
DIABETES AND CARDIOVASCULAR DISEASE (S MALIK, SECTION EDITOR)

Beneficial and Detrimental Effects of Glycemic Control
on Cardiovascular Disease in Type 2 Diabetes

Pam R. Taub & Erin Higginbotham &

Robert R. Henry

Published online: 12 January 2013
# Springer Science+Business Media New York 2013

Abstract Epidemiological data demonstrates that improved
regulation of blood glucose correlates with better cardiovas-
cular (CV) outcomes. Conversely, some interventional stud-
ies have demonstrated that tight glycemic control has no
benefit or can even result in worse CV outcomes. These
conclusions parallel the paradox that glycemic control has
proven beneficial for microvascular outcomes, while few
studies have demonstrated significant macrovascular bene-
fits. This imprecise understanding conveys the need to better
comprehend the mechanisms of glycemic control and its
impact on CV disease. Such variations in data also require
a more comprehensive approach to diabetes and CV disease
in which multiple biomarkers such as low density lipopro-
tein (LDL), low adiponectin, elevated C-reactive protein
(CRP) and well established clinical parameters such as high
blood pressure, weight, and functional status are incorporat-
ed into clinical decision making. Reliance on one parameter
in isolation such as glycemic control and one biomarker
such as HbA1C does not provide an accurate assessment
of CV outcomes.
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Introduction

Type 2 diabetes (T2D) is one of the most commonly diag-
nosed illnesses worldwide. The prevalence of diabetes is
growing at an alarming rate, it is estimated that 346 million
people worldwide live with diabetes [1]. In the U.S alone
25.8 million Americans are affected by T2D, with 7 million
of those cases still undiagnosed [2]. There is significant
morbidity associated with diabetes, making it the 7th lead-
ing cause of death in the U.S [2].

Over the past two decades a variety of treatments have
emerged to control blood glucose levels, and reduce or delay
some of the detrimental impacts of this disease. While the
American Diabetes Association (ADA) recommendations
for HbA1C levels have remained around 7 %, dosage aug-
mentation and combinational therapy have made it possible
in some circumstances to significantly reduce blood glucose
to near normal levels (~6.0 % HbA1C). This has provoked
research studies to assess whether “intensive glycemic reg-
ulation” would reduce microvascular (neuropathy, retinopa-
thy, nephropathy) and macrovascular (atherosclerosis,
peripheral vascular disease, stroke) risks more than conven-
tional treatment measures aimed at 7.0 % HbA1C. The
United Kingdom Prospective Diabetes Study (UKPDS)
was able to show a significant link between intensive glu-
cose control and a decreased risk of microvascular outcomes
(p00.0099), supported by later epidemiological studies [3,
4]. This result was validated by another randomized clinical
trial (RCT), ADVANCE [5]. While these studies have
reported risk reductions in microvascular outcomes with
intensive regulation, the link between glycemic control and
macrovascular outcomes has yet to be established. Single
macrovascular endpoints have approached significance,
such as myocardial infarction in UKPDS, but overall benefit
remains non-significant across recent studies [3, 6].
Conflicting evidence, non-significant results, and protocol
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differences among the studies have prevented a solid con-
clusion from being made (Table 1). Part of this issue is the
lack of consistency in defining what is meant by “tight” or
intensive glycemic control and who constitutes the optimal
patient population for such intervention. Thus, the current
treatment recommendations of the ADA remain at an
HbA1C of ≤7.0 % [12].

