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ABSTRACT

Type 2 diabetes increases the risk of developing cardiovascular (CV)
morbidity and mortality. Strict glycemic control may produce CV
benefit in newly diagnosed or short duration diabetes, but not in long-
standing complicated diabetic patients, especially in those with high
risk of hypoglycemia. In 2008, the US Food and Drug Administration
(FDA) revised regulations for the approval of medications for type
2 diabetes by requiring adequate CV safety evidences. Recently,
major concerns have arisen about current oral anti-diabetic agents
(OADs). This review will be focused on CV benefits and risk profiles
of currently available OADs based on evidences from landmark
randomized controlled trials and meta-analyses. Metformin,
sulfonylureas (SUs), and alpha-glucosidase inhibitors have limited
and/or controversial data on CV safety evaluation. Peroxisome
proliferator-activated receptor gamma agonists or thiazolidinediones
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(TZDs), dipeptidyl peptidase-4 (DPP-4) inhibitors, and sodium-
glucose co-transporter type 2 (SGLT2) inhibitors have been more
extensively evaluated in well-designed CV outcome trials. A recently
published randomized clinical trials demonstrated empagliflozin
reduced CV risks and mortality in high CV risks type 2 diabetes
patients. Ongoing trials will elucidate the CV safety for TZDs
(pioglitazone), DPP-4 inhibitors, and SGLT2 inhibitors compared to
SUs or placebo.
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Abbreviation

CVD: cardiovascular disease, CV: Cardiovascular, OAD: oral anti-
diabetic agent, SU: sulfonylurea,TZD: thiazolidinedione, DPP-4
inhibitor: dipeptidyl peptidase-4 inhibitor, SGLT2 inhibitor: sodium-
glucose co-transporter type 2 inhibitor, RCT: randomized controlled
trial, UKPDS: UK Prospective Diabetes Study, LDL: low-density
lipoprotein-cholesterol, HDL: high-density lipoprotein-cholesterol,
ACCORD: Action to Control Cardiovascular Risk in Diabetes, AD-
VANCE: Action in Diabetes and Vascular Disease, VADT: Veterans
Affairs Diabetes Trial, AMI: acute myocardial infarction, MI: myo-
cardial infarction, UGDP: University Group Diabetes Project, SUR1:
sulphonylruea receptor type 1, SUR 2A: sulphonylurea receptor type
2A, SUR 2B: sulphonylurea receptor type 2B, TOSCA. IT: Thiazoli-
dinediones or Sulfonylureas and Cardiovascular Accidents Interven-



tion Trial, CAROLINA: Cardiovascular Outcome Study of Lina-
gliptin versus Glimepiride in Patients with Type 2 Diabetes, Proactive
study: PROspective pioglitAzone Clinical Trial In macroVascular
Events study, CHICAGO trial: Carotid Intima-Media Thickness in
Atherosclerosis Using Pioglitazone trial, PERISCOPE study: Piogli-
tazone Effect on Regression of Intravascular Sonographic Coronary
Obstruction Prospective Evaluation study, HF: heart failure, CHF:
congestive heart failure, SAVOR-TIMIS3: Saxagliptin Assessment
of Vascular Outcomes Recorded in Patients with Diabetes Mellitus—
Thrombolysis In Myocardial Infarction 53, VIVVD: Vildagliptin in
Ventricular Dysfunction Diabetes Trial, EXAMINE: Examination of
Cardiovascular Outcomes with Alogliptin versus Standard of Care,
STOP-NIDDM: Study to Prevent Non-Insulin Dependent Diabetes
Mellitus, IGT: impaired glucose tolerance, DECLARE-TIMISS:
Dapagliflozin Effect on Cardiovascular Events-TIMI Thrombolysis
In Myocardial Infarction 58, CANVAS: Canagliflozin Cardiovascular
Assessment Study

CV RISKS AND BENEFITS OF GLYCEMIC
CONTROL

Type 2 diabetes has long been recognized as an independent risk
factor for cardiovascular disease (CVD). Cardiovascular (CV) com-
plications are the leading cause of comorbidity and death in the pa-
tient with diabetes. Although improved glycemic control in diabetic
patients has been confirmed to reduce the incidence of microvas-
cular complications, it has not been consistently shown to prevent
macrovascular complications. The UK Prospective Diabetes Study
(UKPDS), which is conducted in patients with newly diagnosed type
2 diabetes, demonstrated that hyperglycemia, as assessed by HbAlc
levels, was a statistically independent and potentially modifiable risk
factor for CVD, in addition to low-density lipoprotein-cholesterol
(LDL-C), high-density lipoprotein-cholesterol (HDL-C), blood pres-
sure, and smoking!!. However, three other major trials including
the Action to Control Cardiovascular Risk in Diabetes (ACCORD)
Pl Action in Diabetes and Vascular Disease (ADVANCE)D], and the
Veterans Affairs Diabetes Trial (VADT)™, failed to show a significant
reduction in macrovascular events in patients with long-standing
diabetes (mean duration 8-11 years) and high CV risk using intensive
glycemic control (hemoglobin Alc<6-7 %). The ACCORD study
was terminated at 3.5 years because of increased all-cause and CV
mortalities in the intensive-therapy group™. In the ADVANCE study,
intensive control was not associated significant changes in major CV
events, CV death, or all-cause mortalitym. In VADT trial, major CV
event or all-cause mortality was not altered in the intensive-therapy
group™. However, hypoglycemia occurred significantly more fre-
quently in the intensive- therapy group than control group in both
ADVANCE and VADT trials. Hypoglycemia can be associated with
cardiac ischemia, and unrecognized hypoglycemia can contribute to

adverse CV outcomes™

. Collectively, current evidence indicates that
glycemic control may produce CV benefit early in disease course, but
not in long-standing complicated diabetes patients, especially those
with high risk of hypoglycemia.

