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Abstract

Background—Glucagon-like peptide-1 (GLP-1) agonists and dipeptidyl peptidase-4 (DPP-4) 

inhibitors (GLP-1 agents) may be protective in heart failure (HF). We set out to determine whether 

GLP-1 agent use is associated with HF risk in diabetics.

Methods and Results—Retrospective cohort study of members of a large health system. We 

identified >19,000 adult diabetics from January 1, 2000–July 1, 2012. GLP-1 agent users were 

matched 1:2 to controls using propensity matching based on age, race, gender, coronary disease, 

HF, diabetes duration, and number of anti-diabetic medications. The association of GLP-1 agents 

with time to HF hospitalization was tested with multivariable Cox regression. All-cause 

hospitalization and mortality were secondary endpoints. We identified 1,426 users of GLP-1 

agents and 2,798 controls. Both were similar except for angiotensin-converting enzyme inhibitors/

angiotensin receptor blocker (ACEi/ARB) use, number of anti-diabetic medications and age. 

There were 199 hospitalizations, of which 128 were for HF, and 114 deaths. GLP-1 agents were 

associated with reduced risk of HF hospitalization (adjusted hazard ratio [aHR] 0.51; 95% 

confidence interval [CI] 0.34–0.77, p=0.002), all-cause hospitalization (aHR 0.54; 95% CI 0.38–

0.74, p=0.001), and death (aHR 0.31; 95% CI 0.18–0.53, p=0.001).

Conclusions—GLP-1 agents may reduce the risk of HF events in diabetics.
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INTRODUCTION

Heart failure (HF) continues to be an enormous public health problem in the U.S. with a 

prevalence of 5.7 million individuals affected, an incidence of over 500,000 new cases 

annually (1) and an estimated 5-year mortality rate of 50% (2). Insulin resistance and 

diabetes mellitus (DM) have long been recognized as important risk factors for the 

development of HF. Data from the Framingham Heart Study indicate that men and women 

with DM are 4–5 times more likely to develop HF, even after controlling for other risk 

factors such as coronary artery disease (CAD) and valvular heart disease (3). Even early 

manifestations of insulin resistance, such as the metabolic syndrome, have been associated 

with increased risk of incident HF (4, 5). Additionally, DM worsens functional capacity and 

clinical outcomes in patients with established HF (6–8). With this important association in 

mind, attention has been given to examining the cardiovascular (CV) effects of anti-diabetic 

medications on outcomes in patients with HF.

Agents that target the GLP-1 pathway, including GLP-1 agonists and dipeptidyl-peptidase-4 

(DPP-4) inhibitors, have recently received much attention. GLP-1 is an incretin hormone 

that leads to a rapid rise in circulating insulin levels after nutrient intake, and it is quickly 

inactivated in circulating blood by the enzyme DPP-4 (9). Studies in animal models and 

small human trials have shown that these agents appear to have favorable CV effects 

relevant to HF, including improved hemodynamics and exercise capacity (10–13). However, 

the actual clinical relevance to HF patients remains largely unknown.

Recently completed randomized controlled trials have shown that DPP-4 inhibitors 

saxagliptin and alogliptin do not have a significant impact on major adverse cardiac events 

related to atherosclerotic CV disease (14, 15). However, the trials did not primarily address 

the effect of these agents on heart failure outcomes in diabetics. To inquire into this 

knowledge gap, we performed a retrospective, propensity-matched analysis to determine 

whether exposure to agents affecting the GLP-1 pathway (GLP-1 agonists and DPP-4 

inhibitors, collectively referred to here as ‘GLP-1 agents’) is associated with time to first 

hospitalization for HF in patients with DM.

METHODS

Study Population

We performed a retrospective cohort study of subjects receiving care through Henry Ford 

Health System, a vertically integrated health system serving the primary and specialty health 

care needs of individuals in southeast Michigan. The system includes several hospitals, a 

multi-specialty physician group of approximately 1000 physicians, and an affiliated health 

maintenance organization (HMO). The system maintains a central repository of 

administrative data, which we queried for this study. For the subset of patients enrolled in 

the HMO, data included insurance claims information, as well as enrollment and 

disenrollment dates. The study population was limited to individuals who were continuously 

enrolled in the HMO for at least 1 year before the DM diagnosis and who received care 

through system physicians. Therefore, we had information available for health care visits 

and prescription fills, both within and outside the health system. Using electronic data 
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sources, we identified patients ≥ 18 years of age with a primary diagnosis of DM, an oral 

anti-diabetic drug fill, and no prior diagnosis of HF between January 1, 2000 and July 1, 

2012. Patients were followed until the first of the following events: a HF hospitalization, 

death, disenrollment from the health plan, or the end of follow-up on July 1, 2012. The study 

was approved by the Institutional Review Board at Henry Ford Hospital.

