapagliflozin. 

 

Amongst the 2605 trial participants without diabetes at baseline, 157 (6.0%) developed T2D during 

follow-up, 150 (95.5%) of whom had prediabetes based on the ADA definition and 136 [86.6%] of 

whom had prediabetes using the more restrictive 6.0-6.4% criterion of the International Expert 

Committee.10 Those with incident T2D had a higher mean baseline A1c (6.2 ±0.3 vs 5.7 ±0.4%; 

p<0.001), larger BMI (28.5 ±5.9 vs 27.1 ±5.7 kg/m2; p=0.003), lower eGFR (61.5 ±17.4 vs 68.2 

±19.3 ml/min/1.73 m2; p<0.001), and were more commonly using a statin (72% vs. 61%; p=0.006) 

than those whose HbA1c remained in the non-diabetic range (see Table 1.) 

 

Incident diabetes occurred in 93/1307 patients or 7.1% in the placebo group and 64/1298 or 4.9% in 

the dapagliflozin group. The rate per 100 patient-years was 5.0 (95% CI 4.1-6.1) versus 3.4 (2.7-

4.3) in the placebo and dapagliflozin groups, respectively. Using the Cox proportional hazards 

model, dapagliflozin led to a 32% reduction in diabetes incidence (HR 0.68 (95% CI, 0.50-0.94; 

p=0.019.) (See Figure 2) Separation of the event curves occurred early and was detectable by the 4-

month visit. Results were very similar using the Fine & Gray model, which accounted for the 

competing risk of mortality; the effect size here was virtually identical at 31% (HR 0.69 [0.50-

0.95]; p=0.021.) After adjustment for baseline HbA1c using a logistic regression model, the risk 

reduction was also similar (odds ratio, 0.72 [0.51-1.02]; p=0.068.)  Furthermore, the results of a 

sensitivity analysis using the date of the first HbA1c measurement ≥6.5% as the date of onset of 
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new diabetes gave a consistent hazard ratio of 0.68 (95% CI 0.50-0.94; p=0.019) in favor of 

dapagliflozin. 

	

Subgroup analysis  

There was no heterogeneity in the effect of dapagliflozin on diabetes prevention based on most key 

pre-specified subgroups, including sex, race, prediabetes status, NYHA class, and median baseline 

ejection fraction (at or below vs. above 32%). (See Supplemental Figure 1) The sole exceptions 

were age and baseline NT-proBNP levels. Younger individuals (≤65 years) and those with NT-

proBNP levels at or below the median appeared to garner a greater diabetes prevention benefit from 

active therapy than did older individuals ( ≥65 years) (interaction p value=0.04) and those with 

higher NTproBNP levels (interaction p value=0.01), respectively. These interactions, however, 

were not adjusted for multiple comparisons, and therefore could constitute chance findings.  

 

Effect of new-onset diabetes on risk of heart failure outcomes 

The relationship between new onset diabetes and heart failure outcomes is shown in Table 2. 

Amongst the primary and key secondary cardiovascular outcomes, we found two significant 

relationships with diabetes onset as a time-updated covariate. Following a new diagnosis of T2D, 

the rate of death from any cause was 16.6 per 100 patient-years compared to 7.2 for those who did 

not develop T2D during follow-up. The risk of death from any cause in patients with new onset 

T2D was more than two-fold that of patients who did not develop diabetes (unadjusted HR 2.20; 

95% CI 1.36-3.55). After adjustment for baseline variables and treatment assignment, this 

heightened risk remained significant (adjusted HR 1.70 [1.04-2.80]). Similar results were observed 

for death from cardiovascular causes. Considering the total number of heart failure hospitalizations 

(i.e., including recurrent events) and cardiovascular deaths, the event rates were 28.6 and 14.6 per 

100 patient-years in those with and without new onset DM, respectively, with an unadjusted HR of 
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1.90 (1.18-3.05; p=0.008). After adjustments, however, this was no longer significant (HR 1.37 

[0.83-2.24]). 

 

DISCUSSION 

In this exploratory analysis from the DAPA-HF trial, treatment with the SGLT2 inhibitor 

dapagliflozin reduced the risk of incident diabetes by 32%, an effect predominantly driven by 

individuals with prediabetes at baseline. The absolute risk reduction was 2.2% (95% CI 0.4-4.0%) 

with a number needed to treat (NNT) of 46 (95% CI 25-283) over 18 months for people with a 

diabetes incidence of 5.0 per 100 patient years. Of note the incidence rate in the placebo group was 

similar11 to or somewhat higher12-14 than those measured in other HFrEF trials in which incident 

diabetes was tracked. However, it was lower than that observed  in most traditional diabetes 

prevention trials which tended to be of longer duration, have generally enriched their cohorts for 

certain high-risk features (e.g., IGT, obesity) that ensured more frequent progression to diabetes, 

and used diagnostic techniques of greater sensitivity (e.g., oral glucose tolerance test.)15-19   

 

Previous metabolic studies in people with diabetes have demonstrated that SGLT2 inhibitors, in 

addition to reducing blood glucose and body weight, also improve insulin sensitivity20, decrease 

hyperinsulinemia20, and enhance pancreatic beta-cell function21. Each of these mechanisms, if they 

also occur in individuals in prediabetes, could serve to reduce their risk of developing T2D. In 

DAPA-HF, a large cardiovascular outcomes trial, we were not able to explore whether any of these 

mechanisms were responsible for dapagliflozin’s diabetes prevention effects. In this population, the 

potential additional benefit of increased physical activity in the dapagliflozin group, as suggested 

by improved scores on the Kansas City Cardiomyopathy Questionnaire (KCCQ)6, may have 

contributed. Indeed, HF is known to be an insulin resistant state, likely the result of increased stress 

hormones and decreased physical activity.22 Anything that improves HF may improve the metabolic 

milieu in which diabetes tends to develop. Due to a relatively small numbers of cases of new onset 
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diabetes, we could not conduct an analysis to determine whether improved functional scores 

occurred more often in those whose HbA1c remained in non-diabetic range. 

