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ABSTRACT
Diabetes is associated with the development of premature cardiovascular disease. There have been many
clinical trials of statin treatment conducted in patients with Coronary Heart Disease (CHD). Taking a closer
look at the subset of those patients with diabetes mellitus puts no doubt on the beneficial effect of lowering
cholesterol with statin in these patients. Earlier studies done dwell more on cholesterol reduction with
statins in patients with CHD but without diabetes hence no strong supporting evidence was there to justify
the use of statins in diabetic patients without cardiovascular disease. We search medline for studies on
cholesterol reduction and cardiovascular risk reduction in diabetic patients. We found three secondary
prevention trials (4S, CARE and LIPID); four primary prevention trials (ASCOT-LLA, CARDS, WOSCOPS
and TexCaps); two mixed prevention trials (HPS and ASPEN); three trials (PROVE-IT, TNT and A to Z) that
seek to evaluate whether intensive or moderate lipid lowering with statins will prevent cardiovascular risk and
to what extent. Treatment decisions should be based on the reduction of absolute risk and not on the reduction
in relative risk. Patients suffering from diabetes mellitus will incur a huge cost if they were to be commenced
on statin from the day the diagnosis of diabetes was made. With the rising incidence of diabetes worldwide,
statins should be targeted to those patients with diabetes mellitus who are most likely to benefit from it. Type 2
DM patients with metabolic syndrome or those with mild to moderate cardiovascular risk will benefit from
statin therapy. Clinical benefits stand to be derived from statin therapy if moderate reduction of risk can be
achieved in patients that are classified as having high cardiovascular risk. What this means is that all patients
eligible to be enrolled in the HPS or CARDS study should be on statin treatment.
Keywords: Cardiovascular Disease (CVD), Collaborative Atorvastatin Diabetes Study (CARDS), Coronary
Heart Disease (CHD), Cholesterol and Recurrent Events Study (CARE)
(Mokdad et al., 2003; Ford et al., 2002). There is no doubt
whatsoever that the use of statins in people with diabetes
mellitus is full of benefits. What have not been
categorically stated is whether all diabetic patients should
be treated with a statin. This review looked at evidences
that exist in literature for the use of statins in patients with
diabetes from randomised, controlled trials.
Cardiovascular Disease (CVD) is the leading causes
of mortality and morbidity for persons with diabetes
mellitus. Diabetes mellitus is an independent risk factor
for the development of macrovascular complications.

1. INTRODUCTION
New figures indicate that the number of people living
with diabetes is expected to rise from 366 million in 2011
to 552 million by 2030, if no urgent action is taken (IDF,
2012). This equates to approximately three new cases
every ten seconds or almost ten million per year. IDF also
estimates that as many as 183 million people are unaware
that they have diabetes (IDF, 2012). The increasing
prevalence of obesity and the metabolic syndrome
contribute to the increase in frequency of diabetes
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The presence of hypertension and dyslipidemia as
comorbidity in individuals with diabetes mellitus make
the risk higher (Turner et al., 1998). The U.K.
Prospective Diabetes Study (UKPDS) evaluated baseline
risk factors for coronary artery disease in patients with
newly diagnosed diabetes without evidence of vascular
disease. The modifiable risk factors in this study are
hyperglyceamia, hypertension and dsylipidaemia. The
contribution of each of these risk factors to the
development of coronary heart disease was assessed. The
estimated hazard ratios for the upper third relative to the
lower third were 2.26 (95% confidence interval 1.70 to
3.00) for low density lipoprotein cholesterol, 0.55 (0.41
to 0.73) for high density lipoprotein cholesterol, 1.52
(1.15 to 2.01) for haemoglobin A1c and 1.82 (1.34 to
2.47) for systolic blood pressure (Turner et al., 1998).
The major contributor to increased CHD risk in patients
with diabetes mellitus is dyslipidemia, (specifically LDL
cholesterol) (Turner et al., 1998; Haffner, 1998). The
most common pattern of dyslipidemia in diabetic
patients is elevated triglyceride levels and decreased
HDL cholesterol levels (Haffner, 1998; Ogbera et al.,
2009; Haffner, 2004). Some researchers have posited
that the quality of LDL also play a role in the risk of
cardiovascular events. The LDL particles in patients with
diabetes mellitus has been found to be smaller and
denser and thus make these patients prone to oxidation
and increased risk of cardiovascular events (Haffner,
2004; Graaf et al., 1991). It is known that cardiovascular
disease risk may even be present in the period of
prediabetes or at the time of diagnosis, the so called
ticking clock hypothesis of Haffner et al. (1990).