While diabetes raises the risk of many life-
threatening illnesses, heart disease and stroke are the
leading causes of death among diabetics, motivating
the American Heart Association to label diabetes as
one of the six major controllable risk factors for pre-
vention of cardiovascular disease [13]. However, the
impact of glycemic control is still not fully understood.
Indirect benefit of glycemic control has been suggested
through the reduction of microvascular outcomes asso-
ciated with glycemic control, but recent interventional
studies have yet to show overall cardiovascular macro-
vascular benefits of tight glycemic control [5, 7••, 14].
Furthermore, epidemiological studies have demonstrated
that tight glycemic control could pose risks to cardio-
vascular health in high CV risk individuals possibly
through pathological hypoglycemic events [7••, 8••, 9,
15]. This incomplete understanding ultimately necessitates
further research into the effects of glycemia on microvascular
andmacrovascular disease onset (Fig. 1), as well as the precise
mechanisms of hyperglycemia and hypoglycemia on cardio-
vascular outcomes. It is hypothesized that because

microvascular disease occurs later in the course of disease
and is a direct manifestation of glucose toxicity that tight
control of blood sugars improves these outcomes [21]. In
contrast, macrovascular diseases begin earlier in the course
of diabetes, even before disease onset, and there are multiple
mechanisms including inflammation, lipid oxidation, and
platelet reactivity that contribute to its pathogenesis, and thus
glycemic control alone may not fully impact outcomes [21].
To fully understand the impact of macrovascular disease,
multiple biomarkers that reflect the complexity of macrovas-
cular disease such as LDL, CRP and adiponectin need to be
examined along with HbA1C.

Table 1 Participant baseline characteristics, post-study HbA1C, and relative risk reduction (RRR) achieved across UKPDS, ACCORD, AD-
VANCE, and VADT clinical trials [3, 7••, 8••, 9–11]

Characteristics UKPDS ACCORD ADVANCE VADT

Number of patients 4,209 10, 251 11,140 1,791

Mean age 53 62 66 60.4

Duration of DM2 – 10 yr 8 yr 11.5 yr

History of CVD 2 % 35 % 32 % 40 %

Baseline BMI 27.5 32 28 31

Baseline A1C 7.08 % 8.3 % 7.5 % 9.4 %

A1C achieved(Intensive vs standard therapy) 7.0 % vs. 7.9 % 6.4 % vs. 7.5 % 6.5 % vs. 7.3 % 6.9 % vs. 8.4 %

RRR microvascular events 0.75 (0.6 – 0.93)* 1.00 (0.88 – 1.14) 0.86 (0.77– 0.97)* N/Aa

RRR macrovascular events N/Ab 0.90 (0.78 – 1.04) c 0.94 (0.84– 1.06)d 0.88 (0.74 – 1.05) e

RRR CVD events N/Af 0.90 (0.78 – 1.04) 0.94 (0.84 – 1.06) 0.88 (0.74 – 1.05) g

RRR mortality 0.94 (0.8 – 1.10) 1.22 (1.01 – 1.46)* 0.93 (0.83 – 1.06) 1.07 (0.80 – 1.42)

a No aggregate microvascular risk reduction was reported for VADT. The number of microvascular events between intensive therapy and standard
therapy groups did not differ significantly
b,f No aggregate end points were drawn for macrovascular or cardiovascular events. Myocardial infarction, stroke, and amputation or death from
peripheral vascular disease (PVD) were analyzed, all relative risk reductions were non significant
c,d Major Macrovascular events in ACCORD and ADVANCE trials were defined as death from cardiovascular causes, nonfatal myocardial
infarction, or nonfatal stroke
e,g The primary endpoint in VADT was a composition of cardiovascular events: myocardial infarction, stroke, death from cardiovascular causes,
new or worsening congestive heart failure, surgical intervention for cardiac, cerebrovascular, or peripheral vascular disease, inoperable coronary
artery disease, and amputation for ischemic gangrene

Fig. 1 Relative risk of diabetes-related macrovascular and microvas-
cular complications with respect to hemoglobin A1C values, roughly
correlating to years since diagnosis. (Adapted from [16–20])
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Review of Studies Illustrating the Benefits of Tight
Glycemic Control

Interventional

United Kingdom Prospective Diabetes Study (UKPDS)

