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The prevalence of diabetes for all age-
groups worldwide was estimated to
be 2.8% (171 million) in the year

2000, and the projected number could
rise to 4.4% (366 million) in 2030 (1).
This rapid rise is mainly attributable to
the increase of diabetes. The continuing
escalation of obesity and the metabolic
syndrome contribute to the upsurge in
frequency of diabetes (2,3).

Interestingly, the appreciation in the
number of people �65 years of age was
found to be the most important demo-
graphic change to diabetes prevalence
around the world, indicating that the “di-
abetes epidemic” will continue even if lev-
els of obesity remain constant. Therefore,
it is likely that future diabetes preponder-
ance is underestimated, given the grow-
ing frequency of obesity (1). Because the
vast majority of diabetic patients have
type 2 diabetes and almost all the studies
were performed in such subjects, in this
article, “type 2 diabetes” will be referred
to as “diabetes.”

DIABETES AS A MAJOR
RISK FACTOR FOR
CARDIOVASCULAR
DISEASE — Cardiovascular disease
(CVD) is one of the foremost causes of
mortality and is a major contributor to
morbidity for individuals with diabetes.
In addition, diabetes is an independent
risk factor for macrovascular disease, as
are the common coexisting conditions
(hypertension and dyslipidemia). The
U.K. Prospective Diabetes Study (UKPDS)
evaluated baseline risk factors for coro-
nary artery disease in patients with newly
diagnosed diabetes without evidence of
vascular disease. When comparing the

relative contribution of the three modifi-
able coexisting conditions (dyslipidemia,
hypertension, and hyperglycemia) with
development of future coronary heart dis-
ease (CHD), the estimated hazard ratio
(HR) for the upper third, relative to the
lower third, for LDL cholesterol, systolic
blood pressure, and A1C were 2.26, 1.82,
and 1.52, respectively (4). This finding
supports the notion that dyslipidemia,
and specifically LDL cholesterol, are ma-
jor contributors to the increased CHD risk
in patients with diabetes (4,5). Hypergly-
cemia occurs at a far later stage in the se-
quence of events from insulin resistance
to frank diabetes, whereas lipoprotein ab-
normalities are manifested during the
pre-diabetic stage and contribute sub-
stantially to the increased risk of macro-
vascular disease. The most common
pattern of dyslipidemia in diabetic pa-
tients is elevated triglyceride levels and
decreased HDL cholesterol levels. Al-
though the mean concentration of LDL
cholesterol in patients with diabetes is not
significantly different from that in indi-
viduals without diabetes, qualitative
changes in LDL cholesterol may be
present. Patients with diabetes tend to
have a higher proportion of LDL particles
that are smaller and denser, are more sus-
ceptible to oxidation, and may thereby in-
crease the risk of cardiovascular events
(6,7). The Framingham cohort (8), and
more recent data, have established the no-
tion that diabetes is associated with a two-
to fourfold increased risk of both CHD
and stroke (9–11). Furthermore, diabetic
patients who develop cardiovascular
complications do not fare as well as non-
diabetic patients, namely the case-fatality
rates for myocardial infarction (MI) and

stroke are also higher among diabetic pa-
tients, emphasizing the important need
for primary prevention of cardiovascular
complications in these individuals. The
realization that diabetes is considered a
major risk for cardiovascular events
evolved to the concept regarding diabetes
as a “CHD-risk equivalent.” This concept
was first introduced in the 2001 American
National Cholesterol Education Program
Adult Treatment Panel III (NCEP ATP III)
guidelines (12), based on studies showing
that the absolute risk for first major coro-
nary events for diabetic individuals ap-
proximates that for recurrent events in
nondiabetic individuals with clinical
CHD (12,13). This hypothesis was reiter-
ated in the 2004 NCEP report, and cur-
rent treatment recommendat ions
consider patients with diabetes to be
CHD-risk equivalents and have estab-
lished more aggressive treatment goals for
LDL cholesterol, as well as for blood pres-
sure lowering (14–17). However, other
studies suggested that although diabetic
patients are at increased risk for CHD
morbidity and mortality, the risk may not
be as high as previously perceived, and
also question whether diabetic patients
without vascular disease should be cate-
gorized as being at similar risk.

DIABETES IS A CHD-RISK
EQUIVALENT — The seminal article
by Haffner et al. (13) is the basis for this
premise. This observational Finnish study
examined the 7-year incidence of cardio-
vascular events among 890 patients with
diabetes who had no history of MI, com-
pared with 69 patients with previous MI.
The risk of death from CHD was not sig-
nificantly different between the two
groups, with an adjusted HR of 1.2. The
main flaw of this study was the lack of
power to detect differences between the
two groups because of the small sample
size, leading to wide CIs around the risk
ratios. In an effort to correct this weak-
ness, follow-up of this cohort was pro-
longed for up to 18 years (18). Diabetic
patients without prior MI had an HR of
0.9 for the risk of CHD mortality com-
pared with nondiabetic patients with
prior MI infarction. Furthermore, with re-
spect to other definitions of CHD, the
prognosis for patients with diabetes with-
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out prior CHD was actually worse than
that for nondiabetic patients with prior
CHD, particularly for women. Similar re-
sults were found in the Renfrew and Pais-
ley Survey, a prospective cohort study of
7,052 men and 8,354 women, who were
followed up for 25 years (19). Diabetes
without previous CHD was found to carry
a lifetime fatality risk from vascular dis-
ease equal to that of CHD alone. Women
were found to be at particular risk. The
adjusted HR for CHD mortality in men
with diabetes only, compared with men
who had CHD, was 1.17. The corre-
sponding HR for women was 1.97. In the
Nurse’s Health Study, in a cohort of
121,700 women followed up for 20 years,
the age-adjusted relative risk of fatal CHD
was almost similar between women with a
history of diabetes and no CHD and those
with a history of CHD and no diabetes at
baseline (8.7 and 10.6, respectively) (20).
In the Women’s Pooling Project, a pro-
spective study that combined data from
nine long-term epidemiological studies,
27,269 women were followed up for an
average of 8.3 years (10). Diabetic women
without CVD were found to have a fatal
stroke risk similar to that of nondiabetic
females who had a history of prior stroke
and a similar risk factor profile (HR 1.29).