In mid-2007, a meta-analysis of 42 randomized controlled trials
(RCTs) involving rosiglitazone reported a 1.4-fold increase in risk of
acute myocardial infarction (AMI) compared with non-thiazolidine-
dione therapies'”. In addition to the CV risk associated with glucose-
lowering effect, major concerns have recently arisen about the CV
safety of individual oral anti-diabetic agent (OAD). The Food and
Drug Administration (FDA) revised regulations for approval of medi-
cations for type 2 diabetes by requiring that enough CV events are
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accrued prior to approval to rule out an upper 95% confidence inter-
val for hazard ratio 1.8 for CV events, followed by ruling out an up-
per 95% confidence interval for hazard ratio 1.3 in the post-approval
period since 2008. This review will be focused on CV safety of cur-
rently available OADs based on evidences from landmark RCTs and
meta-analyses.

CV BENEFITS AND RISKS OF METFORMIN

The evidence of cardiovascular benefits of metformin therapy was
first shown in the initial 10 year follow-up of UKPDS'". In this study,
overweight patients receiving metformin therapy had a 39% reduc-
tion in risk of myocardial infarction (MI) and a reduction of 36 % for
death from any cause in comparison to conventional dietary therapy.
A continued benefit of MI and death from any cause by metformin
therapy among overweight patients was evident during 10 years of
post-trial follow-up”’. However, systemic reviews and meta-analyses
of cardiovascular effects of metformin have produced inconsistent
results depending on the inclusion criteria used. A systemic review
by Selvin et al™ found that metformin therapy associated with a de-
creased risk of cardiovascular mortality of 26% compared with any
other OADs or placebo, but this systemic review did not include the
results of non-overweight group. A meta-analysis by Lamanna et al®
showed that metformin was not associated with significant benefit or
harm on cardiovascular events. Metformin had a significant cardio-
vascular benefit versus placebo or no therapy, but not in active com-
parator trials. However, this meta-analysis also included non-diabetic
patients, HIV, and polycystic ovary syndrome patients. Another
meta-analysis by Boussageon et al'” found that metformin did not
significantly affect all-cause mortality or CV deaths. Collectively, the
definite efficacy of metformin to prevent death or CV events has not
been fully proven. However, among all OADs, metformin is one with
least disadvantages. It does not cause hypoglycemia and weight gain.

CV BENEFITS AND RISKS OF SULFONYLUREA

SUs are divided into classes. The first-generation agents (carbutamide,
tolbutamide, acetohexamide, tolazomide and chlorpropamide)
were introduced in the 1950s. The second-generation agents (e.g.,
glibenclamide, glipizide, glibornuride and gliclazide) and the third-
generation agents (glimepiride, gliclazide modified-release and
glipizide gastrointestinal therapeutic system) have almost completely
replaced the first-generation drugs. Historically, tolbutamide, a first-
generation sulfonylurea is associated with increased cardiovascular
events and all-cause mortality in the University Group Diabetes
Project (UGDP) trial"". Findings from several studies and meta-
analyses suggest that SUs are associated with higher risk of mortality
and adverse CV events than metformin and other OADs!™'*?",
The proposed mechanisms include cardiac ischemic conditioning
interference and hypoglycemia. SUs bind to SU receptor type 1
(SURT) on pancreatic B-cells and inhibit ATP-sensitive potassium
channels which promotes insulin release. However, SUs also bind
to receptors on myocardial (SUR2A) and vascular smooth muscle
(SUR2B) cells which inhibit cardiac ATP-sensitive potassium

21-22 . s . . .3
P21 and interfere with ischemic conditioning™”. The second

channels
mechanism is hypoglycemia, as well known side effects of SUs.
Hypoglycemia can prolong the QT interval and is associated with

23 QT interval prolongation and cardiac ischemia

cardiac ischemia'
increase the risk of adverse cardiovascular events”®, Among the
second- and third-generation SUs, differences in SURI receptor

affinity and pharmacokinetic properties create differences in the risk
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of hypoglycemia, with glibenclamide, which has the highest affinity
for SUR1%" having the highest risk among SUs™**",

In contrast to first-generation SUs, second- and third-generation
SUs seem to be associated with better safety profiles. A Cochrane
systemic review and meta-analysis of randomized clinical trials by
Hemmingsen et al™” showed that in comparison with metformin,
the second- and third-generation SUs may not affect all-cause or CV
mortality but may decrease the risk of nonfatal CV outcomes among
patients with type 2 diabetes. Another recently published systemic
review and network meta-analysis by Simpson et al”" to compare
the relative risk of mortality and adverse CV events among SUs.
The results showed that gliclazide and glimepiride were associated
with a lower risk of all-cause and CV-related mortality compared
with glibenclamide. The definite conclusions need to be answered
by well-designed RCTs. The ongoing trials of Thiazolidinediones
or Sulfonylureas and Cardiovascular Accidents Intervention Trial
(TOSCA.IT) (NCT00700856)"” and CAROLINA (NCT01243424)
1 trails will help answer some questions. Nevertheless, current
evidence suggests a better CV risk profile of third-generation SUs
compared to older-generation SUs.

CV BENEFITS AND RISKS OF
THIAZOLIDINEDIONE (TZD)