The United Kingdom Prospective Diabetes Study was
the first large-scale, longitudinal study to follow indi-
viduals diagnosed with T2D. The interventional period
ranged from 1977–1991 and patients were followed post
interventionally for a median of 10 years [4]. Partici-
pants had a median age of 53 years, were newly diag-
nosed with T2D, and exclusionary criteria included
myocardial infarction in the previous year, current angi-
na or heart failure, or more than one previous vascular
event [3]. The 4209 participants were divided into four
cohorts: two “intensive therapy” groups, which utilized
sulfonylureas with possible combination insulin, or met-
formin alone to lower glycated hemoglobin levels. Each
intensive therapy group was then compared against a
standard, “conventional therapy” cohort which continued di-
etary therapy in the absence of drugs. For sulfonylurea vs.
conventional therapy, the intensive control group started with
an HbA1C of 7.05 %, while the dietary therapy cohort had a
median baseline HbA1C of 7.09 % [3]. In the metformin vs
conventional therapy study, the intensive therapy metformin
study group started with a median HbA1C of 7.3 %; the
dietary therapy group median baseline HbA1C was 7.1 %
[22]. Over 10 years, tight glycemic control with sulfonylureas
achieved a median HbA1C level of 7.0 %, while the conven-
tional therapy group limited levels to a median of 7.9 % [22].
Similarly, metformin-regulated tight glycemic control
achieved an HbA1C level of 7.4 % vs. 8.0 % in the dietary
control group [23].

Significant results of the sulfonylurea-insulin group
include a 25 % decrease in risk of microvascular end-
points in the intensive therapy group versus convention-
al therapy (HR 0.75, CI 0.60–0.93, p00.0099) [3].
With regard to single endpoints, only a decreased risk
in retinal photocoagulation was observed (HR 0.71,
CI00.53–0.98, p00.0031). For the metformin cohort,
there were significant risk reductions for any diabetes-
related endpoint, diabetes-related deaths, and all-cause
mortality (p≤0.017 for all outcomes) [22]. No conclu-
sive evidence could be drawn about other outcomes,
though decreased risk of myocardial infarction approached
significance in the sulfonylurea group (p00.052) [3]. There
was no evidence found for differences in other macrovascular
endpoints [3]. Overall, the study suggests that glycemic reg-
ulation has beneficial effects in reducing diabetic endpoints
and microvascular disease, but plays little role in risk reduc-
tion of macrovascular end-points.

Action in Diabetes and Vascular Disease: Preterax
and Diamicron MR Controlled Evaluation (ADVANCE)

ADVANCE was an international study, conducted from
2003–2008, to assess blood pressure regulation and glycemic
control on microvascular and macrovascular disease. Median
age was 66 years and all participants were considered at-risk
for vascular events, including myocardial infarction, stroke, or
unstable angina [24]. Over 11,140 participants were divided
into two intensive therapy groups: one receiving perindopril/
indapamide combinational therapy for blood pressure lower-
ing, the other received the sulfonylurea gliclazide to
intensively-regulate glycemic levels [24]. Each intensive ther-
apy group was compared against a standard therapy group
utilizing conventional therapy. Intensive glycemic regulation
aimed for HbA1C levels at or below 6.5 %, and permitted
additional treatments if necessary, to reach the desired A1C
level [5]. The standard and intensive glycemic regulation
groups had a mean A1C of 7.5 % at the start of the trial and
over a median of 5 years of treatment, levels had receded to
7.3 % in the standard group and 6.5 % in the intensive
treatment group [9]. Significant results in the intensive treat-
ment group included microvascular risk reduction of 14 %
(HR 0.86, CI 0.77–0.97, p00.01) with increased hypoglyce-
mic events (HR 1.86, CI 1.42–2.40, p<0.001) [9]. Intensive
glycemic control also resulted in decreased systolic blood
pressure, but with increased weight gain with respect to the
standard therapy group (p<0.001 for both outcomes) [5].
There was no significant difference between overall mortality
rates of the group, or macrovascular end-points, despite the
maintained glycemic differences by the different therapies [9].
The intensive therapy cohort experienced a nonsignificant
decrease in cardiovascular mortality (12 %), though it was
suggested that microvascular benefits could contribute to
overall better cardiovascular outcomes [5].