 

With the increasing prevalence of diabetes throughout the world, simple, safe and effective 

preventive strategies are needed. Lifestyle changes are widely and appropriately endorsed as the 

optimal initial strategy, with relative risk reduction (RRR) for new onset diabetes reported to be as 

high as 58%.16,23   Several medications have also been tested, with benefits from certain glucose-

lowering agents, such as metformin (RRR 31%)16, rosiglitazone and pioglitazone (52% to 

72%)17,19,24, and acarbose (25%).15 Treatment with anti-obesity drugs has also been assessed, with 

RRR in the same general range (orlistat, 37%25; topiramate/phentermine, 71 to 79%26, and 

liraglutide, 79%27; and lorcaserin, 23%28.) Finally, several ACE inhibitors and angiotensin II 

receptor blockers (ARBs) have been shown to reduce the incidence of new diabetes (by 25% in a 

early pooled meta-analysis)29, including valsartan (RRR 14%) in a dedicated diabetes prevention 

trial.18 Of specific interest in a heart failure population, candesartan therapy was demonstrated to 

lower the risk of diabetes by 22%.30 It is therefore significant that dapagliflozin reduced the risk of 

new onset diabetes even in heart failure patients, the vast majority of whom were treated with an 

ACE inhibitor or ARBs. Of all of these potential therapies, only metformin has been recommended 

by the ADA for diabetes prevention23 and only in the highest risk patients with prediabetes. This is 

based on its long safety record, low cost, and the fact that it is already considered ‘foundation 

therapy’ for early T2D. Of note, no drug has yet been formally approved by the US Food and Drug 

Administration (FDA) for the specific indication of diabetes prevention. 

 

Diabetes prevention studies have predominately focused on the progression of hyperglycemia and 

have not been powered to assess the impact of diabetes prevention on chronic vascular 

complications. Logically, if diabetes is prevented, patients would be at lower risk for developing 

microvascular complications, such as diabetic retinopathy or diabetic nephropathy. In the Diabetes 
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Prevention Program (DPP), the investigators did not find any overall differences in aggregate 

microvascular complications between the lifestyle, metformin and placebo groups.31 However, 

those trial participants who did not develop diabetes experienced less microvascular events than 

those who did.31 These data suggest that diabetes prevention could, over time, reduce at least some 

of the highly morbid complications of this disease.  

 

It is even more difficult to demonstrate any effect of diabetes prevention on macrovascular events, 

since atherosclerotic cardiovascular disease and its sequelae also develop in non-diabetic 

individuals and, moreover, are not as clearly related to the degree of hyperglycemia as are 

microvascular complications. In the DPP, those patients who were assigned to lifestyle intervention 

and who experienced reduced incidence of diabetes also enjoyed improvement in several 

cardiovascular risk factors -- but not in actual cardiovascular events.32 Indeed, any effect of diabetes 

prevention on actual cardiovascular complications may be difficult to confirm in a trial, given their 

multifactorial nature and the many years required for their evolution. In the Study to Prevent 

NIDDM (STOP-NIDDM) Trial, use of the alpha-glucosidase inhibitor acarbose reduced both the 

incidence of diabetes as well as that of myocardial infarction in IGT patients.33 However, the latter 

effect could not be confirmed in the larger Acarbose Cardiovascular Evaluation (ACE) trial.34 In 

Insulin Resistance Intervention after Stroke (IRIS) trial, treatment with the thiazolidinedione 

pioglitazone reduced the incidence of both stroke and myocardial infarction in an insulin resistant 

group of patients with recent stroke or transient ischemic attack (TIA)35 while also decreasing their 

development of new onset diabetes.24 It remains unknown, however, if these two effects were 

necessarily linked. Finally, indirect evidence from follow-up of the original Da Qing study cohort 

suggested that T2D prevention, at least through lifestyle changes, may eventually attenuate future 

all-cause mortality.36  
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DAPA-HF is noteworthy for diabetes specialists for three reasons. First, it is the first study to 

suggest a diabetes prevention effect from an SGLT2 inhibitor. Some might argue that diabetes 

prevention is not important in an older, sicker population of patients with limited life expectancy. 

However, this first foray into the field of diabetes prevention with SGLT2 inhibition could spark 

other trials in younger, healthier groups of patients  - who might benefit to a greater degree by 

avoiding or at least delaying incident diabetes..  Second, it is the first study to demonstrate that a 

single drug may prevent both diabetes and death, albeit in a specific group of patients with heart 

failure. Further investigation will, of course, be necessary to determine whether and to what extent 

these outcomes may be associated. Our finding that those patients who developed new onset 

diabetes had a higher mortality rate does not at all prove that diabetes prevention mediated this 

benefit. Indeed, in previous post-hoc analyses from other SGLT2i trials in patients with T2D, the 

cardiovascular benefits of this glucose-lowering class appear to be largely disassociated from its 

glucose-lowering effect.9,37 The patients who developed new-onset diabetes had more advanced 

heart failure at baseline and, therefore, were at higher risk initially. Also, since those participants 

who did not develop diabetes were more likely to be on dapagliflozin, our observations may be 

confounded by the effect of dapagliflozin on the cardiovascular outcomes, although we did adjust 

for randomized treatment assignment. Nonetheless, it is possible that preventing diabetes might 

play a role in improving heart failure outcomes since the coexistence of diabetes is known to 

