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Key points

e The prevention of CVD
events in T2D remains an
important public health
challenge

o Effective control of
hypertension, dyslipidaemia
and lifestyle factors has
demonstrated significant
benefits in terms of CVD
prevention

e Greater adherence to
guidelines will yield further
benefits for individual and
public health

© Novel therapies are likely to
be required to improve
cardiovascular outcomes of
patients with T2D
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PRACTICE REVIEW

Cardiovascular disease and
type 2 diabetes

The risk of developing cardiovascular disease (CVD) is more than doubled in patients with
type 2 diabetes (T2D). Projections of current epidemiological data.suggsast a continuing rise
in the prevalence of T2D over the coming decades, and the majoriv.of these people will die
from cardiovascular events. However, in spite of advances in\EVD prevention strategies, T2D
continues to be associated with poor outcomes, so noveltfierapeutic strategies remain an
important research focus. This brief review summarises the pairogenesis of CVD
associated with T2D, and discusses risk reductior’ strategiesqn. these patients.

e majority of patients with type 2 diabetes

(T2D) die as a result of cardiovascular disease

(CVD)." Diabetes effectively ages the vastulature

by around 15 years,” increasing the riskear
cardiovascular events by at least two-fold: This
enhanced risk develops insidiously, ar'd even'in the pre/
diabetic phase (impaired glucose €olararice or impaired
fasting glycaemia) risk is enhaiiced by at least 59%, The
increasingly obese and ageirig’global poptilation’is
anticipated to contribute o & continued rise in T2D
prevalence, with someTeports projecting a 4.4% global
prevalence by 2039.° This represents a major public
health challengeyand is a Cantributor to concerns that
for the firstinte in living meniory average life expectancy
in geme. Western forulations will fall, despite advances
in healtficare.

Pathogengsis

The burgeoning prevalence of T2D over recent decades
supports a strong environmental influence in its
pathogenesis, although genetic factors are also
important. Sedentary lifestyles in “Westernised’
populations have contributed to net caloric excess, and
thus to obesity. When deposited around the abdominal
viscera (central obesity), this is linked with insulin
resistance and unfavourable changes in cardiovascular
risk profile, in part via the production of detrimental
cytokines from visceral adipocytes.® Hence, T2D and the
CVD associated with it develop from common
pathophysiological origins.

Many ‘traditional’ and ‘novel’ CVD risk factors are
associated with central obesity and insulin resistance
(Figure 1) and their clustering plays a major role in the
significant cardiovascular morbidity of patients with
T2D and pre-diabetes. As demonstrated in Figure 2,
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Figure 1. Clustering of cardiovascular risk
factars in T2D and pre-diabetes
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CVD risk continuously rises before the development of
T2D; this is probably a result of deteriorating insulin
resistance, which drives progressive clustering of CVD
risk factors. Hyperglycaemia occurs much later as
compensatory hyperinsulinaemia initially counteracts
the impact of insulin resistance on glucose metabolism.
Eventually, however, the pancreas can no longer mount
a sufficient compensatory response and so
hyperglycaemia progresses, resulting in pre-diabetes
followed by T2D.

The combined impact of these clustering risk factors,
and the later development of hyperglycaemia, damages
the structural and functional integrity of the vascular
endothelium. This monolayer of cells plays a pivotal role
in vascular homeostasis,” preventing the development of
atherosclerosis through release of important vasoactive
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Figure 2. The increasing CVD risk associated with worsening insulin
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A large bhody of
evidence
supports lipid
modification for
the reduction of
CVD risk in T2D

b

molecules, such as nitric oxide which has vaseailator,
antiplatelet and anti-inflammatory properties:
Endothelial dysfunction is generally accepted.to
represent the earliest phase of athercsclerosis;’ systerxiic
inflammation and toxicity from Iipids,and glugese
rapidly promote the developmerni-of the typica! dGiffuse
and severe atherosclerosiz seén,in T2Dx