Epidemiological

Several longitudinal epidemiological studies have utilized
UKPDS data to draw conclusions about the effects of gly-
cemic control on long-term mortality and development of
cardiovascular disease [10, 25, 26]. In the ten-year follow up
UKPDS study both conventional and intensive study
cohorts were monitored after participants were released
from commitment to their pre-prescribed therapies [4]. Par-
ticipants were asked to attend UKPDS clinics for 5 years,
and were monitored by annual questionnaires if not able to
attend the clinics. Notable was the long-term maintenance of
microvascular risk reduction of the sulfonylurea intensive
therapy group compared to the standard treatment group
(p00.001, HR 0.76, CI 0.64–0.89), despite the disappear-
ance of glycemic differences between the two groups [4].
Additionally, the intensive glycemic control group showed
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significant relative risk decreases in any diabetes-related
outcomes (p00.04), myocardial infarction (p00.01) and
death from any cause (p00.007) [4]. The maintenance of
risk reduction despite eventual increases in HbA1C is nota-
ble, and the results suggest that there may be legacy benefits
of prior glycemic control that become more apparent over
longer periods of time [3, 4].

Review of Studies that Suggest Detrimental
or Insignificant Outcomes of Tight Glycemic Regulation

Interventional

Action to Control Cardiovascular Risk in Diabetes
(ACCORD) Study

The ACCORD study was a long-term, interventional study
aimed at assessing cardiovascular impacts of tight glycemic
control. Over 10,251 participants, with a median years of
62.2, and a median 9.0 years after initial diagnosis, were
randomized and followed from 2003–2009 [27]. The study
assigned participants to either a standard therapy group which
targeted anHbA1C of 7.0 %–7.9% or intensive therapy group
aimed for normoglycemic levels of <6.0 % HbA1C [8••]. The
groups were then randomized to receive either standard or
intensive blood pressure regulation therapy, or lipid regulation
therapy, with a statin plus either fenofibrate or placebo for
intensive and standard therapy groups respectively. Intensive
therapy treatment was terminated mid study due to increased
mortality [28]. This is consistent with data from the point of
intensive therapy termination, where death from any cause in
the intensive-therapy group was 21 % higher (HR 1.46, CI
1.02–1.44, p00.036) [8••]. At the point of termination of
intensive glycemic regulation nonfatal myocardial infarctions
were lower in the intensive therapy group, a trend that main-
tained significance until the end of the study (p00.01 for both
time points) [8••]. However, death from cardiovascular causes
was higher in the intensive therapy group at the end of the
study (p<0.02) [14]. The increased mortality can be attributed
to the study cohort’s baseline cardiovascular risk, as well as
median duration of diabetes of 10 years, which has been
implicated as a key factor in retrospective studies [29, 30].

Veterans Affairs Diabetes Trial (VADT)

The VADTwas a five-year study aimed to assess cardiovas-
cular effects of intensive glycemic regulation in T2Ds at
high CV risk. Over 1791 participants were enrolled by 2003
and divided into intensive control and standard control
cohorts [7••]. Participants were a mean 60 years of age,
97 % males, with a protocol-necessitated HbA1C>7.5 %
[7••]. Exclusion criteria included congestive heart failure,

severe angina, or the occurrence of a cardiovascular event
six months before study enrollment [31]. Both groups uti-
lized the same pharmaceutical measures, but different dos-
age prescription aimed to generate an HbA1C difference of
at least 1.5 % between the groups, and the intensive group
attempted to achieve near normal levels of HbA1C [31]. The
standard therapy and intensive therapy cohorts started with
mean baseline HbA1C levels of 9.4 % and reduced these
levels to 8.4 % in standard therapy and 6.9 % in intensive
therapy over the five-year study period [7••]. There were no
significant differences in microvascular events between the
groups, nor significant differences in any of the primary and
secondary outcomes, which included myocardial infarction,
stroke, death from cardiovascular cause, congestive heart
failure, and death from any cause. One retrospective study
examined coronary artery calcification (CAC) and aortic
artery calcification (ACC) specifically, and demonstrated
no significant difference in progression of these pathologies
between intensive therapy and standard therapy groups,
though a similar retrospective analysis showed a significant
reduction (p00.03) in cardiovascular events in the intensive
therapy group among participants with lower baseline CAC
[32, 33]. Significant results hinged upon differences in
hypoglycemic events. Over eight separate measurements,
the intensive therapy group scored significantly higher in
the number of events (p<0.001), including hypoglycemic
events with symptoms, of which the standard therapy group
experiences 383 events per 100 patient years, while the
intensive therapy group experienced 1333 hypoglycemic
events over the follow-up period (p<0.001) [7••]. Ulti-
mately, there was no relative decrease in cardiovascular
outcomes for the intensive therapy group [7••].