Data Sources

Data for this study was obtained from electronic administrative databases maintained by the 

health system and vital records from the Michigan Department of Community Health. The 

administrative data captured claims (i.e., coded diagnoses, procedures, and prescription fills) 

occurring both within and outside the health system. A master patient index contained 

demographic data (i.e., date of birth, sex and race). Laboratory results were available for 

tests performed within the health system. The Michigan State Division of Vital Records and 

Health Statistics was queried with the patient social security numbers to identify deaths.

Statistical Analysis

We identified patients with a diagnosis of DM with an oral medication fill and without a 

previous diagnosis of HF between January 1, 2000 and July 1, 2012. Those initiating 

treatment with a GLP-1 agonist of DPP-4 inhibitor (‘GLP-1 agents’) were matched 1:2 to 

controls using propensity score matching. Logistic regression was used to predict the use of 

a GLP-1 agent and then generate a propensity score. This regression model was adjusted for 

age, sex, race, DM duration, number of anti-diabetic drugs and CAD. Patients prescribed 

and not prescribed a GLP-1 agent were assigned in a 1:2 match where the propensity scores 

were matched to 0.001. Chi-squared tests for categorical responses and Student’s t-test for 

continuous variables were used to compare the groups on the propensity matching variables, 

duration of diabetes, number of anti-diabetic drugs, beta-blocker use, ACEi/ARB use, 

ejection fraction, myocardial infarction (MI), hypertension, kidney disease, peripheral 

arterial disease, stroke and chronic obstructive pulmonary disease.

Time to first hospitalization for HF was the primary endpoint for this study. Hospitalization 

for HF was the first inpatient admission with a primary discharge diagnosis of HF during the 

period of observation. A primary hospital discharge diagnosis of HF has been shown by our 

group and others to be a highly specific claim signature for HF (specificity 95–100%)(16, 

17). Secondary endpoints included all-cause hospitalization and all-cause mortality. 

Secondary endpoints were also analyzed based on GLP-1 agonist or DPP-4 inhibitor use.

Multivariable Cox proportional hazards regression was used to model the association of 

treatment with a GLP-1 agent with time to first hospitalization for HF and other outcomes. 

Each model included the propensity score, number of anti-diabetic drugs, duration of 

diabetes, baseline beta-blocker use and ACEi/ARB use.

RESULTS

We identified more than 19,000 patients with a diagnosis of DM with an oral medication fill 

and without a previous diagnosis of HF between January 1, 2000 and July 1, 2012. A total of 

1,426 new users of GLP-1 agents and 2,798 propensity score-matched (for age, race, gender, 
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duration of diabetes, and number of anti-diabetic medications) controls were identified. The 

groups were well-matched overall, although there were statistically significant differences in 

age, number of anti-diabetic drugs taken and ACEi/ARB use. Patients in the GLP-1 group 

were slightly younger (GLP-1 group 60 ± 11.4 vs. control group 61.2 ± 12.4 years, p=0.003) 

and took less concomitant anti-diabetic drugs when compared with controls (GLP-1 group, 

1.35 medications ± 0.87 vs. control group 1.53 ± 0.60 medications, p=0.001). Hypertension 

was the most common comorbidity, and there were similar prevalences of other comorbid 

conditions between groups. Patients in both groups had a very low rate of established CV 

disease including CAD, prior MI, stroke and peripheral arterial disease. Use of beta-blockers 

was similar between the groups, while the control group showed greater ACEi/ARB use 

(GLP-1 group 62.1% vs. control group 66.7%, p=0.003) (Table 1). With regards to 

concurrent anti-diabetic drugs, approximately half of the patients in each group were treated 

with a biguanide (GLP-1 group 48.4% vs. control group 41.1%, p=0.09) and close to 30% 

were treated with a sulfonylurea (GLP-1 group 27.6% vs. control group 29%, p=0.344). A 

higher proportion of patients in the control group were treated with insulin (GLP-1 group 

5.8% vs. control group 13.1%, p=0.001), whereas a higher proportion in the GLP-1 group 

were treated with a thiazolidinedione (GLP-1 group 10.8% vs. control group 6.2%, p=0.001) 

(Table 1).

The median observation period was 742 days. During the observation period, there were 199 

all-cause hospitalizations of which 128 (64.3%) for HF, and there were 114 deaths. 