Prevention of CV&

It has long beer recognised that digbetes confers
increased risk of.cardiovasculay events, though our
current CVR risk redutior) stfategies owe much to the
coneept of-diabetet aza VD risk equivalent as first
pioposed by Harfper et al.” Their data suggested that
patients with*@2D and no prior myocardial infarction
(MI) had tive same risk of future MI as non-diabetic
patients with a prior history of ML In other words,
patients with T2D alone appear to warrant the same
intensity of risk reduction as offered to patients with
manifest CVD who would receive aggressive secondary
prevent therapy. Whilst the validity of these data has
been questioned," consensus guidelines recommend
intensive risk reduction strategies for the majority of
patients with T2D.”" Given that intensive risk
reduction is offered to the majority of T2D patients we
will not place particular focus on primary vs. secondary
prevention in our discussion. Instead, we will briefly
summarise current recommendations and the evidence
they are based upon.

Lifestyle factors
Though often difficult to achieve,” lifestyle modification
plays an important role in holistic risk reduction. Even
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modest weight loss, achieved through dietary and
exercise intervention," or bariatric surgery,” is known to
improve risk factor profile and surrogate markers of
vascular health. Pharmacological adjuncts can also be
helpful as part of a weight loss programme and some
have been shown to improve surrogate markers of CVD
or risk factors for CVD,** although none have been
proven to reduce hard clinical endpoints. Smoking
cessation is also paramoant and routine cessation
strategies should beorfafed."Small studies assessing the
role of intensive lifestyle modification, in addition to
standard pharmacalogical therapy, have demonstrated
sustained long-term mortality benefit.** Further
evidence tegarding lifestyle intervention is anticipated
frorn-engoing trials.””

Dyslipiddemia

A largebodyof evidence supports lipid modification for
the veduction of CVD risk in T2D. Subgroup analyses
froxq early statin trials suggested similar magnitudes of
relative risk reduction in patients with and without
diabetes, and so a potentially greater absolute benefit in
the higher-risk group with T2D.” More recently
diabetes-specific trials have confirmed these findings;
for example, atorvastatin 10 mg daily over 3.9 years
reduced cardiovascular events by 37% in T2D sufferers
free of known CVD, compared with placebo, in the
CARDS study.” The target LDL-cholesterol
concentration remains unclear, although atorvastatin 80
mg reduced endpoints further than atorvastatin 10 mg
in the diabetes subgroup of the TNT trial.” Consensus
guidelines suggest aiming for LDL-cholesterol below
1.8-2.0 mmol/L.”" Other lipid-modifying agents, such
as fibrates, have so far proven less promising in
randomised trials and so are not routinely
recommended.