Epidemiological

Retrospective epidemiological analyses have been con-
ducted using the ADVANCE patient data as well. One study
examined the correlations between hypoglycemic events
and microvascular, macrovascular, and cardiovascular out-
comes and found clear increases in severe hypoglycemic
events (blood glucose <2.8 mmol/L) in the intensive therapy
glycemic control group (HR 1.86 CI 1.40–2.40) [34].
Adjusting for co-variability (i.e., gender, disease duration,
treatment, and risk factors), after one severe hypoglycemic
event there was increased instances of macrovascular events
(HR 3.45 CI 2.34–5.08 p<0.001), microvascular events
(HR 2.07, CI 1.32–3.26, p<0.001), and death from cardio-
vascular cause (HR 3.78, CI 2.34–6.11, p<0.001) [34]. The
association between intensive glucose regulation and hypo-
glycemia from this study suggests intensive glycemic regula-
tion is a predictor for increased vulnerability to microvascular,
macrovascular, and adverse cardiovascular outcomes illustrat-
ed in other studies [27, 33].
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Review of Antihyperglycemia Treatments
on Cardiovascular Outcomes

With the advent of new drugs to treat T2D over the past
decades, physicians now have greater ability to tailor indi-
vidual treatment plans to better regulate hyperglycemia
(Table 2). Consequently, this poses a dilemma for physi-
cians who are now responsible for determining the best
individualized treatment and motivates researchers to ex-
plore the effects of these drugs alone and in combination
[75]. Of the 18.8 million individuals being treated for T2D,
58 % of individuals use oral medication(s) alone, while
14 % use a combination of insulin and oral medication,
and 12 % are on insulin alone [2]. Similarly, VADT, AC-
CORD, ADVANCE, and UKPDS employed both monother-
apy and a variety of available drugs based on HbA1C aims.
Different drugs, alone or in combination, have retrospec-
tively correlated with different microvascular and macro-
vascular outcomes (Table 2).

Biguanides

The most common biguanide currently prescribed is metfor-
min. The metabolic effects of metformin which include in-
creased insulin sensitivity and decreased hepatic glucose
production are felt to be responsible for beneficial

cardiovascular outcomes. In the UKPDS, metformin was
shown to have greater relative risk reductions than the other
drug treatments in any diabetes-related endpoint, all-cause
mortality, and stroke (p≤0.32 for all measures) [22]. Further-
more, in a recent meta-analysis of several RCTs metformin was
linked to lower cardiovascular morbidity and mortality with
respect to sulfonylurea-monotherapy [35].

Thiazolidinediones (TZDs)

Thiazolidinediones (TZDs), pioglitazone and rosiglitazone,
decrease blood glucose levels by increasing insulin sensitivity,
and insulin-mediated glucose uptake into insulin-sensitive
tissues (skeletal muscle, adipose tissue, etc.) [36]. In 2005,
the RCT PROactive demonstrated the cardiovascular safety of
Pioglitazone with decreased risk of stroke, all-cause mortality,
and non-fatal myocardial infarction versus a placebo in 5238
individuals (HR 0.84 CI 0.72–0.98, p00.027) [37]. Aleglita-
zar, the newest TZD in development, has shown moderate
decreases in markers of inflammation, blood pressure, LDL-C
and triglycerides in a study of 332 patients [38]. Despite
clinical trial data showing non-inferiority of Rosiglitazone,
another TZD, meta-analyses have revealed the possibility of
CV risk associated with this drug, causing it to be withdrawn
from use in Europe and provoking the FDA to place strict
limitations on its use [39–42].