TZDs are previously proposed to have protective effects on CVD.
However, rosiglitazone have been shown to increase the risk of MI
by 1.4-fold in a meta-analysis in 2007" and subsequent analyses™*”.
In contrast, in the PROspective pioglitAzone Clinical Trial In
macro Vascular Events (PROactive) study, a large RCT investigating
the effects of pioglitazone on macrovascular outcomes in 5,238
patients with type 2 diabetes and preexisting CVD, pioglitazone
added to optimized standard care causes a significant reduction
in a composite end point comprising CV death plus nonfatal MI
plus nonfatal stroke [HR 0.82 (95% CI 0.70-0.97)] as compared
to placebo, although the primary end point--a composite of all-
cause mortality, nonfatal MI, acute coronary syndrome, stroke,
major leg amputation, and coronary or leg revascularization was
only nonsignificantly reduced by 10%"?. Furthermore, in patients
with a previous MI, pioglitazone significantly reduced the risk of
subsequent MI by 28% and acute coronary syndrome by 38%"”.
In patients with a previous stroke, pioglitazone decreased the risk
of a second stroke by 48%"". Two additional RCTs also showed
favorable effect of poiglitazone on the progression of atherosclerosis.
In the Carotid Intima-Media Thickness in Atherosclerosis Using
Pioglitazone (CHICAGO) trial®”, pioglitazone was observed to
decrease progression of carotid intima-media thickness over an
18-month treatment period compared with glimepiride. In the
Pioglitazone Effect on Regression of Intravascular Sonographic
Coronary Obstruction Prospective Evaluation (PERISCOPE)
study™, coronary intravascular ultrasonography was used to assess
the change in percent atheroma volume in 360 patients with type 2
diabetes and coronary artery disease treated with either pioglitazone
or glimepiride. Pioglitazone-treated patients had a significantly lower
rate of progression of coronary atherosclerosis.

A report™! from the FDA analyzing the risk of CV events in
227571 patients aged more than 65 years who were treated wit
rosiglitazone, compared with pioglitazone, was associated with an
increased risk of stroke, heart failure, and all-cause mortality and an
increased risk of the composite of AMI, stroke, heart failure (HF),
or all-cause mortality (HR 1.86, 95% CI 1.27-2.08). It has been
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hypothesized that differing CV outcomes associated with different
TZD may be due to their differential effects on lipid subfractions.
Pioglitazone, compared with rosiglitazone was associated with
significant improvements in triglycerides, HDL-cholesterol, non-
HDL cholesterol, LDL particle size compared with rosiglitazone!**,

The major adverse CV concern of all TZDs is congestive heart
failure (CHF). Mouse models show that pioglitazone activation of
peroxisome proliferator-activated receptor yreceptors in the distal
nephron increases sodium reabsorption through the epithelial sodium
channel™. The underlying mechanism is due to fluid retention and
plasma volume expansion. In the PROactive study, 5.7% and 4.1%
of pioglitazone and placebo patients, respectively, were hospitalized
for CHF; however, mortality rates due to CHF were similar. In
conclusion, pioglitazone probably exert beneficial effect on MI and
stroke while rosiglitazone may modestly increase the risk of MI and
stroke. Both drugs are associated with substantial CHF risk.

CV BENEFITS AND RISKS OF DIPEPTIDYL
PEPTIDASE-4 (DPP4) INHIBITORS

Up to date, four published trials including the Saxagliptin Assessment
of Vascular Outcomes Recorded in Patients with Diabetes Mellitus
(SAVOR)-Thrombolysis in Myocardial Infarction (TIMI) 53
(SAVOR-TIMI 53), the Vildagliptin in Ventricular Dysfunction
Diabetes Trial (VIVIDD), and Examination of Cardiovascular
Outcomes with Alogliptin versus Standard of Care trial (EXAMINE),
and Trial to Evaluate Cardiovascular Outcomes after Treatment with
Sitagliptin (TECOS) were appropriately designed and conducted
to assess their effects on CV mortality and morbidity™**". In the
SAVOR-TIMI 53", 16,492 patients with type 2 diabetes and history
or at risk of CV events were randomized to receive saxagliptin or
placebo and were followed for 2.1 years. In this study, patients in the
saxagliptin group were more frequently to be hospitalized for CHF,
whereas no differences in all-cause and CV mortality and morbidity
were observed. In EXAMINE trial™, 5,380 patients with type 2
diabetes with recent AMI or unstable angina were randomized to
receive alogliptin or placebo and were followed-up for 1.5 years.
No difference in the primary outcome (CV death, MI and stroke)
was observed. However, a non-significant trend of increased risk for
CHF was found for alogliptin. In VIVIDD study™”, 254 patients with
CHF (NYHA classes I to III) and type 2 diabetes were randomized
to vildagliptin or placebo and followed for 52 weeks. Preliminary
data from this trial showed no significant differences in change in
ejection fraction and in brain natriuretic peptide values between
two groups. However, patients taking vildagliptin experienced a
two-fold increase in left ventricular end-diastolic volume, end-
systolic volume and stroke volume compared to the control group.
No differences in the number of patients reporting worsening CHF
were observed. In TECOS trial®, 14,671 type 2 diabetes patients
and established cardiovascular disease were randomly assigned to
add either sitagliptin or placebo to their existing therapy. Adding
sitagliptin to usual care did not appear to increase the risk of major
adverse cardiovascular events, hospitalization for heart failure, or
other adverse events™,

A meta-analysis by Agarwal et al™” assessed the CV safety of DPP-
4 inhibitors, pooling 82 trials enrolling 73,678 patients and showing
no benefit of DPP-4 inhibitors on CV death, MI or stroke, whereas no
evaluation of CHF risk was performed in this study. Another meta-
analysis by Monami et al™ reported DPP-4 inhibitors reduce the
risk of CV events (particularly MI) and all-cause mortality. A weak



signal of increased CHF has been recently raised by another meta-
analysis enrolling a smaller number of patients (55,141 participants)
2. A meta-analysis by Savarese et al. (53) showed that the benefits
of DPP-4 inhibitors on MI risk in the short-term treatment (< 29
weeks) disappear with prolonged treatment, whereas the risk of CHF
increases significantly with prolonged treatment (=29 weeks).

It remains unclear how DPP-4 inhibitors affect risk of CHF. It
has been reported that DPP-4 inhibitors increase heart rate and tend
to lower blood pressure, which may be responsible for a chronic
adrenergic activation potentially increasing the risk of CHF™,
Saxagliptin, alogliptin, and sitagliptin were tested in RCTs designed
to assess CV outcomes, thus, more information is needed to assess
whether increased CHF risk represents a class effect or is limited to
specific drugs. Results of two ongoing RCTs: [Cardiovascular and
Renal Microvascular Outcome Study With Linagliptin in Patients
With Type 2 Diabetes Mellitus (CARMELINA) (NCT01897532 )
and Cardiovascular Outcome Study of Linagliptin versus Glimepiride
in Patients with Type 2 Diabetes (CAROLINA) (NCT01243424)
testing CV effects of DPP-4is are expected to clarify these aspects.