group to 24 in the diabetic group (RR 0.45, p = 0.002)
(SSSS, 1994; Pyorala et al., 1997).
In the Cholesterol and Recurrent Events Study
(CARE) (Sacks et al., 1996), 586 patients were in the
diabetic subgroup. When compared with those in the
non-diabetic group, those in diabetic group had higher
level of obesity, majority of them have hypertension and
they were older. However their Low-Density Lipoprotein
(LDL) cholesterol levels was similar (Goldberg et al.,
1998). Treatment with pravastatin resulted in an
insignificant reduction in the primary end point of death
from coronary heart disease or non-fatal MI (RR 0.87, p
= ns). A significant reduction was observed in an
extended primary end point, however, that included
revascularisations (RR 0.75, p = 0.05), with a larger
absolute risk reduction of coronary events in the diabetic
subgroup than in the study population as a whole (8.1
Vs. 5.2%), reflecting the fact that this subgroup had a
higher level of risk in general (Goldberg et al., 1998).
In the diabetic subgroup of the Long-term
Intervention with Pravastatin in Ischemic Disease
(LIPID) Study (LIPID, 1998), 1,077 subjects with type 2
diabetes were included in the cohort (Keech et al., 2003).
There was a 19% reduction in major coronary events in
the diabetic subgroup however, this was not significant
when compared to placebo (23.4 Vs. 19.6% p = 0.11).
The absolute risk of a first CHD event was higher in the
diabetes subgroup (23.4 Vs. 14.5%). In a period of over
six years, one major CHD-related event was prevented in
18 patients in the diabetes subgroup with prevastatin
therapy (Keech et al., 2003).

1.1. Secondary Prevention
Diabetic Patients

The West of Scotland Coronary Prevention Study
(WOSCOPS) involving only 76 known diabetic patients
(Shepherd et al., 1995) and the Airforce/Texas Coronary
Atherosclerosis Prevention Study (AFCAPS/TexCAPS)
study had 155 people with diabetes (Downs et al., 1998)
lent credence to the fact that lowering the cholestrol level
in patient with elevated cholesterol has beneficial effect
in primary prevention of cardiovascular event.
The Anglo-Scandinavian Cardiac Outcomes Trial
Lipid-Lowering Arm (ASCOT-LLA) was a lipidlowering arm of a hypertension study, comparing 10 mg
of atorvastatin in patients with hypertension but no
previous CHD (Sever et al., 2003). Patients in ASCOTLLA had uncontrolled hypertension and three or more
pre-specified cardiovascular risk factors including type 2
diabetes. Their average total cholesterol was 5.5 mmol

Trials

1.2. Primary Prevention
Diabetic Patients

Involving

The Scandinavian Simvastatin Survival Study (4S)
(SSSS, 1994) was the first trial-based evidence that
cholesterol lowering reduced the risk of major CHD
events and other atherosclerotic events in diabetic
patients. In the Scandinavian Simvastatin Survival Study
(4S) a post-hoc subgroup analysis of the data from 202
diabetic patients there was a larger reduction in the
primary end point of all-cause mortality in this group
when compared to the whole trial population. However
this did not reach statistical significance (RR 0.57, p =
0.087). The small size of the subgroup may be
responsible for this. There was a significant reduction in
major coronary events from 44 events in the placebo
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L−1. The primary end point were non-fatal MI and fatal
CHD. Treatment was stopped after a median follow-up
of 3.3 years. This was because 100 primary events have
been recorded in the atorvastatin group and 154 events
have been recorded in the placebo group. This represents
36% reduction in primary end point (Hazard Ratio (HR)
was 0.64[95% CI 0.50-0.83]; p = 0.0005). There was a
21% reduction in total cardiovascular events (389 vs
486, 0.79 [95% CI 0.69-0.90], p = 0.0005) (Sever et al.,
2003). In the diabetic subgroup, a 16% risk reduction
was recorded. This was not statistically significant. The
early termination of the trial puts a limitation on the
power of any test to compare effect of statins with those
in the placebo group since the number of coronary events
and end points have been reduced (Sever et al., 2003).
The CARDS study was designed to assess the
effectiveness of cholesterol reduction in the primary
prevention of major cardiovascular events in patients
with type 2 diabetes without high concentrations of
LDL-cholesterol (Colhoun et al., 2004). The study
involving 2,838 male and female participants was a
randomised, double-blind, placebo-controlled multicentre trial conducted in the UK. All the participants had
type 2 diabetes and at least one other risk factor for
cardiovascular disease. Their serum LDL-cholesterol
level was not high (less than 4.14 mmol L−1 with a
median of 3.1 mmol L−1). The study was terminated
earlier than the sheduled follow-up period of four years
because 210 events have been recorded. There was a
reduction in major cardiovascular events, acute coronary
events and stroke by 37% (absolute risk reduction 3.2%;
p = 0.001), 36% (absolute risk reduction 1.9%; p =
0.013) and 48% (absolute risk reduction 1.3%; p =
0.016) respectively compared with placebo when
patients are treated daily with atorvastatin 10 mg. It is
noteworthy that the this benefits were observed
independent of the entry LDL-cholesterol or triglyceride
levels at the start of the study (Colhoun et al., 2004).