Table 2 Summary of common agents used to treat hyperglycemia in type 2 diabetes mellitus, their mechanism, and cardiovascular impact [35–74]

Drug class Examples Mechanism of action Cardiovascular impact

Sensitizers:

Biguanides Metformin Activation of AMP-dependent
protein kinase leading to
increased glycogen storage
in skeletal muscle

Studies have shown cardiovascular risk
reduction with respect to monotherapies

Thiazolidinediones Pioglitazone (Actos), Rosiglitazone
(Avandia)

Bind and activate peroxisome
proliferation activating
receptor γ (PPARγ) receptors,
increasing insulin-sensitivity

Pioglitazone has been shown to decrease
cardiovascular (CV) risks; rosiglitazone
CV safety is still unknown.

Secretogogues:

Sulfonylureas Second Generation: Glibenclamide
(Micronase), Glipizide (Glucotrol),
Gliclazide (Diamicron). Third
Generation: Glimepiride

Increased insulin secretion
through direct pancreatic
β-cell interaction

Originally linked to increased
cardiovascular mortality; recent studies
show no detrimental effects.

Non-sulfonylurea
secretagogues

Repaglinide (Prandin) Increased insulin secretion
through direct pancreatic
β-cell interaction

Minimal if not beneficial. Shown to
positively impact cardiac muscle and
atherosclerosis biomarkers

α-Glucosidase
inhibitors

Acarbose (Precose),
Miglitol (Glyset),

Activate cAMP-PKA pathway
causing increased insulin

Animal and human studies have suggested
indirect improvement of cardiovascular
outcomes.

GLP-1 analogs:

Glucagon-like
peptide-1 agonists

Exenatide (Byetta, Bydureon),
Liraglutide (Victoza)

Prolong GLP-1 activity causing
increased insulin

Cardiovascular benefits suggested.

Dipeptidyl peptidase
4 Inhibitors

Saxagliptin (Onglyza), Sitagliptin
(Januvia), Linagliptin Vildagliptin

Prohibit GLP-1 degradation by
DP-4 prolonging metabolic
activity

Cardiovascular benefits shown with
saxagliptin vs placebo; clinical trials
currently underway.
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Sulfonylureas

Sulfonylureas encompass the bulk of antihyperglycemic
drugs currently available to treat T2D. Previously, there
was fear that first-generation sulfonylureas could lead to
increased cardiac mortality but this is not supported by
recent data [3, 5, 43]. The UKPDS determined that there
was no significant difference in risk of myocardial infarc-
tion, diabetes-related death, nor sudden death between the
sulfonylurea and dietary treatment groups [3, 4]. AD-
VANCE also employed an intensive control therapy using
the sulfonylurea gliclazide (Dimircon MR) [24]. All differ-
ences in cardiovascular, macrovascular, and mortality end-
points were nonsignificant but generally favored the intensive
therapy group, which had a 12 % nonsignificant reduction in
cardiovascular outcomes [5]. Fear of the cardiovascular risks
of these drugs seems to have diminished, but significant
cardiovascular benefits have yet to be demonstrated.

Non-Sulfonylurea Secretagogues

Non-sulfonylurea secretagogues or meglitinides, include
repaglinide and nateglinide. Meglitinides have increased
affinity for pancreatic B-cell channels, suggesting minimal
cardiovascular impact [44]. One interventional study assess-
ing postprandial hyperglycemia in 175 patients showed
significant carotid intima-media thickness decreases and
greater reductions in C-reactive protein in patients taking
repaglinide versus the sulfonylurea glyburide (p00.02) [45].
In an attempt to determine the broad cardiovascular impact
of meglitinides the NAVIGATOR study assessed major car-
diovascular outcomes of 9306 individuals taking nateglinide
versus placebo treatment, but found no significant differ-
ences between the groups [46].