CV BENEFITS AND RISKS OF ACARBOSE

The CV benefits of acarbose treatment were first demonstrated by the
Study to Prevent Non-Insulin Dependent Diabetes Mellitus (STOP-
NIDDM) study™. The study found that acarbose treatment in people
with impaired glucose tolerance (IGT) was associated with a 49%
reduction in the incidence of newly diagnosed CV events over a
mean follow-up of 3.3 years. However, the CV events in STOP-
NIDDM study is very limited (12 events vs. 1 event in each arm). In
a meta-analysis of placebo-controlled studies of patients with type 2
diabetes treatment with acarbose reduced the risk of any CV event
by 35% (p= 0.006)>". However, in a substudy of patients with type
2 diabetes previously enrolled in the UKPDS (UKPDS 44), no effect
of acarbose on CVD events was observed after 3 years of follow-
up®”. In both studies”**", no increase of any symptoms of CHF was
observed in patients treated with acarbose. In summary, acarbose
may have beneficial CV effects on prediabetes and diabetic patients,
probably through lowering of post-prandial glucose.

CV BENEFITS AND RISKS OF SODIUM-
GLUCOSE CO-TRANSPORTERTYPE 2 (SGLT2)
INHIBITORS

Phase II-111 RCTs demonstrate that SGLT2 inhibitors improve
glucose control, body weight, visceral adiposity and blood pressure
when used as monotherapy or add-on to other OADs. In a systematic
review and meta-analysis, SGLT2 inhibitors significantly reduced
both systolic and diastolic blood pressure from baseline®™. SGLT2
inhibitor also can lower serum uric acid, an independent CV
marker, through alteration of uric acid transport activity in renal
tubule by increased glucosuria™. The other potential CV benefits
included changes in arterial stiffness'®, cardiac function, and cardiac
oxygen demand™”, cardiorenal effects”® ", and improvement in
albuminuria™*",

However, in another systematic review, a higher risk for
hypotension was found with SGLT2 inhibitors than with other
OADs"™. Orthostatic hypotension should be avoided in fragile
elderly patients, especially in those receiving loop diuretics, even if it
appears to be a rather rare event™. The effects of SGLT2 inhibitors

1o

on lipid profile appear controversial®’. For example, canagliflozin
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increased LDL-cholesterol by an average 8%, However, some
beneficial lipid effects such as increased HDL-cholesterol and
decreased triglycerides were also reported with canagliflozin”.
When added to a usual background regimen in an older population
with advanced type 2 diabetes and pre-existing CV disease,
dapagliflozin improved glycemic control without an increase in
hypoglycemic risk, promoted weight loss and was well-tolerated'®”.
However, this trial was not designed to investigate the effects of
dapagliflozin on CV events in this high-risk population. A meta-
analysis of CV outcomes based on 14 trials, yielded an odds ratio of
0.73 (95 % CI 0.46-1.16) for dapagliflozin treatment compared with
control™, In this meta-analysis, canagliflozin was associated with
neutral CV outcome (OR = 0.95; 95 % CI 0.71-1.26)”". The recently
published Empagliflozin Cardiovascular Outcome Event Trial in
Type 2 Diabetes Mellitus Patients trial (EMPA-REG OUTCOME)
is a double-blind placebo-controlled trial designed to determine the
CV safety of empaglifiozin (10 or 25 mg once daily) in a cohort of
patients with type 2 diabetes with high CV risk, as compared with
placebo, had a lower rate of the primary composite cardiovascular
outcome of death from cardiovascular causes, nonfatal myocardial
infarction, or nonfatal stroke and of death from any cause when
the study drug was added to standard care!®. These benefits were
observed in a population with established cardiovascular disease
in whom cardiovascular risk factors, including blood pressure and
dyslipidemia, were well treated with the use of renin—angiotensin—
aldosterone system inhibitors, statins, and acetylsalicylic acid.
There remain a number of large-scale prospective trials now
ongoing to demonstrate the safety and possibly the efficacy of
SGLT2 inhibitors on CV outcomes in type 2 diabetic patients at CV
risk”. The Dapagliflozin Effect on Cardiovascular Events-TIMI
Thrombolysis In Myocardial Infarction 58 (DECLARE TIMISS )
trial is a multicenter, randomized, double-blind, placebo-controlled
trial to evaluate the effect of dapaglifiozin 10 mg once daily on the
incidence of CV death, myocardial infarction or ischemic stroke
in patients with high risks for CV events type 2 diabetes'". The
Canagliflozin Cardiovascular Assessment Study (CANVAS) is a
double-blind, placebo-controlled trial designed to evaluate the effects
of canagliflozin (100 or 300 mg once daily) on the risk of CV disease
and to assess safety and tolerability in patients with inadequately
controlled type 2 diabetes and increased CV risk!"”. Results of all
these CV outcome trials will be available within the next few years.

CONCLUSION

In summary, current evidence support a possible beneficial CV effect
of metformin. Although first-generation SUs are associated with
adverse CV profiles, third- generation SUs seems to have safer CV
profile than older-generation SUs. Rosiglitazone probably moderately
increased CVD risk, while pioglitazone may lower CVD risk. Both
TZDs substantially increase CHF. Limited data demonstrated a
beneficial effect of acarbose on CVD. DPP-4 inhibitors seem be
neutral with regard to CVD but concerns remained with the elevated
risk for hospitalized CHF. As to SGLT2 inhibitors, the first published
trials revealed empaglifiozin reduced CV risks and mortality in type
2 diabetes patients with at high risk for CV events. It remains not yet
a class effect for all SGLT2 inhibitors and waiting for large-scale CV
outcome trials published. Several ongoing landmark CV outcome
trials are listed and summarized in Table 1. The exact CV safety
for TZDs (pioglitazone), DPP-4 inhibitors, and SGLT2 inhibitors
compared to SUs or placebo will be answered in the next few years.