Hypertension

Again, a wealth of data supports blood pressure (BP)
reduction in the optimal management of patients with
diabetes.”* Many trials are not diabetes-specific,
though a large proportion of patients in these suffered
from T2D, and subgroup analyses have agreed the
benefit of BP reduction. Current consensus suggests
aiming for blood pressure below 130/80 mmHg,** and
for many patients this means a multi-drug regimen.”
However, where two or fewer agents are used, ACE
inhibitors and angiotensin receptor blockers (ARBs)
should be first-line, given their reno-protective benefit,”
and dihydropyridine calcium channel blockers are
suggested as second-line agents. Beta-blockers and
thiazide diuretics are associated with poorer
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Figure 3. Relative effects of glucose control strategy on all pre-specified primary and secondary outcomes in the
ADVANCE study®
Intensive Standard Relative
control control risk
Subgroup (n=5,571) (n=5,569) Hazard ratio (95% CI) r(e;;;jt(ﬁ;)n
percent
Primary endpoints
Combined major macrovascular 1,009 (18.1) 1,116 (20.0) = 10(2t0 18)
and microvascular events
Major macrovascular events 557 (10.0) 590 (10.6) <:=> 6(-6to 16)
Non-fatal MI 153 (2.7) 156 (2.8) — 2 (-23to 22)
Non-fatal stroke 214 (3.8) 209 (3.8) : N -2 (-24 to 15)
Death from cardiovascular causes 253 (4.5) 289 (5.2) —::I: 12 (-4 to 26)
Major microvascular events 526 (9.4) 605 (10.9) —= i 14 (3 to 23)
New or worsening nephropathy 230 (4.1) 292 (5.2) —a— 21 (7 to 34)
New or worsening retinopathy 332 (6.0) 349 (6.3) —--I-— 5(-10to 18)
Secondary endpoints
Death from any cause 498 (8.9) 533(9.6) —Vr'—_ 7 (-6 to 17)
Major coronary events 310 (5.6) 337 (6.1) —— 8(-7to 21)
All coronary events 560 (10.1) 572 (10.3) - 2 (-10to 13)
Major cerebrovascular events 238 (4.3) 246 (4.4) 7 3(-16 to 19)
All cerebrovascular events 352 (6.3) 327 (5.9) -8(-26t0 7)
Heart failure 220 (3.9) 231 (43) 5(-14 to 21)
Peripheral vascular events 343 (6.2) 366 (6.6} 6(-9to19)
All cardiovascular events 1,232 (22.1) $.249(22.4) 1(-7to09)
New-onset microalbuminuria 1,318 (23.7) 1434(25.7) ‘B 9(2to5)
Visual deterioration 3,033 (54.4) 3015 (54.19 0(-5to5)
New or worsening neuropathy 2,353 (42.2) 2,311 (4%:5) -4 (-10 to 2)
Cognitive decline 895 (16.1) 914 (16:4) 2(-7to11)
Dementia 61 (L.I) 28(0.9 -27 (-86 to 13)
Hospitalisation 2,501 (44.9) 2,391 (42.8) 7(-13to-1)
0l.5 1.0 230
Reproduced with permission from New Engl J Med 2008;'@58: 2560-72 Intensive Standard
better better

clopidogrel use in the same manner as in patients
without diabetes.

outeonies,” due nerkans to increased association with
new-anset dizbess,* and so are used as third-line

agents. Thevoia of newer antihypertensives, such as i
Hyperglycaemia

The question of whether optimal glycaemic control can
reduce cardiovascular risk, in addition to its well-
established microvascular benefits, has been
surrounded by uncertainty. The United Kingdom

direct reninvinhibitors, in improving CVD outcomes
remains uncertain.

Antiplatelet therapy

Whilst consensus guidelines recommend the use of
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aspirin to prevent CVD events in patients with T2D,"”"
the evidence for its benefit in patients with diabetes is
limited. The largest meta-analysis to date of antiplatelet
therapy (the vast majority of data relating to aspirin)
showed only a non-significant 7% relative risk
reduction, compared with 22% in the overall
population.” Our own work has suggested similar
findings in real-world practice.” Post-hoc analysis of the
Clopidogrel vs. Aspirin in Patients at Risk of Ischaemic
Events trial suggested that clopidogrel conferred a 13%
risk reduction compared to aspirin in patients with
diabetes.” Until further trial data are available,
consensus guidelines are likely to advise aspirin and

N

Prospective Diabetes Study (UKPDS) was the first large-
scale study to address this question in patients with
T2D. The study suggested only a trend towards reduced
CVD events with intensive glycaemic control,* though
some commentators suggested that the relatively small
difference in glycaemic control between groups
(glycosylated haemoglobin [HbA;c] 7.9% vs. 7.0%) could
explain this. Furthermore, multiple agents were used
and it has been proposed that insulin-sensitising
strategies may actually address the underlying insulin
resistance which is thought to cause CVD events,
whereas insulin-providing strategies fail to address this.
Indeed, a sub-study of the UKPDS suggested
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It is evident that
significant
advances have
been made

in the
development of
strategies to
modify the high
cardiovascular
risk of patients
with T2D,
though many
challenges
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cardiovascular benefit in overweight T2D sufferers
treated with metformin, compared with sulphonylureas
or insulin, though the analysis was not pre-specified.”
More recently, a meta-analysis of randomised trials
suggested intensive glycaemic management reduced
CVD events by a significant 19%;* however,

such analyses should always be treated with

caution.