worsen overall prognosis in heart failure patients. A recent large cohort study from Denmark, for 

example, revealed that the onset of diabetes after a first hospitalization for heart failure is associated 

with a nearly 50% higher mortality.38 Third, DAPA-HF is the first trial showing a reduction in 

incident diabetes without a significant effect on mean HbA1c. Each of the prior positive diabetes 

prevention trials that reported baseline and on-trial HbA1c levels have demonstrated small but 

significant differences in this biomarker of average glycemia between the active therapy and 

placebo groups.16,19,27,28 This has raised concerns that the diabetes “prevention” effects of the study 

drug may have merely reflected numerical reductions in glucose concentrations, and therefore 
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represented nothing more than a masking of the underlying disease process.39 Because there was no 

major change in mean HbA1c in the non-diabetic participants in DAPA-HF, such an argument may 

be less persuasive. Yet, since our outcome measure was essentially based on changes in HbA1c, 

differential effects of the two treatment arms on this measure at an individual patient level over 

time likely drove the risk reduction.  Admittedly, it is very difficult to disentangle the glucose 

lowering from the diabetes prevention effects of any diabetes medication.  Nonetheless, our 

findings may provide further insights into the underlying effect of SGLT2 inhibition on beta cell 

dysfunction in the progression from prediabetes to diabetes - a notion that will require further study 

of a more mechanistic nature. 

 

LIMITATIONS 

Our study has some several limitations. As noted, in diabetes prevention studies involving glucose 

lowering agents, questions arise as to whether the apparent reduction in the incidence of diabetes is 

measurable only because of transient reductions in glycemia, merely delaying diagnosis but not 

actually preventing disease progression per se. The lack of a significant effect of dapagliflozin on 

mean HbA1c may partially allay such concerns. Moreover, this may be a semantic argument since 

even a quantifiable delay in the diabetes diagnosis could still potentially mitigate the deleterious 

health effects of chronic hyperglycemia over time. We did not, however, conduct a wash-out at the 

end of the trial with retesting for diabetes to assess whether patients who remained non-diabetic 

during active therapy might experience an increased incidence after stopping study drug. 

Accordingly, we could not determine whether the effect of dapagliflozin on new onset diabetes 

would extend beyond the fixed duration of drug exposure. Traditional diabetes prevention trials 

have demonstrated a relatively rapid increase in diabetes incidence in a significant proportion of 

participants at the end of such a washout period.40 So prevention effects are likely to be strongest 

during active therapy with glucose-lowering agents and there is no a priori reason to think this 

would not be the case with an SGLT2i. In this event-driven heart failure study with a higher than 
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expected event rate for the primary outcome, the study duration was shorter than in most diabetes 

prevention trials. Whether the effect of dapagliflozin on new onset diabetes would persist beyond 

18 months is speculative. In the longer T2D prevention trials, the effects of the investigational agent 

appear to persist for up to 3-4 years with no narrowing of the event curves over time.16,17,25,27 

Because DAPA-HF was designed as a heart failure trial, we captured diabetes ‘events’ mainly on 

the basis of periodic measurement of HbA1c. We did not assess fasting plasma glucose or oral 

glucose tolerance, assessments which are more typical in standard diabetes prevention trials and, if 

performed, may potentially have affected the results.  We also did not measure erythropoietin levels 

(which have been reported to increase after SGLT2 inhibition.)  Conceivably increased red blood 

cell turnover, after erythropoietin stimulation might affect rates of hemoglobin glycation.  However, 

since the actual differences in HbA1c were minimal, we don’t feel this explains the differential 

effect on the incidence of new onset diabetes.  Finally, because of the population studied in DAPA-

HF, these data cannot necessarily be extrapolated to a non-HFrEF population, including those with 

heart failure with preserved ejection fraction (HFpEF) or those without heart failure.   

 

SUMMARY 

During active therapy, the SGLT2i dapagliflozin decreased the incidence of T2D by 32% in 2605 

participants in the DAPA-HF trial who did not have diabetes at baseline. This effect was principally 

driven by participants with prediabetes at baseline. Interestingly, this effect size is nearly identical 

to that demonstrated in the DPP with metformin16, the drug most commonly considered for use in 

diabetes prevention. While the major role of dapagliflozin in HFrEF is to reduce cardiovascular 

mortality and worsening of heart failure, decreasing the incidence of new diabetes may be 

considered an additional benefit. These data need to be confirmed with dapagliflozin and/or other 

SGLT2 inhibitors in trials of longer duration and in a broader population of patients with 

prediabetes who do not necessarily have heart failure. Finally, further investigation will also be 



 17 

required to explore any potential links between diabetes prevention and the cardiovascular benefits 

in this patient population.  



 18 

 
ACKNOWLEDGEMENTS 

 
Guarantor Statement 
SEI and KD are the guarantors of this work and, as such, had full access to all the data in the 
study and takes responsibility for the integrity of the data and the accuracy of the data analysis.  
 
 
Author Contribution Statement 
SEI wrote the manuscript,  developed the study, researched the data, and contributed to the 
discussion. KFD, PSJ, JJVM developed the study, collected and researched the data, contributed 
to the discussion and reviewed/edited the manuscript. LK, MNK, FAM. PP. MSS. SDS, OB, 
AML, MS developed the study, collected the data, contributed to the discussion, and 
reviewed/edited the manuscript. SV, JB, MB, CEC, RAdB, MD, AD, and CEAL collected the 
data, contributed to the discussion. and reviewed/edited the manuscript 
 
 
Sponsorship Statement 
DAPA-HF was supported by Astra-Zeneca.  