Treatment with GLP-1 agents was associated with a significant reduction in the likelihood of 

hospitalization for HF when compared with controls (adjusted HR [aHR]: 0.51; 95% 

confidence interval [CI] 0.34–0.77, p=0.002). Use of a GLP-1 agent remained a significant 

predictor of reduced HF hospitalization risk after adjusting for the propensity score and 

baseline beta-blocker and ACEi/ARB use (Figure 1). Among patients that had a HF 

hospitalization, the proportion with preserved ejection fraction (≥50%) was similar in each 

group (GLP-1 group 64.6% vs. Control group 61.1%, p=0.6). Secondary endpoint results are 

summarized in Table 2. Exposure to GLP-1 agents was associated with a significantly lower 

risk of all-cause mortality (aHR: 0.31; 95% CI 0.18–0.53, p=0.001) (Figure 2), as well as a 

lower risk of all-cause hospitalization compared to the control group (aHR: 0.54; 95% CI 

0.38–0.74, p=0.001). When causes of death were analyzed, there were no differences in the 

likelihood of cardiac death or heart failure-related death between groups.

To assess whether the above associations were drug or class-specific, we stratified our 

analysis for those using GLP-1 agonists or DPP-4 inhibitors exclusively, and we reassessed 

the likelihood of primary and secondary endpoints as compared with control individuals 

(Table 3). A total of 1,189 patients were treated exclusively with a DPP-4 inhibitor and 205 

were treated exclusively with a GLP-1 agonist. Subjects treated with a DPP-4 inhibitor had a 

significantly lower risk of HF hospitalization (aHR: 0.58; 95% CI 0.38, 0.88, p=0.011), all-

cause mortality (aHR: 0.34; 95% CI 0.19, 0.58, p=0.001), and all-cause hospitalization 

(aHR: 0.60, 95% CI 0.43, 0.84, p=0.003). Only 1 subject treated with GLP-1 agonists was 

hospitalized with HF, so a comparison with controls was not possible. Individuals treated 

with GLP-1 agonists had a lower risk of all-cause hospitalization (aHR: 0.17; 95% CI 0.02, 

1.23, p=0.079) and all-cause death (aHR: 0.17; 95% CI 0.02, 1.22, p=0.078), but these 

estimates did not reach statistical significance.
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DISCUSSION

The relationship between DM and HF is an area of intense interest at both the clinical and 

basic science levels. Patients with DM are at high risk of developing HF, and among those 

who suffer from HF, the presence of DM is associated with worse clinical outcomes (6, 7). 

The mechanisms by which DM contributes to HF, and vice versa, remain incompletely 

understood, as is the impact of differing anti-diabetic strategies on the development of HF or 

HF-related outcomes. The findings of our study suggest that exposure to agents that affect 

the GLP-1 pathway (i.e., both GLP-1 agonist and DPP-4 inhibitors) may reduce the 

likelihood of developing HF in patients with diabetes. In addition, treatment with these 

drugs may reduce the risk of all-cause hospitalization and mortality. These positive effects 

were observed in spite of higher use of ACEi/ARB and lower use of TZDs in the control 

group. When comparing the two drug classes studied, these benefits were observed in 

subjects taking both DPP4-inhibitors and GLP-1 agonists.. Subjects in whom GLP-1 

agonists were used showed reduced risk of HF and all-cause hospitalization without a 

statistically-significant improvement in mortality, although the total number of GLP-1 

agonist users in our study was low, obscuring whether any true difference may exist.

These results are in contrast with recently-reported data from a large randomized-controlled 

trial of saxagliptin in patients with type 2 diabetes and high CV risk (Saxagliptin 

Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus [SAVOR-

TIMI 53]) (14). This trial failed to show any improvement in cardiovascular outcomes 

(cardiovascular death, non-fatal MI or non-fatal ischemic stroke) when saxagliptin was 

compared to placebo. Additionally, SAVOR-TIMI 53 reported increased risk of HF 

hospitalization with saxagliptin use (289 [3.5%] vs. 228 [2.8%] with placebo, p=0.007) (14). 

In contrast with the population studied in SAVOR-TIMI 53, the patients in our study had a 

very low rate of established CAD (2% vs. 78%) and MI (<1% vs. 38%), and overall CV risk 

was comparatively low. While our study was not specifically designed to look at HF 

outcomes in patients with diabetes without HF, CAD or MI, such a substantial difference in 

baseline CV risk compared to the SAVOR-TIMI 53 population could explain the favorable 

findings in our diabetic cohort. It is possible that GLP-1 agents may be effective in 

decreasing HF risk in patients with diabetes without a previous history of CAD or MI by 

altering the natural history of cardiovascular disease before the development of significant 

structural abnormalities. Also, the findings of SAVOR-TIMI 53 must be interpreted with 

caution in the context of a trial with a non-significant primary endpoint and in which the 

overall number of HF hospitalizations was relatively low. Additionally, it is possible that 

patients enrolled in the randomized controlled trial may be not be representative of a real 

world cohort as has been shown in other instances (32).

