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I nsulin remains an important treatment for
patients with type 1 and type 2 diabetes.
Insulin is given to patients with type 1
diabetes as a form of hormone replacement
therapy to replace the loss of endogenous
insulin secretion. Intensive insulin treatment
with either continuous subcutaneous

insulin infusion or basal-bolus therapy
reduces diabetic complications, including
macrovascular complications. For patients
with type 2 diabetes, insulin therapy is
given to try and overcome the combination
of insulin resistance and beta-cell
dysfunction that are the pathological
hallmarks of the disease. There are concerns
that weight gain and hypoglycaemia, which
are common side-effects of intensive insulin
therapy, may reduce or negate direct
benefits of controlling hyperglycaemia on
macrovascular outcomes. The best insulin
regimen for patients with type 2 diabetes

is not clear, and treatment should aim to
minimise weight gain and the occurrence of
hypoglycaemia.

Introduction

Treatment with insulin is essential for a good
prognosis in patients with type 1 diabetes, and it
is a potent hypoglycaemic agent in patients with
type 2 diabetes. Insulin is an anabolic hormone
that influences vascular tone in both large calibre
conductance vessels and small calibre exchange
vessels such as the capillary microcirculation.!?

In view of the increased burden of cardiovascular
disease in patients with diabetes, and the capability
of insulin to influence both metabolic and vascular
function, insulin therapy has the potential to
improve prognosis from cardiovascular disease in
patients with diabetes.

The metabolic effects of insulin are outlined in
figure 1. The development of insulin resistance

is an independent risk factor for cardiovascular
disease and ventricular dysfunction, even prior to the
development of type 2 diabetes.®* The aetiology of
insulin resistance links both metabolic and vascular
health. The interaction between adipose tissue

and the endothelium in insulin resistance results in
decreased endothelial nitric oxide bioavailability.®
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This impairs vasodilatation and promotes a
prothrombotic state, as well as affecting insulin-
mediated capillary recruitment and insulin signalling
activity in skeletal muscle as outlined in figure 2.
When considering the potential influence of insulin
therapy on cardiovascular outcomes it is complicated
by the presence of insulin resistance, which is more
relevant to those with type 2 diabetes.

Pharmacology

Insulin is a peptide hormone that is given
parenterally. There have been many attempts to
deliver insulin by the inhaled or oral routes, but at
present the route for routine clinical care remains
subcutaneous injection. Commercial insulin is
produced by recombinant DNA technology with the
principle difference between types being the rate of
absorption and duration of action. Broadly speaking
insulin can be considered as basal insulin (long
acting), prandial insulin (short acting) and mixed
insulins (a mixture of long and short acting, normally
given twice daily). There are now many analogue
insulins available. The basal analogues offer the
benefit of a flatter dose—response curve, and, thus,
a potential for less hypoglycaemia, and the prandial
analogues are faster acting and more likely to mimic
the normal first-phase insulin response. In patients
with type 1 diabetes, the use of analogue insulins
allows the attainment of glycaemic targets with less
hypoglycaemia. In patients with type 2 diabetes,
the use of more expensive analogue insulins slightly
reduces the occurrence of hypoglycaemia, but there
is no evidence that they improve prognosis.
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Figure 1. The metabolic effects of insulin — through a number of intracellular signalling
pathways insulin promotes glycogenesis and inhibits gluconeogenesis in the liver. In
the periphery through a number of intracellular signalling pathways, some of which are
complex, insulin promotes glucose uptake in muscle and fat and inhibits lipogenesis
and lipolysis in adipocytes. (Inhibitory effects of insulin denoted by line with horizontal
endplate. Dotted arrows denote complex process)
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Figure 2. Effects of insulin on endothelial nitric oxide (NO) bioavailability in health and
insulin resistance. In normal health, through intracellular signalling mechanisms, insulin
mediates vasodilation in large vessels and probably capillary microcirculation through
NO activity (a). In the insulin-resistant state, some intracellular signalling pathways have
reduced activity resulting in a reduction in NO and promotion of a prothrombotic state
(b) — dotted lines indicate reduced activity
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Trials of safety and efficacy
Type 1 diabetes

The Diabetes Control and Complications Trial
(DCCT) demonstrated that microvascular disease
(retinopathy, neuropathy and nephropathy)
was reduced in patients with type 1 diabetes
who had tighter glycaemic control.® The DCCT
population was young (mean age <30 years)
with less than 10 years of diabetes duration,
resulting in low absolute rates of cardiovascular
events, and was, therefore, unable to determine
significant macrovascular benefit.” Seventeen-
year follow-up of the DCCT cohorts by the
Epidemiology of Diabetes Interventions (EDIC)
group showed that the initial period of intensive
glycaemic control was subsequently associated
with a 42% reduction (p=0.02) in the risk of
any cardiovascular event and a 57% reduction
(p=0.02) in nonfatal myocardial infarction,
stroke or cardiovascular death.® These benefits
were observed after adjustment for risk factors,
such as microalbuminuria and dyslipidaemia,
and despite abolition of any differences in
glycaemic control by the time of the analysis.
The cardiovascular benefit of intensive control
in type 1 diabetes may be considered to be a
‘legacy’ of tight glycaemic control early in the
history of the disease.