	
Conflicts	of	Interest	Statement	
SEI  reports personal fees and non-financial support from AstraZeneca during the conduct of the 
study, in addition to personal fees from AstraZeneca, Sanofi/Lexicon, Merck, Abbott/Alere, vTv 
Therapeutics, and Esperion outside the submitted work, and personal fees and non-financial 
support from Boehringer Ingelheim and Novo Nordisk outside the submitted work. KFD reports 
payments to his institution from AstraZeneca during the conduct and analysis of the study; grants 
from Novartis, and personal fees from Eli Lilly, outside the submitted work. LK reports payments 
to his institution from Astra-Zeneca during the conduct of the study; personal fees from Novartis 
and Bristol-Myers Squibb as speaker, outside the submitted work.  MNK reports personal fees 
from AstraZeneca during the conduct of the study in addition to grants, personal fees and other 
from AstraZeneca outside the submitted work, grants and personal fees from Boehringer 
Ingelheim, personal fees from Sanofi, Amgen, NovoNordisk, Merck (Diabetes), Janssen, Bayer, 
Novartis, Applied therapeutics, Amarin, Eli Lilly, and Vifor Pharma, outside the submitted work. 
FAM reports personal fees from AstraZeneca, during the conduct of the study. PP reports 
personal fees from AstraZeneca and clinical trial participation with AstraZeneca,  during the 
conduct of the study; clinical trial participation with and personal fees from Boehringer 
Ingelheim, Vifor Pharma, Bayer, RenalGuard, BMS, Cibiem, Novartis, and personal fees from 
Respicardia, Berlin-Chemie, Pfizer, Servier outside the submitted work. MSS reports grants and 
personal fees from AstraZeneca, during the conduct of the study; personal fees from Althera, 
grants and personal fees from Amgen, personal fees from Anthos Therapeutics, grants from 
Bayer, personal fees from Bristol-Myers Squibb, personal fees from CVS Caremark, grants from 
Daichii-Sankyo, personal fees from Dalcor, personal fees from Dr. Reddy's Laboratories, 
personal fees from Dyrnamix, grants from Eisai, personal fees from Esperion, personal fees from 
IFM Therapeutics, grants and personal fees from Intarcia, grants and personal fees from Jansen 
Research and Development, grants and personal fees from Medicine Company, grants and 
personal fees from Medimmune, grants and personal fees from Merck, grants and personal fees 
from Novartis, grants from Pfizer, grants from Quark Pharmaceuticals, grants from Takeda, 
outside the submitted work;  and is a member of the TIMI Study Group, which has also received 
institutional research grant support through Brigham and Women’s Hospital from: Abbott, 
American Heart Association, Aralez, Roche, and Zora Biosciences. SDS reports grants from 
AstraZeneca, during the conduct of the study; grants and personal fees from Alnylam, Amgen, 
AstraZeneca, BMS, Gilead, GSK, MyoKardia, Novartis, Theracos, Bayer,Cytokinetics; grants 
from Bellerophon, Celladon, Ionis, Lone Star Heart, Mesoblast, NIH/NHLBI, Sanofi Pasteur 
Eidos; personal fees from Akros, Corvia, Ironwood, Merck, Roche, Takeda, Quantum Genomics, 
AoBiome, Janssen, Cardiac Dimensions, Tenaya, Daichi-Sankyo, Cardurion, and Eko.Ai,  
outside the submitted work. SV reports grants and personal fees from Boehringer-Ingelheim, 



 19 

AstraZeneca,Janssen; personal fees from Eli Lilly, EOCI Pharmacomm Ltd, Sun 
Pharmaceuticals, Toronto Knowledge Translation Working Group, during the conduct of the 
study; grants and personal fees from Amgen, Bayer, Merck, grants from Bristol-Myers Squibb, 
personal fees from HLS Therapeutics, Novartis, Novo Nordisk, and Sanofi, outside the submitted 
work. JB reports personal fees from AstraZeneca, during the conduct of the study; personal fees 
from Novartis, Pfizer, and Getinge, outside the submitted work. MB reports personal fees from 
Amgen, Bayer, Servier, Medtronic, Boehringer Ingelheim, Vifor, Bristol Myers Squibb, grants 
and personal fees from AstraZeneca, and grants from Deutsche Forschungsgemeinschaft, outside 
the submitted work. CEC reports personal fees from AstraZeneca, Bayer, Boehringer Ingelheim, 
Daiichi-Sankyo, MSD, Novartis, Pfizer, and Sanofi, outside the submitted work. RAdB reports 
grants to his institution from AstraZeneca, Abbott, Bristol Myers Squibb, NovoNordisk, and  
Roche, and personal fees AstraZeneca, Abbott, Novartis, and Roche, outside the submitted work. 
MD reports personal fees from AstraZeneca during the conduct of the study. MD reports no 
potential conflicts of interest relevant to this article. AD reports no potential conflicts of interest 
relevant to this article. CEAL reports financial support for clinical trial participation from 
AstraZeneca during the conduct of the study; and personal fees from Astra Zeneca, Novartis, and 
Pfizer, outside the submitted work. OB is a full-time employee of AstraZeneca. AML is a full 
time employee of and shareholder in AstraZeneca. MS is a full time employee of and shareholder 
in AstraZeneca. PSJ reports payments from AstraZeneca (to his institution for involvement in the 
DAPA-HF trial during the conduct of the study) and personal fees from Novartis and 
Cytokinetics, and grants from Boehringer Ingelheim, outside the submitted work. JVVM reports 
nonfinancial support and payments from AstraZeneca to his institution for involvement in the 
DAPA-HF trial during the conduct of the study; nonfinancial support and other from 
Cardiorentis, Amgen, Oxford University/Bayer, Theracos, Abbvie, Novartis, Glaxo Smith Kline, 
Vifor-Fresenius, Kidney Research UK, and Novartis, as well as other support from Bayer, 
DalCor, Pfizer, Merck, Bristol Myers, and Squibb, outside the submitted work. 