α-Glucosidase Inhibitors

α-Glucosidase inhibitors include miglitol, voglibose, and
acarbose. Recently, a meta-analysis linked these drugs to
lower levels of triglycerides, body weight, and systolic
blood pressure [47]. A small, interventional study of 50
patients demonstrated that miglitol reduced inflammatory
markers and improved endothelial dysfunction in patients
with coronary artery disease with respect to voglibose [48].
A large multi-center trial enrolled 1429 patients and dem-
onstrated a significant reduction in risk of myocardial in-
farction (HR 0.09 CI 0.01–0.72, p00.02) and new cases of
hypertension (HR 0.66, CI 0.49–0.89, p00.006) among α-
Glucosidase inhibitors versus a placebo, though, flaws in
study design have called these results into question [49, 50].
These drugs are beneficial due to minimal weight gain and
their ability to regress prediabetics back to normoglycemic
levels [36]. To ascertain the effects of α-Glucosidase

inhibitors on cardiovascular outcomes a multi-center trial,
Acarbose Cardiovascular Evaluation (ACE), is currently
underway with results expected in 2016 [51].

(GLP-1) Agonists

Glucagonlike peptide-1 (GLP-1) agonists, such as exenatide
and liraglutide, stimulate glucose dependent insulin secre-
tion [50]. Despite a lack of large clinical trial data, many
smaller RCTs suggest that prolonging GLP-1 activity may
have cardiovascular benefits. The precise mechanisms are
unknown, but given that GLP-1 receptors are expressed
throughout cardiac and endothelial tissue, it is possible that
GLP-1 activation can have direct beneficial effects [52]. A
small interventional study of 21 patients showed that short-
term GLP-1 infusion in non-diabetic patients undergoing
percutaneous coronary intervention improved left ventricu-
lar ejection fraction and wall motion score index [53]. This
was demonstrated by a similar study of long-term GLP-1
treatment in 12 patients with chronic heart failure [54]. The
impact of GLP-1 on endothelial function was illustrated by a
small experimental study of ten patients with T2D and stable
coronary artery disease that received acute administration of
GLP-1, resulting in increased peripheral blood flow [55].
Additionally, a number of animal studies have demonstrated
cardioprotective effects of GLP-1 through infarct size min-
imization and recovery enhancement [56–59]. Reduced hy-
poglycemia and cardiovascular benefits make these drugs
promising for treatment of individuals with diabetes at in-
creased risk of macrovascular disease.

Dipeptidyl Peptidase IV (DPP-4) Inhibitors (Gliptins)

Available DPP-4 inhibitors include saxagliptin, sitagliptin,
linagliptin, and vildagliptin (approved outside of US). In a
retrospective analysis of cardiovascular outcomes of saxa-
gliptin versus a placebo treatment in 4607 patients in regis-
tration studies, patients taking saxagliptin has decreased risk
of CV events (HR 0.44, CI 0.24–0.82) [60]. Meta-analyses
of phase II/III trials suggest cardiovascular benefits, and
clinical CV event trials are now underway to validate the
risk reductions of DPP-4 inhibitors [61–65].