whether or not they have elevated cholesterol level
(HPSCG, 2002). The HPS also revealed the effect of
cholesterol-lowering therapy on other diabetes-related
outcomes.
Macrovascular
complications
were
significantly reduced inthe diabetic group. There were
fewer leg ulcers and amputations (Collins et al., 2003).
The Atorvastatin Study for Prevention of Coronary
Heart Disease End Points (ASPEN) trial assesses the
effect of 10 mg of atorvastatin versus placebo on
Cardiovascular Disease (CVD) prevention in subjects
with type 2 diabetes and LDL cholesterol levels below
contemporary guideline targets (Knopp et al., 2006). The
ASPEN trial was a randomised, double-blind, parallelgroup study. The composite primary end point comprised
cardiovascular death, nonfatal myocardial infarction,
nonfatal stroke, recanalization, coronary artery bypass
surgery, resuscitated cardiac arrest and worsening or
unstable angina requiring hospitalization. Randomization
was done with 2,410 patients with type 2 diabetes
mellitus. The outcome of the study showed that there was
no statistically significant reduction in the composite end
point. It is however noteworthy to note that the procol for
the ASPEN study changed because of changing treatment
guidelines. For this reason, the ASPEN study was unable
to confirm the benefit of statin therapy but was
nevertheless be able to show a mean LDL cholesterol
reduction in the atorvastatin group over 4 years was 29%
versus placebo (p<0.0001) (Knopp et al., 2006).
The Diabetes and Dialysis Study is a multicenter,
randomized, double-blind, prospective study of 1255
subjects with type 2 diabetes mellitus. These patients
were on maintenance hemodialysis. They were randomly
assigned to receive 20 mg of atorvastatin per day or
matching placebo. The primary end point was a
composite of death from cardiac causes, nonfatal
myocardial infarction and stroke. Secondary end points
included death from all causes and all cardiac and
cerebrovascular events combined (Wanner et al., 2005).
Atorvastatin had no significant effect on the composite
primary end point of cardiovascular death, nonfatal MI
and stroke (Wanner et al., 2005). The inability of this
study to show the benefit of statin therapy in diabetic
patients undergoing maintenance haemodialysis may be
due to the fact that patients on haemodialysis have other
factors contributing to cardiovascular risk (Baigent et al.,
2000). Patients with end-stage renal disease have an
inverse associations between blood cholesterol (as well
as other risk factors including hypertension and obesity)
and all-cause or cardiovascular mortality (Baigent et al.,
2000; Brady and Betteridge, 2003).

1.3. Mixed Secondary and Primary Prevention
Trials
The Heart Protection Study (HPS) enrolled a total of
20,536 patients out of which 5,963 were diabetic patients
(HPSCG, 2002). The participants were randomly
allocated to simvastatin or placebo. Coronary deaths was
reduced by 20%, major coronary events had a reduction
of 27% and first revascularisation was also reduced by
17% in the diabetic group receiving simvastatin. This
further strengthen the fact that cholesterol-lowering
therapy is beneficial in people with diabetes mellitus
Science Publications
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level achieved was 63 mg dL−1 in the early intensive
treatment and 77 mg dL−1 in the delayed conservative
treatment (Lemos et al., 2004). In this study, the
intensive strategy did not significantly reduce the risk
for the composite end point of cardiovascular death,
nonfatal MI, readmission for acute coronary syndrome
and stroke and the diabetic subgroup was no exception
(Lemos et al., 2004).