Type 2 diabetes

The United Kingdom Prospective Diabetes
Study (UKPDS) identified the benefit of
microvascular risk reduction in patients with
newly diagnosed type 2 diabetes who had
intensive therapy with insulin or sulphonylureas,
but did not demonstrate any macrovascular
benefit during the mean 10 years of the study
intervention.® The UKPDS 10-year Post-Trial
Monitoring (UKPDS PTM), totalling a mean

of 20 years of follow-up, demonstrated
persisting benefits in the patients who had
previously been intensively treated (using either
sulphonylureas or insulin) with reductions in
total mortality (13%, p=0.007), diabetes-
related death (17%, p=0.01) and myocardial
infarction (15%, p=0.01).1° Initial intervention
in UKPDS was in patients with a short duration
of diabetes and, as in DCCT/EDIC, differences
in glycaemic control were quickly lost after
initial study completion. These findings support
a similar ‘legacy effect’ in patients with type 2
diabetes as observed in the patients with type
1 diabetes in DCCT/EDIC.
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Glycaemic targets

The Action in Diabetes and Vascular Disease:
Preterax and Diamicron Modified Release
Controlled Evaluation (ADVANCE) study, the
Veteran Affairs Diabetes Trial (VADT) and Action
to Control Cardiovascular Risk in Diabetes
(ACCORD) study were designed to assess

the impact of tight glycaemic control in older
patients with longer duration of type 2 diabetes
than those in UKPDS and with a greater burden
of established cardiovascular disease (CVD).
The ADVANCE study reported no significant
reduction in major macrovascular events
(p=0.32) or death from any cause (p=0.28).1
The ACCORD intensive treatment group had a
higher rate of cardiovascular death (hazard ratio
[HR]1 1.35, 95% confidence interval [CI] 1.04
to 1.76, p=0.02),'? while the VADT trial did not
determine any cardiovascular benefit in intensive
glucose lowering.’® These studies are not
homogenous. ADVANCE patients had a mean
duration of diabetes of eight years at study
entry and had generally good glycaemic control,
with mean HbA _at baseline of approximately
7.5% in both conventional and intensive groups.
Titration of therapy was gradual, and HbA, _had
diverged by 36 months, but compared with
ACCORD, less insulin was used.!* In ACCORD,
a more aggressive approach to blood glucose
management was employed with rapid titration
of multiple agents (including insulin) to achieve
a mean HbA,of <7% at four months from a
higher baseline of 8.3%.12 VADT participants
had poorer baseline control with a median
HbA _ at baseline of 9.4% and patients in
ACCORD and VADT had longer diabetes
duration (10 and 11.5 years, respectively).!213

Interpreting these studies with a clinical
perspective and, in particular, the role of insulin
on outcomes is difficult. ACCORD had a lower
rate of cardiovascular events than expected,
despite the increased risk in the intensive
group. Insulin therapy was prominent within
the intensive group (77.3% compared with
55.4% in the standard group), however, more
than 90% of patients in this group (33% of
whom had a previous cardiovascular event at
baseline) were prescribed rosiglitazone and
had lower than expected use of angiotensin-
converting enzyme (ACE) inhibitors, which are
important confounders.*? Subgroup analysis of
these studies reveals that patients with shorter
duration of diabetes, better baseline glycaemic

control and no previous CVD exhibit a significant
improvement in cardiovascular risk with intensive
glycaemic management.’* The trend towards
benefit in ADVANCE, and the shorter duration of
diabetes in these subjects, might be considered
further evidence for the ‘legacy effect’ of
previous better glycaemic control. Additionally,
deteriorating glycaemic control may be of greater
cardiovascular impact in patients with type 1
diabetes than in patients with type 2 diabetes.!
This could make mechanistic sense given that
insulin resistance is associated with multiple
other metabolic abnormalities, in addition to
hyperglycaemia, which promote atherosclerosis.

Meta-analysis of these studies, with the

addition of the PROactive study, suggests a
cardiovascular benefit of glucose lowering.