 



 20 

 
REFERENCES 

 

1. American Diabetes Association. Classification and diagnosis of diabetes: Standards of Medical Care in 
Diabetes – 2020. Diabetes Care 2020;43:S14–S31 

2. Haw JS, Galaviz KI, Straus AN, Kowalski AJ, Magee MJ, Weber MB, Wei J, Narayan KMV, Ali MK. 
Long-term sustainability of diabetes prevention approaches: A systematic review and meta-analysis of 
randomized clinical trials. JAMA Intern Med 2017;177:1808-1817. 

3. Zelniker TA, Braunwald E. Clinical benefit of cardiorenal effects of sodium-glucose cotransporter 2 
inhibitors: JACC State-of-the-Art Review. J Am Coll Cardiol 2020;75:435-447 

4. McMurray JJV, Solomon SD, Inzucchi SE, Køber L, Kosiborod MN, Martinez FA, Ponikowski P, 
Sabatine MS, Anand IS, Bělohlávek J, Böhm M, Chiang CE, Chopra VK, de Boer RA, Desai AS, Diez 
M, Drozdz J, Dukát A, Ge J, Howlett JG, Katova T, Kitakaze M, Ljungman CEA, Merkely B, Nicolau 
JC, O'Meara E, Petrie MC, Vinh PN, Schou M, Tereshchenko S, Verma S, Held C, DeMets DL, 
Docherty KF, Jhund PS, Bengtsson O, Sjöstrand M, Langkilde AM; DAPA-HF Trial Committees and 
Investigators.  Dapagliflozin in patients with heart failure and reduced ejection fraction. N Engl J Med 
2019;381:1995-2008 

5. McMurray JJV, DeMets DL, Inzucchi SE, Køber L, Kosiborod MN, Langkilde AM, Martinez FA, 
Bengtsson O, Ponikowski P, Sabatine MS,  Sjostrand M, Solomon SD, DAPA-HF Committees and 
Investigators. A trial to evaluate the effect of the sodium-glucose co-transporter 2 inhibitor dapagliflozin 
on morbidity and mortality in patients with heart failure with reduced left ventricular ejection fraction 
(DAPA-HF.) Eur J Heart Fail 2019;21:665-675 

6. Kosiborod MN, Jhund PS, Docherty KF, Diez M, Petrie MC, Verma S, Nicolau JC, Merkely B, Kitakaze 
M, DeMets DL, Inzucchi SE, Køber L, Martinez FA, Ponikowski P, Sabatine MS, Solomon SD, 
Bengtsson O, Lindholm D, Niklasson A, Sjöstrand M, Langkilde AM, McMurray JJV. Effects of 
dapagliflozin on symptoms, function, and quality of life in patients with heart failure and reduced 
ejection fraction: Results from the DAPA-HF trial. Circulation 2020;141:90-99 

7. Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a competing risk. J Am Stat 
Assoc 1999;94:496–509 

8. Lin DY, Wei LJ, Yang I, Ying Z. Semiparametric regression for the mean and rate functions of recurrent 
events. J R Stat Soc Series B Stat Methodol 2000;62:711-730 

9. Petrie MC, Verma S, Docherty KF, Inzucchi SE, Anand I, Belohlávek J, Böhm M, Chiang CE, Chopra 
VK, de Boer RA, Desai AS, Diez M, Drozdz J, Dukát A, Ge J, Howlett J, Katova T, Kitakaze M, 
Ljungman CEA, Merkely B, Nicolau JC, O'Meara E, Vinh PN, Schou M, Tereshchenko S, Køber L, 
Kosiborod MN, Langkilde AM, Martinez FA, Ponikowski P, Sabatine MS, Sjöstrand M, Solomon SD, 
Johanson P, Greasley PJ, Boulton D, Bengtsson O, Jhund PS, McMurray JJV. Effect of dapagliflozin on 
worsening heart failure and cardiovascular death in patients with heart failure with and without diabetes. 
JAMA 2020;323:1353-1368 

10. International Expert Committee. International Expert Committee report on the role of the A1C assay in 
the diagnosis of diabetes. Diabetes Care. 2009;32:1327-1334 

11. Torp-Pedersen C, Metra M, Charlesworth A, Spark P, Lukas MA, Poole-Wilson PA, Swedberg K, 
Cleland JG, Di Lenarda A, Remme WJ, Scherhag A, COMET Investigators. Effects of metoprolol and 
carvedilol on pre-existing and new onset diabetes in patients with chronic heart failure: Data from the 
Carvedilol or Metoprolol European Trial (COMET). Heart. 2007;93:968-973 

12. Yusuf S, Ostergren JB, Gerstein HC, Pfeffer MA, Swedberg K, Granger CB, Olofsson B, Probstfield J, 
McMurray JV, CHARM Program Investigators. Effects of candesartan on the development of a new 
diagnosis of diabetes mellitus in patients with heart failure. Circulation. 2005;112:48-53 

13. Kjekshus J, Apetrei E, Barrios V, Böhm M, Cleland JG, Cornel JH, Dunselman P, Fonseca C, Goudev 
A, Grande P, Gullestad L, Hjalmarson A, Hradec J, Jánosi A, Kamenský G, Komajda M, Korewicki J, 
Kuusi T, Mach F, Mareev V, McMurray JJ, Ranjith N, Schaufelberger M, Vanhaecke J, van Veldhuisen 
DJ, Waagstein F, Wedel H, Wikstrand J, CORONA Group. Rosuvastatin in older patients with systolic 
heart failure. N Engl J Med. 2007;357:2248-2261 