© 2015 ACT. All rights reserved.



Hua SC et a/. CV benefits and risks of oral anti-diabetic agents

Drug/ Stufly T Baseline Comp?SIte primary NCT
comparator design therapy endpoint number
No evidence of coronar All-cause mortality, non-

Pioglitazone RCT, v y . fatal MI, non-fatal stroke, NCT
TOSCA IT or cerebrovascular Metformin monotherapy

/SU open label unplanned coronary 00700856

events, no CHF L
revascularization
. Largel tformi CV death, nonfatal MI, non-

CAROLINA Linagliptin IRCT, Eyldence .Of CVDor axalgii)zfl‘;nlj g(l);r?clirelss or fatal stroke or hospitalized NCT

/ glimepiride double-blind ~ high CV risk ] 01243424

acarbose unstable angina

Linaelinti CV death, nonfatal MI, non- NCT
CARMELINA inagliptin RCT High risk for CV events  Anti-diabetic therapy fatal stroke or hospitalized

/placebo . 01897532

unstable angina

DECLARE- Dapagliflozin/ RCT, . . L i . . NCT
TIMI5S haih double-blind High risk for CV events  Anti-diabetic therapy CV death, MI, ischemic stroke 01730534

Canagliflozin RCT, Vascular disease history, L. . CV death, nonfatal MI, non- NCT
CANVAS /placebo double-blind two or more risk factors /*nti-diabetic therapy fatal stroke 01032629

CV: cardiovascular; CHF: congestive heart failure; CVD: cardiovascular disease; RCT: randomized clinical trial; SU: sulfonylurea; MI: myocardial infarction

10. Boussageon R, Supper I, Bejan-Angoulvant T, Kellou N, Cuch-
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Reappraisal of metformin efficacy in the treatment of type 2 dia-
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effects of hypoglycemic agents on vascular complications in

CONFLICT OF INTERESTS

There are no conflicts of interest with regard to the present study.

REFERENCES

1. UK Prospective Diabetes Study (UKPDS) Group. Effect of in-
tensive blood-glucose control with metformin on complications patients with adult-onset diabetes. II. Mortality results. Diabetes
in overweight patients with type 2 diabetes (UKPDS 34). Lancet 1970; 19(Suppl):789-830
1998;352(9131):854-865 12. Canadian Diabetes Association Clinical Practice Guidelines Ex-

2. Action to Control Cardiovascular Risk in Diabetes Study Group, pert Committee, Harper W, Clement M, Goldenberg R,Hanna A,
Gerstein HC, Miller ME, Byington RP, Goff DC Jr, Bigger JT, Main A, Retnakaran R, Sherifali D, Woo V, Yale JF. Pharmacolog-
Buse JB, Cushman WC, Genuth S, Ismail-Beigi F, Grimm RH ic management of type 2 diabetes. Can J Diabetes 2013;37(suppl
Jr, Probstfield JL, Simons-Morton DG, Friedewald WT.Effects 1):S61-S68
of intensive glucose lowering in type 2 diabetes.N Engl J Med 13. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferran-
2008;358(24):2545-2559 nini E, Nauck M, Peters AL, Tsapas A, Wender R, Matthews

3. ADVANCE Collaborative Group, Patel A, MacMahon S, Chalm- DR;American Diabetes Association (ADA); European Association
ers J, Neal B, Billot L, Woodward M, Marre M, Cooper M, for the Study of Diabetes (EASD). Management of hyperglycemia
Glasziou P, Grobbee D, Hamet P, Harrap S, Heller S, Liu L, in type 2 diabetes: a patient-centered approach: position statement
Mancia G, Mogensen CE, Pan C, Poulter N, Rodgers A, Williams of the American Diabetes Association (ADA) and the European
B, Bompoint S, de Galan BE, Joshi R, Travert F.Intensive blood Association for the Study of Diabetes (EASD). Diabetes Care
glucose control and vascular outcomes in patients with type 2 dia- 2012;35(6):1364-1379
betes.N Engl J Med 2008;358(24):2560-2572 14.  Garratt KN, Brady PA, Hassinger NL, Grill DE, Terzic A, Holmes

4. Duckworth W, Abraira C, Moritz T, Reda D, Emanuele N, Reaven
PD, Zieve FJ, Marks J, Davis SN, Hayward R, Warren SR, Gold-
man S, McCarren M, Vitek ME, Henderson WG, Huang GD;

DR Jr. Sulfonylurea drugs increase early mortality in patients with
diabetes mellitus after direct angioplasty for acute myocardial in-
farction. ] Am Coll Cardiol 1999;33(1):119-124

VADT Investigators.Glucose control and vascular complications 15. Johnson JA, Majumdar SR, Simpson SH, Toth EL. Decreased

in veterans with type 2 diabetes.N Engl J Med 2009;360(2):129- mortality associated with the use of metformin compared with

139 sulfonylurea monotherapy in type 2 diabetes. Diabetes Care
5. Desouza C, Salazar H, Cheong B, Murgo J, Fonseca V. Associa- 2002;25(12):2244-2248

tion of hypoglycemia and cardiac ischemia: a study based on con- 16. Evans JM, Ogston SA, Emslie-Smith A, Morris AD. Risk of mor-

tinuous monitoring. Diabetes Care. 2003;26(5):1485-1489 tality and adverse cardiovascular outcomes in type 2 diabetes: a
6. Nissen SE, Wolski K.Effect of rosiglitazone on the risk of myo- comparison of patients treated with sulfonylureas and metformin.

cardial infarction and death from cardiovascular causes. N Engl J Diabetologia 2006;49(5):930-936