There are a number of possible mechanisms that could help explain the positive observations 

of our study. GLP-1 is an incretin hormone produced by intestinal cells in response to 

nutrient intake. Once GLP-1 binds to its receptor, there is a rapid rise in circulating insulin 

levels proportional to glucose levels. GLP-1 is thought to exert most of its effects via the 

GLP-1 receptor, a G-protein coupled receptor acting through cyclic adenosine 

monophosphate as second messenger, with subsequent activation of protein kinase A (9). 

Receptor-independent effects have also been described (18). The receptor is expressed 
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throughout the gastrointestinal tract, but it has also been identified in the heart. Levels of 

circulating GLP-1 decrease rapidly (half-life <2 minutes) due to inactivation by DPP-4. The 

cardiovascular effects of GLP-1 have been observed in multiple animal models of 

myocardial infarction (MI) and HF. These studies show that GLP-1 improves myocardial 

glucose uptake, reduces oxidative stress, has anti-apoptotic properties, reduces infarct size 

(19), and can reverse ventricular remodeling. GLP-1 also appears to increase cardiac 

contractility and reduce systemic vascular resistance (10, 20–22). These beneficial effects of 

GLP-1 activation may explain the association of GLP-1-targeted therapy with improved 

clinical outcomes in patients with DM and HF.

The human effects of GLP-1 agents have been studied extensively in the context of 

atherosclerotic CV disease. In a randomized study of 20 patients with CAD and preserved 

left ventricular (LV) systolic function undergoing coronary artery bypass graft surgery, a 72-

hour infusion of GLP-1 was associated with reduced requirements for inotropic support and 

with a reduction in the frequency of ventricular arrhythmias (23). In another study of 20 

patients, infusions of GLP-1 limited the transient impairment in LV contractility following 

coronary artery occlusion in patients undergoing percutaneous coronary interventions (PCI) 

for stenoses of their left anterior descending coronary artery (24). More recently, in a 

controlled trial of patients being treated with primary PCI for ST-elevation MI, individuals 

were randomized to either intravenous exenatide or placebo for 6 hours. Those treated with 

exenatide showed significant improvement in myocardial salvage and reduced infarct size 

(25). Observations from another recent analysis (26) showed favorable cardiovascular 

effects of GLP-1 agents in patients without a recent history of major cardiovascular events 

treated with exenatide. In this study, treated patients showed a 19% reduction in the 

likelihood of myocardial infarction, ischemic stroke or coronary revascularization procedure 

compared with patients treated with non-exenatide glucose-lowering agents. In addition, 

exenatide-treated patients demonstrated a 12% reduction in CV hospitalization and 6% 

reduction in hospitalization from any cause. These data are supported by findings from two 

meta-analyses showing decreased risk of adverse CV outcomes with GLP-1 agents (27, 28). 

However, other meta-analyses aimed at assessing the safety of GLP-1 agents (29–31) did 

not find any difference in the likelihood of major CV events with these drugs. Randomized 

controlled trials in progress are expected to provide further data regarding the CV effects of 

GLP-1 agonists (Exenatide Study of Cardiovascular Event Lowering Trial (EXSCEL): A 

Trial To Evaluate Cardiovascular Outcomes After Treatment With Exenatide Once Weekly 

In Patients With Type 2 Diabetes Mellitus, ClinicalTrials.gov identifier NCT01144338) and 

DPP-4 inhibitors (Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular 

Outcome Results - A Long Term Evaluation (LEADER), ClinicalTrails.gov identifier 

NCT01179048) (33). Of note, these trials are not expected to assess the potential effect of 

GLP-1 agents on HF risk in diabetics as a primary endpoint (33).

The present study has limitations that should be considered. First, the study was 

retrospective and therefore, despite propensity matching and multivariable adjustment, there 

may be residual confounding. Prospective randomized evaluation of the effect of GLP-1 

agents on HF risk in diabetics is required to further clarify the findings of our study. Our 

data originated from a single health system, it could be argued that our findings may not be 

generalizable, yet our study population was demographically similar to that of southeast 
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Michigan and the Detroit metropolitan statistical area (34). Finally, the information used in 

this study was primarily sourced from administrative and claims data. Although these 

sources have some potential for misclassification, we have previously shown that hospital 

discharge diagnoses for HF are highly specific (16) and that pharmacy claims produce 

consistently predictive measures of drug exposure (35).

