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Antidiabetic Treatments and Cardiovascular Implications

By Megan Herink, Pharm.D, BCPS and Kathy Sentena, Pharm.D., both from Oregon State University College of Pharmacy, Drug Use Research and Management

The incidence of diabetes among Oregon Health Plan (OHP) members is
approximately 19%, costing $106 million dollars on an annual basis.1 A major
contributor to the morbidity of these patients is the high incidence of
cardiovascular disease (CVD).2 Improving glycemic control has been shown to
have microvascular benefits, but evidence of macrovascular benefits (e.g.,
cardiovascular [CV] outcomes) remain scarce. This newsletter will review the
potential CV effects associated with the most common diabetes medications.
Metformin
The beneficial CV effects of metformin have been debated in the literature.
The original data suggesting positive CV outcomes with metformin came from
the United Kingdom Prospective Diabetes Study (UKPDS) in 1998.3 The
UKPDS trial showed a 16% reduction in CVD events (combined fatal or
nonfatal MI and sudden death) in the intensive glycemic control arm that did
not reach statistical significance.3 After 10 years of follow-up, those originally
randomly assigned to intensive glycemic control with metformin had significant
long term reductions in myocardial infarction (MI) (Risk Ratio [RR] 0.67; 95%
CI 0.51-0.89; ARR 6.3%; number needed to treat [NNT] 16) and a 7%
absolute reduction in all-cause mortality (NNT 14) compared to the
conventional glycemic control group.4 Conversely, a systematic review
evaluated the non-UKPDS metformin monotherapy trials and showed no
significant benefit on mortality (RR 2.94; 95% CI 0.31-28.16) or ischemic heart
outcomes (RR 3.02; 95% CI 0.62-14.75).5 Additionally, the ACCORD trial
suggested a possibility of increased all-cause mortality in the intensive arm, in
which approximately 94% of patients were on metformin therapy.6 In
conclusion, the positive CV effects associated with metformin comes from the
UKPDS trial; these results have not been replicated and were likely, in part, a
product of trial design. UKPDS included patients with newly-diagnosed
diabetes who were largely free of vascular events, whereas the major trials
that have not found a reduction in CVD outcomes with intensive glycemic
control (ACCORD6, ADVANCE7, VADT8) included participants who had more
advanced type 2 diabetes (T2DM). Regardless, metformin is a suitable first
choice for hyperglycemic therapy based on its efficacy in lowering hemoglobin
A1C (A1C), positive effect on weight, and low cost, in addition to the potential
to decrease CV events when initiated early on in the disease.
Sulfonylureas
There is conflicting data suggesting that the use of sulfonylureas may be
associated with an increase in CV events and mortality.9 However, this finding
is most consistent with first generation sulfonylureas that are no longer used.
Overall, it is unlikely that sulfonylureas directly cause CVD, but some
hypothesize that they may worsen outcomes due to the effect of sulfonylureas
on mitochondrial ATP-sensitive potassium channels in cardiac myocytes.10 In
addition, sulfonylureas have a relatively high risk of hypoglycemia, which can
precipitate adverse CV outcomes such as myocardial ischemia and cardiac
arrhythmia.11 There is also data supporting the relative CV safety of
sulfonylureas from a systematic review comparing sulfonylurea monotherapy
to placebo and other agents for the treatment of T2DM.12 In this review, there
were no significant differences in CV mortality or overall mortality between
sulfonylurea monotherapy and any other class of agents. This was similar to
the BARI 2D study which demonstrated no difference in CV events or mortality
between those on an insulin-sensitizing regimen versus insulin-provision
therapy (insulin and/or sulfonylurea) over 5 years of follow up.13 In conclusion,
there is no reason to prefer or to avoid sulfonylurea therapy based on CVD
considerations but patients and providers should be aware of the potential CV
risks of hypoglycemia in patients with underlying CVD.
Insulin
The use of insulin is known to be a potent glucose lowering agent but the CV
effects have been inconclusive. Recently, the ORGIN trial compared glargine