Med 2007;356(24):2457-2471 17. Pantalone KM, Kattan MW, Yu C, Wells BJ, Arrigain S, Jain
7. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10- A, Atreja A, Zimmerman RS. The risk of overall mortality in

year follow-up of intensive glucose control in type 2 diabetes. N patients with type 2 diabetes receiving glipizide, glyburide, or

Engl J Med 2008;359(15):1577-1589 glimepiride monotherapy: a retrospective analysis. Diabetes Care
8. Selvin E, Bolen S, Yeh HC, Wiley C, Wilson LM, Marinopoulos 2010;33(6):1224-1229

SS, Feldman L, Vassy J, Wilson R, Bass EB, Brancati FL. Cardio- 18. Gallwitz B, Rosenstock J, Rauch T, Bhattacharya S, Patel S, von

vascular outcomes in trials of oral diabetes medications: a system- Eynatten M, Dugi KA, Woerle HJ. 2-year efficacy and safety

atic review. Arch Intern Med 2008;168(19):2070-2080 of linagliptin compared with glimepiride in patients with type 2
9. Lamanna C, Monami M, Marchionni N, Mannucci E. Effect diabetes inadequately controlled on metformin: a randomised,

of metformin on cardiovascular events and mortality: a meta- double-blind, non-inferiority trial. Lancet 2012;380(9840):475-

analysis of randomized clinical trials. Diabetes Obes Metab 483

2011;13(3):221-228 19. Rao AD, Kuhadiya N, Reynolds K, Fonseca VA. Is the combina-

© 2015 ACT. All rights reserved.



20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

tion of sulfonylureas and metformin associated with an increased
risk of cardiovascular disease or all-cause mortality?: a meta-
analysis of observational studies. Diabetes Care 2008;31(8):1672-
1678

Selvin E, Bolen S, Yeh HC, Wiley C, Wilson LM, Marinopoulos
SS, Feldman L, Vassy J, Wilson R, Bass EB, Brancati FL. Cardio-
vascular outcomes in trials of oral diabetes medications: a system-
atic review. Arch Intern Med 2008;168(19):2070-2080

Ashcroft FM, Gribble FM. Tissue-specific effects of sulfonyl-
ureas: lessons from studies of cloned K(ATP) channels. J Diabetes
Complications 2000;14(4):192-196

Bolli R. Preconditioning: a paradigm shift in the biology
of myocardial ischemia. Am J Physiol Heart Circ Physiol
2007;292(1):H19-H27

Hausenloy DJ, Yellon DM. Preconditioning and postcondition-
ing: new strategies for cardioprotection. Diabetes Obes Metab
2008;10(6):451-459

Landstedt-Hallin L, Englund A, Adamson U, Lins PE. Increased
QT dispersion during hypoglycaemia in patients with type 2 dia-
betes mellitus. J Intern Med 1999;246(3):299-307

Desouza C, Salazar H, Cheong B, Murgo J, Fonseca V. Associa-
tion of hypoglycemia and cardiac ischemia: a study based on con-
tinuous monitoring. Diabetes Care 2003;26(5):1485-1489

Nordin C. The proarrhythmic effect of hypoglycemia: evidence
for increased risk from ischemia and bradycardia. Acta Diabetol
2014;51(1):5-14

Abdelmoneim AS, Hasenbank SE, Seubert JM, Brocks DR,
Light PE, Simpson SH. Variations in tissue selectivity amongst
insulin secretagogues: a systematic review. Diabetes Obes Metab
2012;14(2):130-138

Schernthaner G, Grimaldi A, Di Mario U, Drzewoski J, Kem-
pler P, Kvapil M, Novials A, Rottiers R, Rutten GE, Shaw KM.
GUIDE study: double-blind comparison of once-daily gliclazide
MR and glimepiride in type 2 diabetic patients.Eur J Clin Invest
2004;34(8):535-542

Gangji AS, Cukierman T, Gerstein HC, Goldsmith CH, Clase CM.
A systematic review and meta-analysis of hypoglycemia and car-
diovascular events: a comparison of glyburide with other secreta-
gogues and with insulin. Diabetes Care 2007;30(2):389-394
Hemmingsen B, Schroll JB, Wetterslev J, Gluud C, Vaag A, Sonne
DP, Lundstrom LH, Almdal T. Sulfonylurea versus metformin
monotherapy in patients with type 2 diabetes: a Cochrane system-
atic review and meta-analysis of randomized clinical trials and
trial sequential analysis. CMAJ Open 2014; 2(3): E162-175.

Scot H Simpson, Jayson lee, Sabina Choi, ben Vandermeer,
Ahmed S Abdelmoneim, Travis R Featherstone. Mortality risk
among sulfonylureas: a ststemic review and netweork meta-analy-
sis. Lancet Diabetes Endocrinol2015;3:45-51

Vaccaro O, Masulli M, Bonora E, Del Prato S, Giorda CB, Mag-
gioni AP, Mocarelli P, Nicolucci A, Rivellese AA, Squatrito
S,Riccardi G; TOSCA.IT study group (Thiazolidinediones Or
Sulphonylureas and Cardiovascular Accidents. Intervention Trial).
Addition of either pioglitazone or a sulfonylurea in type 2 diabetic
patients inadequately controlled with metformin alone: impact on
cardiovascular events. A randomized controlled trial. Nutr Metab
Cardiovasc Dis 2012;22(11):997-1006

Rosenstock J, Marx N, Kahn SE, Zinman B, Kastelein JJ, Lachin
JM, Bluhmki E, Patel S, Johansen OE, Woerle HJ. Cardiovascular
outcome trials in type 2 diabetes and the sulphonylurea contro-
versy: rationale for the active-comparator CAROLINA trial. Diab
Vasc Dis Res 2013;10(4):289-301

Nissen SE, Wolski K. Rosiglitazone revisited: an updated meta-
analysis of risk for myocardial infarction and cardiovascular mor-
tality. Arch Intern Med 2010;170(14):1191-1201

Singh, S; Loke, YK, Furberg, CD. Long-term risk of cardiovas-
cular events with rosiglitazone: a meta-analysis. JAMA 2007;298
(10): 1189-95