For five years of treatment with a reduction in
HbA, . of 0.9%, significant reductions in nonfatal
myocardial infarction (17%) and coronary artery
events (15%) would be expected, without a clear
signal favouring specific treatments.!®

While the specific role of insulin in these intensive
glycaemic management studies cannot be
separately determined, the role of hypoglycaemia
is important to consider. In ACCORD, an episode
of severe hypoglycaemia was associated with
increased risk of death in either arm of the
study.!? It is not considered that this is the cause
of excess mortality in the intensive treatment arm
since the risk of death was lower in those who
had experienced a severe hypoglycaemic event

in the intensive arm compared with the standard
therapy patients.’” In ADVANCE, hypoglycaemia
was a marker for multiple adverse outcomes,
including respiratory and digestive disorders, and,
in VADT, the strongest predictor of cardiovascular
death was a prior severe hypoglycaemic event
(HR 4.04, p=0.02).14

This evidence has been considered by both

the National Institute for Health and Clinical
Excellence (NICE) and the Scottish Intercollegiate
Guidelines Network (SIGN), and these groups
recommend an HbA_ target of 7.0-7.5% in
patients with type 2 diabetes, with tighter control
at diagnosis (6.5%). Both guideline groups
suggest individual patient assessment and the
application of pragmatic limits to glycaemic
goals with particular emphasis on avoidance

of both hypoglycaemia and weight gain.181°
These recommendations are consistent with

the joint position statement from the American
Diabetes Association (ADA), American College
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of Cardiology Foundation (ACCF) and American
Heart Association (AHA).2° There is no evidence
from these studies to determine whether insulin
per se is of particular benefit or harm with
respect to CVD. It is, therefore, more important to
select the appropriate patient in which to intensify
treatment, than the treatment modality used.

Insulin in acute cardiac
disease
Acute coronary syndromes

The Diabetes Mellitus Insulin-Glucose Infusion

in Acute Myocardial Infarction (DIGAMI)

study was designed to assess the effect of

tight metabolic control in the context of acute
myocardial infarction. Intensive glucose control
using insulin-glucose infusion (aiming for a target
blood glucose of 7-10.9 mmol/L) was used for
the initial 24 hours of in-patient stay, followed
by three months of subcutaneous insulin therapy
administered in a basal-bolus regimen. Fewer
events occurred than predicted, which may have
contributed to the lack of significant difference

in mortality up to three months. By one year, a
relative reduction in mortality of approximately
30% was observed in the infusion group
(p=0.027).2* However, subgroup analysis would
suggest that this result is predominantly driven
by benefit in only the lowest risk patients (low
cardiovascular risk profile, no previous insulin
treatment). These observations may reflect

the reduced power of the study or, in parallel
with observations in Steno-2, that glycaemia

is a less important cardiovascular risk factor
than lipids, blood pressure or smoking.?? Acute
hypoglycaemia was more common in patients
receiving insulin infusion, but this did not appear
to increase mortality.** DIGAMI could not
determine whether the acute control of glycaemia
or the three months of subcutaneous therapy was
responsible for the improved one-year mortality.2!
DIGAMI 2 set out to clarify this point by including
a treatment arm with acute insulin infusion,
followed by standard control. DIGAMI 2 was
hampered by slow recruitment and ultimately
lower-than-expected patient numbers, which
reduced the power of the study. The observed
improved mortality in the original DIGAMI

study was not seen in DIGAMI 2, however, this
is explained by a number of factors. First, the
overall glycaemic control at baseline in DIGAMI
2 was better than in the original study. Second,
apart from a difference in glycaemia in the
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first 24 hours, prolonged follow-up of all three
DIGAMI 2 groups did not show any difference
in overall glycaemic control. This in itself is
partly due to less aggressive glucose reduction
in the intensive groups, and greater use of other
hypoglycaemic agents in the control group.
Third, event rates were lower than expected,
which may, in part, be due to greater use of
secondary prevention agents and, in part, due
to the underpowering of the trial. Perhaps the
most important observation from this study is
that blood glucose, either measured by plasma
glucose or HbA, _is a significant independent
predictor of mortality.? The similar outcomes

in all three groups may suggest that glucose-
lowering is of benefit, but that specific insulin
use is not proven to be of greater benefit than
other strategies. More recent observational data
from the Euro Heart Survey would suggest that
insulin is associated with a poorer prognosis,
however, this is likely to reflect a cohort of
patients with poorer glycaemic control, greater
underlying insulin resistance and more previous
cardiovascular events.?* The Bypass Angioplasty
Revascularisation Investigation 2 Diabetes (BARI
2D) study has examined the use of insulin versus
insulin-sensitising agents in patients with type
2 diabetes undergoing either percutaneous
revascularisation or intensive medical therapy.
There was no significant difference in mortality
or major cardiovascular events between those
treated with insulin or other agents even though
insulin therapy was associated with both
poorer glycaemic control (HbA, 7.5% vs. 7.0%,
p<0.001) and greater risk of hypoglycaemia
(p<0.001).2

Heart failure

In states of physiological stress, the autonomic
response is deleterious to cardiac function not
simply due to the action of catecholamines
inducing increased myocardial work, but

also related to increased insulin resistance

and hyperglycaemia, which induce further
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