Insulin

There are varied insulin treatment options for hyperglyce-
mia. Short-acting regular insulin can be injected for rapid
blood glucose decreases, although short-acting insulin ana-
logs (Lispro, Aspart, Glulisine) are prescribed more readily,
given their ability to dissociate more quickly into subunits,
causing a faster increase in plasma insulin with respect to
regular insulin [36]. Additionally, they result in less hypo-
glycemic episodes and modest reductions in HbA1C levels.
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Conversely, long-acting insulin analogs such as iso-
phane/NPH, glargine, and detemir, result in slower deg-
radation due to slower subunit dissociation [66]. This
causes a less pronounced, but prolonged increase in
blood insulin levels. Compared to other treatments for
hyperglycemia, clinical trial data illustrates increased
episodes of hypoglycemia and weight gain from insulin
use, possibly indicating that insulin can increase micro-
vascular and macrovascular risks in an indirect manner
[3, 5]. Indeed epidemiological studies have shown sig-
nificant increases in mortality among individuals using
insulin compared to those utilizing other treatments
[67–69]. Some large (n>12,000 patients ) studies have
also linked insulin use to significant increases in car-
diovascular risk [69, 70]. While these studies suggest
increased insulin use is related to adverse cardiovascular
events, these correlations may neglect baseline charac-
teristics of individuals more likely to utilize insulin as
treatment, such as age or duration of diabetes, that
could independently affect their risks of experiencing
cardiovascular events [71]. Furthermore, a recent inter-
ventional study of 12,537 individuals compared insulin
glargine treatment versus conventional treatment and
determined no increase in cardiovascular risk with use
of insulin [72]. The classes of insulin therapy have also
been studied to determine if there are any differences in
outcomes among the groups. An interventional trial
utilizing biphasic insulin aspart, prandial insulin aspart,
and basal insulin detemir to assess risks of hypoglyce-
mia and other adverse effects in 708 participants found
significantly increased hypoglycemic events in the basal
insulin detemir cohort with respect to the other groups,
but no differences in cardiovascular events [73, 74].
These studies as a whole suggest that insulin dosing
should be closely regulated in diabetic treatment to minimize
any potential negative cardiovascular outcomes.

HbA1C in not the Optimal Biomarker

Diabetes is a complex disease and at a molecular level
thought to be due to impairments of insulin secretion and
resistance, cellular bioenergetics and mitochondrial dys-
function [76]. Biomarkers combined with diagnostic tests
such as assessment of endothelial dysfunction can provide
insight into these fundamental derangements at the cellular
level and may provide a better assessment of disease pro-
gression and patient outcomes. HbA1C is a biomarker that
represents the “tip of the iceberg” and just one facet of the
metabolic problem in diabetes but does not capture the com-
plex problems with cellular bioenergetics. Using a multi mod-
al approach withmultiple biomarkers and diagnostic tests may
provide a better understanding of the impact of diabetes.
Numerous clinical trials have shown the danger of examining

one biomarker such as HDL in isolation without looking at the
entire lipid profile [77]. Novel biomarkers such as soluble
receptor for advanced glycation end products (sRAGE), gly-
cated albumin, urinary 8-hydroxydeoxyguanosine (8-OHdG)
may eventually be more accurate in predicting macrovascular
disease and onset of events [78, 79•, 80]. Ultimately there may
need to be a new risk score for diabetes devised such as the
Framingham risk score that incorporates multiple clinical
parameters to accurately predict CV outcomes. While the
UKPDS risk engine remains a recommended model from
which to predict CV risk, particularly for lower-risk individu-
als, studies continue to illustrate both its suboptimal discrim-
ination and calibration ultimately leading to an overestimation
of CV risk [81–83].

Conclusion: Making Sense of the Paradox

Numerous studies have explored potential explanations
for the observed differences in microvascular and mac-
rovascular outcomes of glycemic regulation. Meta-
analyses, which simultaneously analyze multiple cohorts
of data, may reveal further insight, but often neglect
heterogeneity between the studies. Demographic differ-
ences in patient populations, variable controls and ran-
domization methods, and differing statistical analyses
can often lead to nonsignificant results that may not
accurately reflect the impact of glycemic regulation on
cardiovascular outcomes. Even with many large, ran-
domized clinical trials aimed at resolving this issue,
there are still no significant results demonstrating mac-
rovascular impacts of tight glycemic control. From these
studies data trends and correlations have been drawn,
but underlying mechanisms of hyperglycemia, hyperin-
sulinemia, and factors impacting CV disease progression
are not well understood. In the future, utilization of
more sophisticated biomarkers that examine fundamental
pathophysiologic problems at the cellular level com-
bined with diagnostic tests that assess multiple facets
of the disease process will hopefully provide a better under-
standing of the true impact of glycemic control on cardiovas-
cular outcomes.
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