to standard of care (predominately metformin and sulfonylureas) and found
glargine to have a neutral effect on CV outcomes (hazard ratio [HR] 1.02;
95% CI, 0.94 to 1.11).14 A CV study comparing degludec to glargine will have
results in September of 2015, which will help to further define the relationship
between insulin and CVD.15
Thiazolidinediones
Historically, the thiazolidinediones (TZDs), especially rosiglitazone, have
been viewed as having a potentially negative CV effect. A meta-analysis of
rosiglitazone demonstrated an increased risk of MI (OR 1.43; 95% CI 1.03 to
1.98; P=0.03).16 However, a review of the re-adjudicated results of the
evidence found that rosiglitazone wasn’t associated with an increased risk of
MI compared to metformin or sulfonylureas.17 A RCT specifically designed to
assess the CV impact of pioglitazone included 5,238 patients with T2DM and
macrovascular disease.18 The primary endpoint was the composite of allcause mortality, MI, stroke, acute coronary syndrome, coronary or leg
revascularization or leg amputation. No significant difference was found
between pioglitazone and placebo (HR 0.90; 95% CI, 0.8-1.02; P=0.095).18
Other studies have shown an increased risk of heart failure (HF) with
rosiglitazone and pioglitazone, supported by findings from a meta-analysis
showing a hazard ratio for pioglitazone of 1.32 (95% CI, 1.04 to 1.68) and for
rosiglitazone 2.18 (95% CI, 1.44 to 3.32).19 Lack of conclusive CV benefit
and side effects such as weight gain, HF and edema limit routine use of
TZDs in patients with CV disease.
DPP-4 Inhibitors
The dipeptidyl peptidase-4 (DPP-4) inhibitors have CV results for three of the
four approved therapies. In the EXAMINE trial, 5,380 patients with T2DM and
a recent acute coronary syndrome (ACS) were randomized to alogliptin or
placebo.20 The primary endpoint was the composite of death from CV
causes, nonfatal MI, or nonfatal stroke. A neutral effect was seen on CV
endpoints with the primary outcome experienced by 11.3% in the alogliptin
group compared to 11.8% in the placebo group (HR 0.96; P<0.001 for
noninferiority).15 Observational studies have shown CV benefit with glucose
lowering, however, the lower A1C levels associated with alogliptin compared
to placebo, -0.33% vs. 0.03%, did not translate into CV benefit.20 Sitagliptin
was also compared to placebo in the TECOS trial.21 The primary composite
outcome was CV death, non-fatal MI, and non-fatal stroke or hospitalization
for unstable angina. After a median follow up of 3 years, sitagliptin was not
associated with any CV harm or benefit compared to placebo, 11.4% vs,
11.6% (HR 0.98; 95% CI, 0.88 to 1.09; P=0.001 for noninferiority).21 Heart
failure-related hospital admissions was a secondary outcome that was also
found to be the same in both groups, 3.1% (HR 1.00; 95% CI, 0.83 to 1.20; P
= 0.98).21 The CV effects of saxagliptin were studied in patients with T2DM
and CVD.22 The primary outcome was a composite of CV death, nonfatal MI,
or nonfatal ischemic stroke. The incidence of the primary endpoint was 7.3%
for saxagliptin vs. 7.2% for placebo after a follow-up of 2.1 years (HR 1.00;
95% CI, 0.89 to 1.12; P<0.001 for noninferiority).22 There was an increased
risk of hospitalization for HF in the saxagliptin group compared to placebo,
3.5% and 2.8%, respectively (HR 1.27; 95% CI, 1.07 to 1.51; P=0.007).22
The mechanism for the elevated hospital admissions with saxagliptin is
unknown. DPP-4 inhibitors appear to exhibit neutral CV effects, except for an
increased risk of hospitalization for HF with saxagliptin, which warrants
continued monitoring.
GLP-1 Receptor Agonists
Prospective, randomized trials evaluating the CV effects of glucagon-like
peptide-1 (GLP-1) receptor agonists are ongoing and have not been
published. In a meta-analysis of 37 trials, GLP-1 receptor agonists were
compared to various treatments from other therapeutic classes in T2DM
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patients.19 GLP-1 receptor agonists were not found to be associated with an