Hua SC et a/. CV benefits and risks of oral anti-diabetic agents

391

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Dormandy JA, Charbonnel B, Eckland DJ, Erdmann E, Massi-
Benedetti M, Moules 1K, Skene AM, Tan MH, Lefébvre
PJ,Murray GD, Standl E, Wilcox RG, Wilhelmsen L, Betteridge J,
Birkeland K, Golay A, Heine RJ, Koranyi L, Laakso M, Mokéan M,
Norkus A, Pirags V, Podar T, Scheen A, Scherbaum W, Scherntha-
ner G, Schmitz O, Skrha J, Smith U, Taton J;PROactive investiga-
tors. Secondary prevention of macrovascular events in patients
with type 2 diabetes in the PROactive Study (PROspectivepio-
glitAzone Clinical Trial In macroVascular Events): a randomised
controlled trial. Lancet 2005;366(9493):1279-1289

Erdmann E, Dormandy JA, Charbonnel B, Massi-Benedetti M,
Moules IK, Skene AM; PROactive Investigators. The effect of
pioglitazone on recurrent myocardial infarction in 2,445 patients
with type 2 diabetes and previous myocardial infarction: results
from the PROactive (PROactive 05) Study. J Am CollCardiol
2007; 49(17): 1772-1780

Wilcox R, Bousser MG, Betteridge DJ, Schernthaner G, Pirags V,
Kupfer S, Dormandy J; PROactive Investigators. Effects of pio-
glitazone in patients with type 2 diabetes with or without previous
stroke: results from PROactive (PROspectivepioglitAzone Clini-
cal Trial In macroVascular Events 04). Stroke 2007; 38(3): 865-
873

Mazzone T, Meyer PM, Feinstein SB, Davidson MH, Kondos GT,
D'Agostino RB Sr, Perez A, Provost JC, Haffner SM. Effect of
pioglitazone compared with glimepiride on carotid intima-media
thickness in type 2 diabetes: a randomized trial. JAMA 2006;
296(21): 2572-2581

Nissen SE, Nicholls SJ, Wolski K, Nesto R, Kupfer S, Perez A,
Jure H, De Larochelliére R, Staniloae CS, Mavromatis K,Saw J,
Hu B, Lincoff AM, Tuzcu EM; PERISCOPE Investigators. Com-
parison of pioglitazone vs glimepiride on progression of coronary
atherosclerosis in patients with type 2 diabetes: the PERISCOPE
randomized controlled trial. JAMA 2008; 299(13):1561-73
Graham DJ, Ouellet-Hellstrom R, MaCurdy TE, Ali F, Sholley
C, Worrall C, Kelman JA. Risk of acute myocardial infarction,
stroke, heart failure, and death in elderly Medicare patients treated
with rosiglitazone or pioglitazone. JAMA 2010;304(4):411-418.
Pyorilda M, Miettinen H, Halonen P, Laakso M, Pyorélad K. Insulin
resistance syndrome predicts the risk of coronary heart disease
and stroke in healthy middle-aged men: the 22-year follow-up
results of the Helsinki Policemen Study. Arterioscler Thromb Vasc
Biol 2000;20(2):538-544

Schernthaner G, Chilton RJ. Cardiovascular risk and thiazoli-
dinediones--what do meta-analyses really tell us? Diabetes Obes
Metab 2010;12(12):1023-1035

Deeg MA, Buse JB, Goldberg RB, Kendall DM, Zagar AJ, Jac-
ober SJ, Khan MA, Perez AT, Tan MH; GLAI Study Investigators.
Pioglitazone and rosiglitazone have different effects on serum li-
poprotein particle concentrations and sizes in patients with type 2
diabetes and dyslipidemia. Diabetes Care 2007;30(10):2458-2464
Guan Y, Hao C, Cha DR, Rao R, Lu W, Kohan DE, Magnuson
MA, RedhaR, Zhang Y, Breyer MD. Thiazolidinediones expand
body fluid volume through PPARgamma stimulation of ENaC-
mediated renal salt absorption.Nat Med 2005; 11(8): 861-866
Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J, Hirsh-
berg B, Ohman P, Frederich R, Wiviott SD, Hoffman EB, Cavender
MA, Udell JA, Desai NR, Mosenzon O, McGuire DK, Ray KK,
Leiter LA, Raz I. SAVOR-TIMI 53 Steering Committee and Inves-
tigators. Saxagliptin and cardiovascular outcomes in patients with
type 2 diabetes mellitus.N Engl J Med 2013; 369(14): 1317-1326
Vildagliptin in Ventricular Dysfunction Diabetes Trial (VIVIDD).
European Heart failure Meeting, Lisbon, May 2013, 2013

White WB, Cannon CP, Heller SR, Nissen SE, Bergenstal RM,
Bakris GL, Perez AT, Fleck PR, Mehta CR, Kupfer S, Wilson C,
Cushman WC, Zannad F. EXAMINE Investigators. Alogliptin
after acute coronary syndrome in patients with type 2 diabetes.N
Engl J Med 2013;369(14):1327-1335

© 2015 ACT. All rights reserved.