1.4. Other Studies
There are other studies involving diabetic patients and
the use of statins in the prevention of cardiovascular risk.
These studies however seek to evaluate whether intensive
or moderate lipid lowering with statins will prevent
cardiovascular risk and to what extent.
The PROVE-IT study sets out to determine if
reducing LDL-Cholesterol below the level recommended
by the guidelines confers any further benefit on the
patient (Cannon et al., 2004). The PROVE-IT study
enrolled 4162 patients who had been hospitalized for an
acute coronary syndrome and compared 40 mg of
pravastatin daily (standard therapy) with 80 mg of
atorvastatin daily (intensive therapy). Diabetic patient
constitutes 18% of the enrolled subjects. There was a
significant reduction in LDL-cholesterol level in the
high-dose atorvastatin group (95 mg dL−1 in the
pravastatin group and 62 mg dL−1 in the atorvastatin
group). The benefit of high dose atorvastatin on the
primary end point death from any cause, myocardial
infarction, documented unstable angina requiring
rehospitalization, revascularization and stroke was
established (Cannon et al., 2004).
The Treating-to-New-Targets (TNT) study was a
prospective, double blind, parallel-group trial. 10,001
patients with clinically evident coronary heart disease
patients were enrolled (Deedwania et al., 2006). Of the
10,001 patients, 5584 patients had metabolic syndrome
based on the 2005 NCEP ATP III criteria and 1,231
patient had diabetes. Patients were randomly assigned to
receive either atorvastatin 10 mg per day (n = 2820) or
80 mg per day (n = 2764). The primary outcome measure
was time to first major cardiovascular event, defined as
death from coronary heart disease, non-fatal nonprocedure-related myocardial infarction, resuscitated
cardiac arrest, or fatal or non-fatal stroke. LDLcholesterol was lowered to 99 mg dL−1 in those that
received 10 mg atorvastatin and 72 mg dL−1 in those that
received 80 mg of atorvastatin (Deedwania et al., 2006).
High-dose (compared with low-dose) atorvastatin
reduced the risk of the primary end point (time to first
major cardiovascular event) in diabetic patients, with a
relative risk reduction similar to that observed in
nondiabetic patients (Deedwania et al., 2006).
The A-Z Trial compared early intensive versus a
delayed conservative simvastatin treatment in patients
with acute coronary syndromes. Patients with diabetes
were 24% of the study population. The LDL cholesterol
Science Publications

1.5. Risk Assessment
The benefit of cholesterol lowering with statins is
well established for primary and secondary prevention of
CHD in non-diabetic patients with both elevated and
relatively ‘normal’ serum cholesterol levels (SSSS,
1994; Sacks et al., 1996; LIPID, 1998; Shepherd et al.,
1995; Downs et al., 1998). Three key studies (4S,
CARE, LIPID) (SSSS, 1994; Sacks et al., 1996; LIPID,
1998) described above have been able to establish the
role of statins in secondary prevention of CHD in
diabetic patients. Apart from lowering cholesterol level,
statins also have anti-inflammatory actions. The role of
inflammation in the development of atherosclerosis have
also been established. Using statin for this purpose is an
important consideration as a therapy in the nearest future
(Brady and Betteridge, 2003).
Two studies with good evidence to support the role of
statins in primary prevention for diabetic population are
HPS and CARDS (Colhoun et al., 2004; Collins et al.,
2003). The two studies have almost the same number of
primary prevention patients and both were were able to
establish a statistical difference within this group. They
included diabetic patients with few other CHD risk
factors and still showed benefit within this subgroup
(Colhoun et al., 2004; Collins et al., 2003).
It has been well established that all diabetic patients
are not the same (EPDETHBCA, 2001). The NCEP
ATP III guidelines recognized this fact (EPDETHBCA,
2001). The assessment of the level of CHD risk in
people with diabetes as presently obtains, using the risk
estimation table, is not adequately done. Some patient
may thus be left out of statin and antihypertensive
treatments for primary prevention They also
persistently underestimate the level of risk. There are
many reasons for this, including the fact these tables
are based on Framingham data which had few diabetic
subjects (Winocour and Fisher, 2003).
The high incidence of CHD in people with diabetes
has led many to believe that diabetes should be
considered as a CHD risk equivalent and therefore all
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patients should be given a statin (Turner et al., 1998). In
Finland, patients with previous MI who are diabetic have
similar CHD events when compared with patients with
MI who are not diabetic (Haffner et al., 1998). In a study
from Tayside, people with diabetes without CHD had a
higher event rate than in non-diabetic people without
CHD. The event rate in non-diabetic subjects with
previous MI was however higher than in those with
diabetes with previous MI (Evans et al., 2002). In HPS,
which is primary prevention study, risk of CHD events in
diabetic patients was lower than the risk in the secondary
prevention subjects in 4S, CARE and LIPID. From the
foregoing, it is an established fact that there is a higher
risk of CHD in patients with diabetes mellitus. The
question does arise-should all people with diabetes be
treated with statin therapy?
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