increased risk of major CV events (MACE) compared to active or placebo
treatments (OR 0.78; 95% CI, 0.54 to 1.13; p=0.18).19
SGLT-2 Inhibitors
Recently, trial results for the CV safety of empagliflozin, 10 mg and 25 mg,
were compared to placebo over a median observation time of 3.1 years in
patients with T2DM and preexisting CV disease. 23 The primary composite
outcome was CV death, nonfatal MI or nonfatal stroke. Pooled empagliflozin
doses were shown to decrease the primary composite outcome more than
placebo, 10.5% vs. 12.1% (HR 0.86; 95.02% CI, 0.74 to 0.99; P<0.001 for
noninferiority and P=0.04 for superiority).23 The difference in the primary
endpoint was driven by a significantly lower incidence of CV death in the
empagliflozin group: 5.9% vs. 3.7% (p<0.001). All-cause mortality was also
significantly lower, 8.3% vs. 5.7% (p<0.001).23 It has been theorized that the
CV benefits could be related to diuresis caused by empagliflozin, which is
supported by the decreased incidence of hospitalizations related to HF found
with empagliflozin compared to placebo, 4.1% vs. 2.7% (HR 0.65, 95% CI,
0.50 to 0.85; P=0.002).23
Empagliflozin trial results are significant because it is the first diabetes drug to
demonstrate a reduction in CV events in an adequately powered randomized
controlled trial. Limitations to CV benefits seen with empagliflozin are that all
included patients had preexisting CV disease and there is no evidence that
these findings would apply to patients without preexisting disease.
Empagliflozin should not be used in patients who have reduced kidney
function and the rate of genital mycotic infections are more common with
empagliflozin than in placebo treated patients.24 Additionally, canagliflozin,
another SGLT-2 inhibitor, has been shown to increase the risk of bone
fractures and it is not known if this is a class effect.25 Two CV safety and
efficacy trials with canagliflozin and dapagliflozin are ongoing and will clarify
effects of SGLT-2 inhibitors on CV outcomes.26, 27
High quality, prospective trials will provide valuable evidence to direct
prescribing of antidiabetic agents. In addition to CV implications, consideration
of adverse event profiles and patient characteristics should be considered so
that benefits can be maximized and risks minimized.
Peer Reviewed By: Tracy Klein, PhD, FNP, Assistant Professor,
College of Nursing, Washington State University Vancouver and Abby Frye, Pharm D,
BCACP, Clinical Pharmacy Specialists, Primary Care, Providence Medical Group
References:
1.
Oregon Health Authority. Oregon diabetes report. January 2015. Available
at:https://public.health.oregon.gov/DiseasesConditions/ChronicDisease/Dia
betes/Documents/OregonDiabetesReport.pdf. Accessed on February 18,
2016.
2.
Avalrez, CA, Lingvay I, Vuylsteke V, et al. Cardiovascular risk in diabetes
mellitus: complication of the disease or of antihyperglycemic medications.
Clin Pharm and Ther 2015;98:145-161. Doi: 10.1002/cpt.143.
3.
Effect of intensive blood-glucose control with metformin on complications in
overweight patients with type 2 diabetes (UKPDS 34). UK Prospective
Diabetes Study (UKPDS) Group. Lancet. 1998;352(9131):854-865.
4.
Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HAW. 10-year followup of intensive glucose control in type 2 diabetes. N Engl J Med.
2008;359(15):1577-1589. doi:10.1056/NEJMoa0806470.
5.
Saenz A, Fernandez-Esteban I, Mataix A, Ausejo Segura M, Roqué i Figuls
M, Moher D. Metformin monotherapy for type 2 diabetes mellitus. In:
Cochrane Database of Systematic Reviews. John Wiley & Sons, Ltd;
2005.http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD002966.pub3/
abstract. Accessed March 15, 2016.
6.
Action to Control Cardiovascular Risk in Diabetes Study Group, Gerstein
HC, Miller ME, et al. Effects of intensive glucose lowering in type 2
diabetes. N Engl J Med. 2008;358(24):2545-2559.
doi:10.1056/NEJMoa0802743.
7.
Group TAC. Intensive Blood Glucose Control and Vascular Outcomes in
Patients with Type 2 Diabetes. New England Journal of Medicine.
2008;358(24):2560-2572. doi:10.1056/NEJMoa0802987.