CONCLUSION

In conclusion, we show that drugs that enhance GLP-1 activity including DPP-4 inhibitors 

and GLP-1 agonists appear to produce favorable cardiovascular effects among individuals 

with DM. These apparent benefits were manifest through a reduction in HF hospitalizations, 

all-cause hospitalizations, and all-cause death. These benefits were observed in a diabetic 

cohort with a low prevalence of CAD and prior MI. Additional prospective randomized 

controlled trials are required to support or refute these findings.
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Figure 1. 
Freedom from heart failure hospitalization by treatment group.

HR: Hazard ratio; CI: Confidence interval; GLP-1: Glucagon-like peptide-1 agents.
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Figure 2. 
Freedom from all-cause mortality by treatment group.

HR: Hazard ratio; CI: Confidence interval; GLP-1: Glucagon-like peptide-1 agents.
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Table 1

Baseline characteristics.

Variable GLP-1 group (n=1426) Control group (n=2798) p value

Age (years), mean ± sd 60.0 ± 11.4 61.2 ± 12.4 0.003

Sex (female), n (%) 778 (54.6) 1487 (53.2) 0.384

Race (white), n (%) 542 (38) 1055 (37.7) 0.113

Diabetes duration (days), mean ± sd 901.8 ± 605.8 894.8 ± 602.9 0.724

Number of anti-diabetic drugs, mean ± sd 1.35 ± 0.87 1.53 ± 0.60 0.001

Hemoglobin A1c (%), mean ± sd 7.98 ± 1.77 8.06 ± 1.90 0.181

Beta-blocker use, n (%) 460 (32.3) 945 (33.8) 0.323

ACEi/ARB use, n (%) 885 (62.1) 1865 (66.7) 0.003

LVEF >50%, n (%) 30/54 (55.6) 99/177 (55.4) 0.961

Past Medical History

Coronary artery disease, n (%) 23 (1.6) 87 (1.8) 0.623

Myocardial infarction, n (%) 3 (0.2) 8 (0.3) 0.760

Hypertension, n (%) 641 (45) 1328 (47.5) 0.122

Chronic kidney disease, n (%) 0 (0) 0 (0) 0

Peripheral arterial disease, n (%) 6 (0.4) 16 (0.6) 0.519

Stroke, n (%) 0 (0) 3 (0.1) 0.556

COPD, n (%) 43 (3) 86 (3.1) 0.917

Anti-diabetic medications

Alpha-glucosidase inhibitor, n (%) 1 (0.1) 4 (0.1) 0.669

Biguanides, n (%) 690 (48.4) 1431 (51.1) 0.09

Meglitinides, n (%) 4 (0.3) 6 (0.2) 0.741

Sulfonylureas, n (%) 394 (27.6) 812 (29) 0.344

Thiazolidinediones, n (%) 154 (10.8) 173 (6.2) 0.001

Insulin, n (%) 83 (6) 366 (13.1) 0.001

GLP-1: Glucagon-like peptide-1; COPD: Chronic obstructive pulmonary disease; LVEF: Left ventricular ejection fraction; ACEi: Angiotensin-
converting enzyme inhibitor; ARB: Angiotensin receptor blocker; sd: Standard deviation.
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Table 2

Risk of heart failure hospitalization, all-cause hospitalization and mortality.

Endpoint Adjusted hazard ratio* (95% confidence interval) p value

Heart failure hospitalization 0.51 (0.34–0.77) 0.002

All-cause hospitalization 0.54 (0.38–0.74) 0.001

Mortality 0.31 (0.18–0.53) 0.001

*
Analysis adjusted for propensity score, number of anti-diabetic drugs, duration of diabetes, baseline beta-blocker use and ACEi/ARB use.
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Table 3

Primary and secondary endpoints based on DPP-4 inhibitor or GLP-1 agonist use.

DPP-4 inhibitor (n=1189) GLP-1 agonist (n=205)

Endpoint Adjusted hazard ratio* (95% confidence 
interval)

p value Adjusted hazard ratio* (95% confidence 
interval)

p value

Heart failure hospitalization 0.58 (0.38–0.88) 0.011 - -

All-cause hospitalization 0.60 (0.43–0.84) 0.003 0.17 (0.02–1.23) 0.079

Mortality 0.34 (0.19–0.58) 0.001 0.17 (0.02–1.22) 0.078

GLP-1: Glucagon-like peptide-1, DPP-4: dipeptidyl peptidase-4.

*
Analysis adjusted for propensity score, number of anti-diabetic drugs, duration of diabetes, baseline beta-blocker use and ACEi/ARB use
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