14. Kristensen SL, Mogensen UM, Tarnesby G, Gimpelewicz CR, Ali MA, Shao Q, Chiang Y, Jhund PS, 
Abraham WT, Dickstein K, McMurray JJV, Køber L. Aliskiren alone or in combination with enalapril 
vs. enalapril among patients with chronic heart failure with and without diabetes: A subgroup analysis 
from the ATMOSPHERE trial. Eur J Heart Fail 2018;20:136-147 

15. Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M; STOP-NIDDM Trail Research 
Group. Acarbose for prevention of type 2 diabetes mellitus: The STOP-NIDDM randomised trial. 
Lancet. 2002;359:2072-2077 

16. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA, Nathan DM, 
Diabetes Prevention Program Research Group. Reduction in the incidence of type 2 diabetes with 
lifestyle intervention or metformin. N Engl J Med 2002;346:393-403  



 21 

17. DREAM Trial Investigators, Gerstein HC, Yusuf S, Bosch J, Pogue J, Sheridan P, Dinccag N, Hanefeld 
M, Hoogwerf B, Laakso M, Mohan V, Shaw J, Zinman B, Holman RR. Effect of rosiglitazone on the 
frequency of diabetes in patients with impaired glucose tolerance or impaired fasting glucose: a 
randomised controlled trial. Lancet 2006;368:1096-1105 

18. The NAVIGATOR Study Group, McMurray JJ, Holman RR, Haffner SM, Bethel MA, Holzhauer B, 
Hua TA, Belenkov Y, Boolell M, Buse JB, Buckley BM, Chacra AR, Chiang FT, Charbonnel B, Chow 
CC, Davies MJ, Deedwania P, Diem P, Einhorn D, Fonseca V, Fulcher GR, Gaciong Z, Gaztambide S, 
Giles T, Horton E, Ilkova H, Jenssen T, Kahn SE, Krum H, Laakso M, Leiter LA, Levitt NS, Mareev V, 
Martinez F, Masson C, Mazzone T, Meaney E, Nesto R, Pan C, Prager R, Raptis SA, Rutten GE, 
Sandstroem H, Schaper F, Scheen A, Schmitz O, Sinay I, Soska V, Stender S, Tamás G, Tognoni G, 
Tuomilehto J, Villamil AS, Vozár J, Califf RM. Effect of valsartan on the incidence of diabetes and 
cardiovascular events. N Engl J Med 2010;362:1477-1490 

19. DeFronzo RA, Tripathy D, Schwenke DC, Banerji M, Bray GA, Buchanan TA, Clement SC, Henry RR, 
Hodis HN, Kitabchi AE, Mack WJ, Mudaliar S, Ratner RE, Williams K, Stentz FB, Musi N, Reaven PD, 
ACT NOW Study. Pioglitazone for diabetes prevention in impaired glucose tolerance. N Engl J Med 
2011;364:1104-1115 

20. Merovci A, Solis-Herrera C, Daniele G, et al. Dapagliflozin improves muscle insulin sensitivity but 
enhances endogenous glucose production. J Clin Invest 2014;124:509‐514 

21. Al Jobori H, Daniele G, Adams J, Cersosimo E, Solis-Herrera C, Triplitt C, DeFronzo RA, Muhammad 
Abdul-Ghani M. Empagliflozin treatment is associated with improved β-cell function in type 2 diabetes 
mellitus, J Clin Endocrinol Metab 2018;103:1401-1407	

22. Kostis JB, Sanders M. The association of heart failure with insulin resistance and the development of 
type 2 diabetes. Am J Hypertens 2005;18:731-737	

23. Nathan DM, Davidson MB, DeFronzo RA, Heine RJ, Henry RR, Pratley R, Zinman B, American 
Diabetes Association. Impaired fasting glucose and impaired glucose tolerance: Implications for care. 
Diabetes Care 2007;30:753-759 

24. Inzucchi SE, Viscoli CM, Young LH, Furie KL, Gorman M, Lovejoy AM, Dagogo-Jack S, Ismail-Beigi 
F, Korytkowski MT; Richard E. Pratley RE Schwartz GG, A, Kernan WN, IRIS Trial Investigators. 
Pioglitazone prevents diabetes in insulin-resistant patients with cerebrovascular disease. Diabetes Care 
2016;39:1684-1692 

25. Torgerson JS, Hauptman J, Boldrin MN, Sjostrom L. Xenical in the prevention of diabetes in obese 
subjects (XENDOS) study: A randomized study of orlistat as an adjunct to lifestyle changes for the 
prevention of type 2 diabetes in obese patients. Diabetes Care 2004;27:155-161 

26. Garvey WT, Ryan DH, Henry R, Bohannon NJ, Toplak H, Schwiers M, Troupin B, Day WW. 
Prevention of type 2 diabetes in subjects with prediabetes and metabolic syndrome treated with 
phentermine and topiramate extended release. Diabetes Care 2014;37:912-921 

27. le Roux CW, Astrup A, Fujioka K, Greenway F, Lau DCW, Van Gaal L, Ortiz RV, Wilding JPH, Skjøth 
TV, Manning LS, Pi-Sunyer X, SCALE Obesity Prediabetes NN8022-1839 Study Group. 3 years of 
liraglutide versus placebo for type 2 diabetes risk reduction and weight management in individuals with 
prediabetes: A randomised, double-blind trial. Lancet 2017;389:1399-1409 