8.
9.
10.

11.
12.
13.
14.
15.

16.
17.

18.

19.

20.
21.
22.
23.
24.
25.

26.

27.

Duckworth WC, McCarren M, Abraira C. Glucose Control and
Cardiovascular Complications: The VA Diabetes Trial. Dia Care.
2001;24(5):942-945. doi:10.2337/diacare.24.5.942.
Bell DSH. Do sulfonylurea drugs increase the risk of cardiac events?
CMAJ. 2006;174(2):185-186. doi:10.1503/cmaj.051237.
Sato T, Nishida H, Miyazaki M, Nakaya H. Effects of sulfonylureas on
mitochondrial ATP-sensitive K+ channels in cardiac myocytes:
implications for sulfonylurea controversy. Diabetes Metab Res Rev.
2006;22(5):341-347. doi:10.1002/dmrr.621.
Bell DSH, Bakris GL, McGill JB. Comparison of carvedilol and metoprolol
on serum lipid concentration in diabetic hypertensive patients. Diabetes
Obes Metab. 2009;11(3):234-238. doi:10.1111/j.1463-1326.2008.00927.x.
Hemmingsen B, Schroll JB, Lund SS, et al. Sulphonylurea monotherapy
for patients with type 2 diabetes mellitus. Cochrane Database Syst Rev.
2013;4:CD009008. doi:10.1002/14651858.CD009008.pub2.
Group TB 2D S. A Randomized Trial of Therapies for Type 2 Diabetes
and Coronary Artery Disease. N Engl J Med .2009;360(24):25032515.doi:10.1056/NEJMoa0805796.
Gerstein HC, et al. Basal insulin and cardiovascular and other outcomes
in dysglycemia. N Engl J Med. 2012;367:319-328.
Novo Nordisk A/S. A Trial Comparing Cardiovascular Safety of Insulin
Degludec Versus Insulin Glargine in Subjects With Type 2 Diabetes at
High Risk of Cardiovascular Events. Clinical Trials.gov. Accessed March
25, 2016.
Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocardial
infarction and death from cardiovascular disease. N Engl J Med
2007;356:2457-2471.
US Food and Drug Administration: Rosiglitazone-containing Diabetes
Medicines: Drug Safety Communication - FDA Eliminates the Risk
Evaluation and Mitigation Strategy (REMS). December 2015. Available at:
http://www.fda.gov/Safety/MedWatch/SafetyInformation/SafetyAlertsforHu
manMedicalProducts/ucm477601.htm.
Dormandy, JA, et al. Secondary prevention of macrovascular events in
patients with type 2 diabetes in the PROactive Study (PROspective
pioglitazone Clinical Trial in macrovascular Events): a randomised
controlled trial. Lancet. 2005:1279-1289.
Lago RM, Singh PP and Nesto RW. Congestive heart failure and
cardiovascular death in patients with pre-diabetes and type 2 diabetes
given thiazolindinediones: a meta-analysis of randomised clinical trials.
Lancet. 2007; 370:1129-1136.
White W, Cannon C, Heller S, et al. Alogliptin after acute coronary
syndrome in patients with type 2 diabetes. N Engl J Med. 2013;369:132735. Doi: 10.1056/NEJMoal305889.
Green J, Bethel A, Armstrong P, et al. Effect of sitagliptin on
cardiovascular outcomes in type 2 diabetes. N Engl J Med.
2015;373:232‐42. Doi:10.1056/NEJMoal1501352.
Scirica B, Bhatt D, Braunwald E, et al. Saxagliptin and cardiovascular
outcomes in patients with type 2 diabetes. N Engl J Med.
2013;369:1317‐26.
Zinman B, Wanner C, Lachin J, et al. Empagliflozin, cardiovascular
outcomes, and mortality in type 2 diabetes. N Engl J Med. 2015;373:211728. Doi: 10.1056/NEJMoal504720.
Empagliflozin
Prescribing
Information.
Boehringer
Ingelheim
Pharmaceuticals, Inc. Ridgefield, CT; 2016.
US Food and Drug Administration. Invokana and Invokamet
(canagliflozin): FDA drug safety communication: FDA revises label of
diabetes drug canagliflozin (Invokana, Invokamet) to include updates on
bone fracture risk and new information on decreased bone mineral
density. FDA Drug Safety Communication. 2015. Available at:
http://www.fda.gov/drugs/drugsafety/ucm461449.htm. Accessed March 3,
2016.
Janssen Research & Development, LLC. A Randomized, Multicenter,
Double-Blind, Parallel, Placebo-Controlled Study of the Effects of JNJ28431754 on Cardiovascular Outcomes in Adult Subjects With Type 2
Diabetes
Mellitus.
ClinicalTrials.gov.
Available
at:
https://clinicaltrials.gov/ct2/show/NCT01032629?term=CANVAS&rank=1.
Accessed March 4, 2016.
Astra Zeneca. Dapagliflozin Effect on Cardiovascular Events A
Multicenter, Randomized, Double-Blind, Placebo-Controlled Trial to
Evaluate the Effect of Dapagliflozin 10 mg Once Daily on the Incidence of
Cardiovascular Death, Myocardial Infarction or Ischemic Stroke in Patients
With Type 2 Diabetes. ClinicalTrials.gov. Available at:
https://clinicaltrials.gov/ct2/show/NCT01730534?term=DECLARE+TIMI58
&rank=1. Accessed March 4, 2016.

Oregon DUR Board Newsletter Produced by OSU COLLEGE of PHARMACY
DRUG USE RESEARCH & MANAGEMENT
Managing Editor: Kathy Sentena
sentenak@ohsu.edu