Hua SC et a/. CV benefits and risks of oral anti-diabetic agents

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Green JB, Bethel MA, Armstrong PW, Buse JB, Engel SS, Garg
J, Josse R, Kaufman KD, Koglin J, Korn S, Lachin JM, McGuire
DK, Pencina MJ, Standl E, Stein PP, Suryawanshi S, Van de Werf
F, Peterson ED, Holman RR; TECOS Study Group. Effect of Sita-
gliptin on Cardiovascular Outcomes in Type 2 Diabetes. N Engl J
Med 2015; 373(3):232-42

Agarwal S, Parashar A, Menon V. Meta-analysis of the cardiovas-
cular outcomes with dipeptidyl peptidase 4 inhibitors: validation
of the current FDA mandate. Am J Cardiovasc Drugs 2014; 14(3):
191-207

MonamiM, Ahrén B, Dicembrini I, Mannucci E. Dipeptidyl pep-
tidase-4 inhibitors and cardiovascular risk: a meta-analysis of ran-
domized clinical trials. Diabetes ObesMetab 2013; 15(2):112-120
Wau S, Hopper I, Skiba M, Krum H. Dipeptidyl peptidase-4 inhibi-
tors and cardiovascular outcomes: meta-analysis of randomized
clinical trials with 55,141 participants. Cardiovasc Ther 2014;
32(4): 147-158

Savarese G, Perrone-Filardi P, D'Amore C, Vitale C, Trimarco B,
Pani L, Rosano GM. Cardiovascular effects of dipeptidyl pepti-
dase-4 inhibitors in diabetic patients: A meta-analysis.Int J Cardiol
2015;181:239-244

Marney A, Kunchakarra S, Byrne L, Brown NJ. Interactive he-
modynamic effects of dipeptidyl peptidase-IV inhibition and an-
giotensin-converting enzyme inhibition in humans. Hypertension
2010; 56(4):728-733

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(4): 486-494

Hanefeld M, Cagatay M, Petrowitsch T, Neuser D, Petzinna D,
Rupp M. Acarbose reduces the risk for myocardial infarction in
type 2 diabetic patients: meta-analysis of seven long-term studies.
Eur. Heart J 2004;25(1):10-16

Holman RR, Cull CA, Turner RC. A randomized double-blind trial
of acarbose in type 2 diabetes shows improved glycemic control
over 3 years (U.K. Prospective Diabetes Study 44). Diabetes Care
1999;22(6):960-964

Baker WL, Smyth LR, Riche DM, Bourret EM, Chamberlin KW,
White WB. Effects of sodium-glucose co-transporter 2 inhibitors
on blood pressure: a systematic review and meta-analysis. J] Am
Soc Hypertens 2014;8(4):262-275

Chino Y, Samukawa Y, Sakai S, Nakai Y, Yamaguchi J, Nakanishi
T, Tamai I. SGLT2 inhibitor lowers serum uric acid through al-
teration of uric acid transport activity in renal tubule by increased
glycosuria. Biopharm Drug Dispos 2014;35(7):391-404

Cardoso CR, Ferreira MT, Leite NC, Salles GF. Prognostic im-
pact of aortic stiffness in high-risk type 2 diabetic patients: the
Rio de Janeiro Type 2 Diabetes Cohort Study. Diabetes Care
2013;36:3772-3778

© 2015 ACT. All rights reserved.

392

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Ronco C, McCullough P, Anker SD, et al. Cardio-renal syn-
dromes: report from the consensus conference of the Acute Dialy-
sis Quality Initiative. Eur Heart J 2010;31:703-711

Barnett AH, Mithal A, Manassie J, et al. Efficacy and safety of
empagliflozin added to existing antidiabetes treatment in patients
with type 2 diabetes and chronic kidney disease: a randomised,
double-blind, placebo-controlled trial. Lancet Diabetes Endocrinol
2014;2:369-384

Bakris GL, Molitch M. Microalbuminuria as a risk predictor in
diabetes: the continuing saga. Diabetes Care 2014;37:867-875
Vasilakou D, Karagiannis T, Athanasiadou E, Mainou M, Liakos
A, Bekiari E, Sarigianni M, Matthews DR, Tsapas A. Sodium-
glucose cotransporter 2 inhibitors for type 2 diabetes: a systematic
review and meta-analysis. Ann Intern Med2013;159(4):262-274
Ptaszynska A, Hardy E, Johnsson E, Parikh S, List J. Effects
of dapagliflozin on cardiovascular risk factors. Postgrad Med
2013;125(3):181-189

Mikhail N. Safety of canagliflozin in patients with type 2 diabetes.
Curr Drug Saf 2014;9(2):127-132

Plosker GL. Canagliflozin: a review of its use in patients with type
2 diabetes mellitus. Drugs 2014;74(7):807-824

Leiter LA, Cefalu WT, de Bruin TW, Gause-Nilsson I, Sugg J,
Parikh SJ. Dapagliflozin added to usual care in individuals with
type 2 diabetes mellitus with preexisting cardiovascular disease:
a 24-week, multicenter, randomized, double-blind, placebo-
controlled study with a 28-week extension. ] Am GeriatrSoc
2014;62(7):1252-62

Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel
S, Mattheus M, Devins T, Johansen OE, Woerle HJ, Broedl UC,
Inzucchi SE; EMPA-REG OUTCOME Investigators. Empa-
gliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Dia-
betes. N Engl J Med 2015 Sep 17. [Epub ahead of print]

Foote C, Perkovic V, Neal B. Effects of SGLT2 inhibitors on car-
diovascular outcomes. Diab Vasc Dis Res 2012;9(2):117-123
Neal B, Perkovic V, de Zeeuw D, Mahaffey KW, Fulcher G, Stein P,
Desai M, Shaw W, Jiang J, Vercruysse F, Meininger G,Matthews D.
Rationale, design, and baseline characteristics of the Canagliflozin
Cardiovascular Assessment Study (CANVAS)--a randomized
placebo-controlled trial. Am Heart J 2013; 166(2):217-223.e11
Inzucchi SE, Zinman B, Wanner C, Ferrari R, Fitchett D, Hantel S,
Espadero RM, Woerle HJ, Broedl UC, Johansen OE. SGLT-2 in-
hibitors and cardiovascular risk: proposed pathways and review of
ongoing outcome trials. Diab Vasc Dis Res 2015 Mar; 12(2):90-
100.

Peer reviewers: Manfredi Rizzo, MD, PhD, BioMedical Depart-
ment of Internal Medicine and Medical Specialties, University
of Palermo, Via del Vespro, 143 - 90127, Palermo, Italy; Murali
Alagesan, Professor of Internal Medicine, PSG Institute of Medical
Sciences & Research, Coimbatore, Tamilnadu, India.