28. Bohula EA, Scirica BM, Inzucchi SE, McGuire DK, Keech AC, Smith SR, Kanevsky E, Murphy SA, 
Leiter LA, Dwyer JP, Corbalan R, Hamm C, Kaplan L, Nicolau JC, Ophuis TO, Ray KK, Ruda M, 
Spinar J, Patel T, Miao W, Perdomo C, Francis B, Dhadda S, Bonaca MP, Ruff CT, Sabatine MS, 
Wiviott SD, CAMELLIA-TIMI 61 Steering Committee Investigators. Effect of lorcaserin on prevention 
and remission of type 2 diabetes in overweight and obese patients with lorcaserin in overweight and 
obese patients. CAMELLIA-TIMI 61: A randomized, placebo-controlled trial. Lancet 2018;392:2269-
2279 

29. Abuissa H, Jones PG, Marso SP, O'Keefe JH. Angiotensin-converting enzyme inhibitors or angiotensin 
receptor blockers for prevention of type 2 diabetes: A meta-analysis of randomized clinical trials. J Am 
Coll Cardiol 2005;46:821-826 

30. Yusuf S, Ostergren JB, Gerstein HC, Pfeffer MA, Swedberg K, Granger CB, Olofsson B, Probstfield J, 
McMurray JV; Candesartan in Heart Failure-Assessment of Reduction in Mortality and Morbidity 
Program Investigators. Effects of candesartan on the development of a new diagnosis of diabetes mellitus 
in patients with heart failure. Circulation 2005;11:48-53 

31. Diabetes Prevention Program Research Group. Long-term effects of lifestyle intervention or metformin 
on diabetes development and microvascular complications over 15-year follow-up: the Diabetes 
Prevention Program Outcomes Study. Lancet Diabetes Endocrinol 2015;3:866-875 

32. Nathan DM, Bennett PH, Crandall JP, Edelstein SL, Goldberg RB, Kahn SE, Knowler WC, Mather KJ, 
Mudaliar S, Orchard TJ, Temprosa M, White NH; DPP Research Group. Does diabetes prevention 
translate into reduced long-term vascular complications of diabetes? Diabetologia 2019;62:1319-1328 

33. Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M; STOP-NIDDM Trial Research 
Group. Acarbose treatment and the risk of cardiovascular disease and hypertension in patients with 
impaired glucose tolerance: the STOP-NIDDM trial. JAMA 2003;290:486-494 



 22 

34. Holman RR, Coleman RL, Chan JCN, Chiasson JL, Feng H, Ge J, Gerstein HC, Gray R, Huo Y, Lang Z, 
McMurray JJ, Rydén L, Schröder S, Sun Y, Theodorakis MJ, Tendera M, Tucker L, Tuomilehto J, Wei 
Y, Yang W, Wang D, Hu D, Pan C; ACE Study Group. Effects of acarbose on cardiovascular and 
diabetes outcomes in patients with coronary heart disease and impaired glucose tolerance (ACE): A 
randomised, double-blind, placebo-controlled trial. Lancet Diabetes Endocrinol 2017;5:877-886 

35. Kernan WN, Viscoli CM, Furie KL, Young LH, Inzucchi SE, Gorman M, Guarino PD, Lovejoy AM, 
Peduzzi PN; Conwit R, Brass LM, Schwartz GG, Adams HP, Berger L, Carolei A,  Clark W, Coull B, 
Ford GA, Kleindorfer D, O’Leary J, Parsons MW, Peter Ringleb P, Sen S, Spence JD, Tanne D, Wang 
D,  Winder TR, IRIS Trial Investigators. Pioglitazone after ischemic stroke or transient ischemic attack. 
N Engl J Med 2016;374:1321-1331 

36. Gong Q, Zhang P, Wang J, Ma J, An Y, Chen Y, Zhang B, Feng X, Li H, Chen X, Cheng YJ, Gregg 
EW, Hu Y, Bennett PH, Li G, Da Qing Diabetes Prevention Study Group Morbidity and mortality after 
lifestyle intervention for people with impaired glucose tolerance: 30-year results of the Da Qing Diabetes 
Prevention Outcome Study.. Lancet Diabetes Endocrinol 2019;7:452-461.  

37. Inzucchi SE, Kosiborod M, Fitchett D, Wanner C, Hehnke U, Lee J, Kaspers S, George JT, Zinman B. 
Improvement in cardiovascular outcomes with empagliflozin is independent of glycemic control. 
Circulation 2018;138:1904-1907 

38. Zareini B, Rørth R, Holt A, Mogensen UM, Selmer C, Gislason G, Schou M, Køber L, Torp-Pedersen C, 
Lamberts M, Kristensen SL. Heart failure and the prognostic impact and incidence of new-onset of 
diabetes mellitus: a nationwide cohort study. Cardiovasc Diabetol 2019;18:79-88 

39. Scheen AJ. Preventing, delaying, or masking type 2 diabetes with metformin in the diabetes prevention 
program? Diabetes Care 2003;26:2701 

40. Diabetes Prevention Program Research Group. Effects of withdrawal from metformin on the  
development of diabetes in the Diabetes Prevention Program. Diabetes Care 2003;26:977-80 

 
 

 



 23 

 
 

Figure Legends 
 

 
Figure 1. HbA1c levels over time in the dapagliflozin vs. placebo groups   

Panel A represents all patients without diabetes at baseline. In Panel B solid lines represent trial 

participants with prediabetes at baseline (HbA1c 5.7-6.4%) and dashed lines represent patients 

with normoglycemia at baseline (HbA1c <5.7%) In both groups, HbA1c changed minimally over 

time, with placebo-adjusted changes of -0.04% and -0.05% at eight months, respectively in the 

dapagliflozin groups. 

 
 
Figure 2. Incidence of new onset T2D in dapagliflozin vs. placebo groups 

The hazard ratio for incident T2D in the dapagliflozin group compared with placebo was 0.68 

(95% CI, 0.50-0.94; p=0.019), with an early divergence of the event curves. 