Pioglitazone and rosiglitazone were developed to
improve insulin sensitivity, thus addressing the
underlying insulin resistance which is thought to be so
important in the pathophysiology of diabetic CVD. The
PROactive study followed patients with macrovascular
disease and T2D and demonstrated a trend towards
reduction of a composite of cardiovascular events
associated with pioglitazone vs. placebo.” A secondary
endpoint of all-cause mortality, stroke and MI was
reduced by a significant 16%, though debate as to
whether this endpoint was adequately pre-specified
contributed to reluctance to recommend piogiitazone
for reduction of CVD risk.” Pioglitazone has also veen
shown to retard progression of atheroseleiosis usingthe
surrogate measure intravascular ultrasouwnd,” and also
beneficially modifies dyslipidaemizard inflaniiiation,
beyond its glucose-lowering prénerties.”

However, in 2007 a highsprafile meté-analysis
suggested that rosiglitazcne was agsociated with a
significant 43% izicrease/in MI and a-néar-significant
64% increase in cardiovascuiar, Geath.” Since then,
unplanned itiferitn analysis'af 4 randomised trial
assessing potential sardiovascular benefits of
rosiglitazone couid Kot confirm non-inferiority of this
agent'compaded with placebo.” A further analysis
including@GlaxoSmithKline data has again shown a
trend towards increased MI risk associated with
rosiglitazone.” However, methodological issues with all
of these studies mean no firm conclusions can be drawn
and ongoing studies are eagerly awaited.”*
Furthermore, the promising findings of PROactive
suggest that adverse cardiovascular profile may not be a
class effect of glitazones, and that further investigation
is warranted. Concerns have also been raised regarding
increased risk of heart failure and fracture associated
with glitazones.”* However, the former may relate to an
unmasking of pre-existing occult myocardial disease
due to fluid retention, and in the case of pioglitazone,
this does not appear to have translated into an increase
in cardiovascular mortality.

Two recently published trials (ADVANCE and
ACCORD) of very intensive glycaemic control (HbA;¢
approx 6.5% vs. 7.5%) have suggested that compared
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with standard controls, cardiovascular outcomes were
unchanged (Figure 3) or significantly worse,
respectively”** The reasons for this are unclear, though
the almost universal use of rosiglitazone in the intensive
arm of ACCORD has been highlighted along with
significant weight gain in the intensive therapy group. It
is notable though that post-hoc analysis of ACCORD
showed rosiglitazone was not associated with increased
CVD events. These findifigs have further clouded the
confusing evidence base’surrounding glycaemic control
and CVD outcomes, and before further evidence is
available, aiming for*HbA ¢ of 7% appears reasonable,
given its praven tnicrovascular benefit.

Coronary+evascularisation

X omprehensive discussion of coronary
revascularigatioriy,or its use in acute coronary
syndromies, is beyond the scope of this discussion.
Howeveryin stable coronary artery disease surgical
revasctlarisation is generally thought to confer mortality
behetit compared with percutaneous coronary
intervention.” The ever-changing nature of both
modalities makes it difficult to be absolutely confident of
such a statement, and the established benefit of
adjunctive medical therapy must not be forgotten.
Indeed, ongoing studies will hopefully address the
question of whether modern revascularisation is any
more effective at reducing cardiovascular events

than contemporary intensive risk factor reduction
alone.”

Conclusions

It is evident that significant advances have been made in
the development of strategies to modify the high
cardiovascular risk of patients with T2D, though many
challenges remain. Even in clinical trial settings,
comprehensive use of evidence-based strategies is made
in fewer than 10% of these patients,” and so significant
improvements in individual and public health would be
anticipated with more stringent adherence to guidelines.
However, our own work points to a failure of significantly
improved CVD outcomes post-MI over the last decade,
despite dramatic improvements in the use of such
evidence-based therapies.” Clearly, these findings require
further investigation and novel therapies are likely to be
required to improve the persistently poor cardiovascular
outcomes of patients with diabetes. However, the
convincing findings of many randomised controlled trials
of statin therapy and blood pressure reduction, along
with lifestyle modification, cannot be ignored and these
‘basics must not be forgotten in the search for new
management strategies.
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