 

Supplemental Figure 1. Effect of dapagliflozin on incident diabetes by relevant subgroups 

No heterogeneity of the treatment effect on incident T2D was found except for nominal 

interactions for age and baseline NT-proBNP.  
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Table 1: Baseline characteristics by new onset T2D status in patients without T2D at 
baseline 

 No New Onset T2D New Onset T2D p-value 
 N=2448 N=157  
Age – yr  66.2±11.7 66.7±10.7 0.55 
Sex -  no (%)   0.86 
Female 593 (24.2) 39 (24.8)  
Male 1,855 (75.8) 118 (75.2)  
Race – no. (%)†   0.41 
White 1,731 (70.7) 113 (72.0)  
Asian 593 (24.2) 32 (20.4)  
Black or African American 89 (3.6) 9 (5.7)  
Other 35 (1.4) 3 (1.9)  
Region – no.  (%)   0.31 
Asia/Pacific 586 (23.9) 31 (19.7)  
Europe 1,129 (46.1) 74 (47.1)  
North America 324 (13.2) 18 (11.5)  
South America 409 (16.7) 34 (21.7)  
Body-mass index§ 27.1±5.7 28.5±5.9 0.003 
HbA1c – % 5.7±0.4 6.2±0.3 <0.001 
Estimated GFR    
Mean – ml/min/1.73 m2 68.2±19.3 61.5±17.4 <0.001 
Rate < 60 ml/min/1.73 m2 – no. (%) 868 (35.5) 76 (48.4) 0.001 
Systolic Blood Pressure – mmHg 120.6±16.0 120.8±17.3 0.84 
NYHA functional classification – no.  (%)   0.40 
II 1,737 (71.0) 104 (66.2)  
III 692 (28.3) 51 (32.5)  
IV 19 (0.8) 2 (1.3)  
Left ventricular ejection fraction – % 30.9±6.9 30.5±6.8 0.42 
Median NT-proBNP (IQR) –  pg/ml 1406 (828-2463) 1585 (832-2984) 0.20 
Median KCCQ-TSS (IQR) 79.2 (61.5-92.7) 75.0 (60.4-88.5) 0.049 
Principal cause of heart failure – no. (%)   0.12 
Ischemic  1,249 (51.0) 92 (58.6)  
Non-ischemic 983 (40.2) 50 (31.8)  
Unknown 216 (8.8) 15 (9.6)  
Medical history – no. (%)    
Prior hospitalization for heart failure  1,128 (46.1) 74 (47.1) 0.80 
Atrial fibrillation 950 (38.8) 72 (45.9) 0.079 
Heart failure medication – no (%)    
Diuretic 1982 (81.0) 142 (90.4) 0.003 
ACE-inhibitor 1,402 (57.3) 87 (55.4) 0.65 
ARB 645 (26.3) 47 (29.9) 0.32 
Sacubitril-valsartan 266 (10.9) 13 (8.3) 0.31 
Beta-blocker 2,338 (95.5) 153 (97.5) 0.25 
Mineralocorticoid receptor antagonist 1,728 (70.6) 113 (72.0) 0.71 
Digitalis 421 (17.2) 37 (23.6) 0.042 
Statin 1,494 (61.0) 113 (72.0) 0.006 
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Data presented as mean (SD) unless otherwise indicated.  
Percentages may not total 100 because of rounding.  
ACE denotes angiotensin-converting enzyme, ARB angiotensin-receptor blocker, GFR 
glomerular filtration rate, IQR interquartile range, LVEF left ventricular ejection fraction, MRA 
mineralocorticoid receptor antagonist, N-terminal pro-B-type natriuretic peptide and NYHA New 
York Heart Association. KCCQ-TSS Kansas City Cardiomyopathy Questionnaire total symptom 
score - range from 0 to 100, with higher scores indicating fewer symptoms and physical 
limitations associated with heart failure. A score of 75 or above is considered to reflect 
satisfactory health status. 
† Race was reported by the investigators 
§ The body-mass index is the weight in kilograms divided by the square of the height in meters. 
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Table 2: Primary and key secondary outcomes with the event of new-onset T2D as a time-
updated covariate. 
 

 Event rate/100 PY Unadjusted HR (95% 
CI) 

Adjusted HR (95% 
CI)* 

All-cause mortality  
No new-onset T2D (n=2448) 7.2 (6.4-8.1) 1.00 1.00 
New-onset T2D (n=157) 16.6 (10.5-26.3) 2.20 (1.36-3.55); p=0.001 1.70 (1.04-2.80); p=0.035 
Cardiovascular death 
No new-onset T2D (n=2448) 5.8 (5.1-6.7) 1.00 1.00 
New-onset T2D (n=157) 14.7 (9.0-24.1) 2.43 (1.46-4.06); p=0.001 1.77 (1.04-3.02); p=0.035 
Total HF hospitalizations (including recurrent) and cardiovascular death** 
No new-onset T2D (n=2448) 14.6 (13.4-15.9) 1.00 1.00 
New-onset T2D (n=157) 28.6 (20.1-40.6) 1.90 (1.18-3.05); p=0.008 1.37 (0.83-2.24); p=0.22 

 

*Adjusted for randomized treatment, age, sex, region, race, NYHA functional classification, left 
ventricular ejection fraction, body mass index, pulse, systolic blood pressure, serum creatinine, 
log NT-proBNP, history of previous HF hospitalization, atrial fibrillation, stroke, myocardial 
infarction, hypertension, ischemic etiology and use of implantable cardioverter defibrillator 
and/or cardiac resynchronization therapy.   

**Estimates presented are rate rat