DIABETES IS NOT A CHD-
RISK EQUIVALENT — In cross-
sectional and cohort studies from Scot-
land, patients with diabetes were found to
be at lower risk of cardiovascular out-
comes compared with patients with es-
tablished CHD (21). In the cross-
sectional study (n � 1,155), the adjusted
risk ratio for death from all-cause mortal-
ity was 2.27 for patients with a previous
MI compared with diabetic patients with-
out CHD. In the cohort study (n �
3,477), the diabetic group was at a lower
risk for all-cause and cardiovascular mor-
tality, compared with those who had dia-
betes but no CHD. However, the reduced
risk of diabetic patients without CHD
seemed to occur mainly in the early pe-
riod of follow-up, with the gradients of
the curves converging after �3 years (21).
In the Atherosclerosis Risk in Communi-
ties (ARIC) study, a population-based co-
hort from four U.S. communities (n �
13,790) with over 11 years of follow-up,
diabetic patients without MI had less dan-
ger of CHD events and mortality from
CVD, compared with nondiabetic pa-
tients with a prior MI. However, the pos-
sibility for stroke was similar in these
groups. After adjustment for multiple

baseline risk factors, patients with a his-
tory of MI without diabetes at baseline
had a 1.9 times greater likelihood of fatal
CHD or nonfatal MI, compared with dia-
betic patients without a prior MI. The
nondiabetic patients with MI also had a
1.8 times higher risk of CVD mortality
than diabetic patients without MI. In the
Prospective Cardiovascular Munster
(PROCAM) study (n � 5,389), only
26.5% of men with diabetes were esti-
mated as having a 10-year coronary event
risk at or above the threshold of 20%,
which is regarded as being equivalent to
that of established CHD. The positive pre-
dictive value of a high-risk estimate was
only 35% in diabetic men. In the Physi-
cian’s Health Study, a prospective cohort
analysis of 91,285 U.S. male physicians,
CHD was a stronger predictor of death
from CHD than diabetes (22). The risk of
CHD mortality was 3.3% among men
with diabetes and without CHD and 5.6%
among men with CHD and without dia-
betes. For all-cause mortality, the magni-
tude of excess vulnerability presented by
diabetes was similar to that of a history of
CHD. Similar results were found in the
Multiple Risk Factor Intervention Trial
(MRFIT) (9). The adjusted HR for all-
cause mortality for individuals with MI
only, compared with diabetes only, was
0.97, but the pattern of demise was dif-
ferent: higher coronary mortality and
lower mortality from noncardiovascular
causes in individuals with MI only, com-
pared with individuals with diabetes only.

CALCULATING THE RISK OF
DIABETIC PATIENTS — Different
risk calculators vary in their attitude to-
ward diabetes as a CHD risk factor. The
Framingham risk calculator uses age, sex,
blood pressure, cholesterol (total and
HDL), and smoking for calculating the
risk, with diabetes considered a CHD-risk
equivalent, requiring no further risk cal-
culation (12). The European Systematic
Coronary Risk Evaluation (SCORE) cal-
culator uses a similar approach. Patients
with diabetes are automatically assigned
to the highest risk category, and further
hazard calculation is unnecessary (23).
Other risk calculators treat diabetes the
same as other danger factors and include
this condition in the probability equa-
tions. An example for such an approach is
the PROCAM risk calculator. Other risk
calculators were specifically designed for
patients with diabetes; the UKPDS risk
engine uses glycemia, systolic blood pres-
sure, lipid levels, age, sex, ethnic group,

smoking status, and time since diagnosis
of diabetes to form a diabetes-specific risk
assessment (24). Other calculators com-
bine a general and a diabetes-specific ap-
proach. Recently, a modification of the
Framingham calculator was proposed for
women, which included A1C in the risk
calculation if the patient was diabetic.

CHOLESTEROL REDUCTION
AND CARDIOVASCULAR
RISK REDUCTION IN
DIABETIC PATIENTS — The vast
majority of clinical trials examining cho-
lesterol reduction as a means to reduce
cardiovascular risk were performed using
HMG-CoA reductase inhibitors (statins).
Only three trials recruited diabetic pa-
tients exclusively, but some other trials
included sufficient diabetic patients to fa-
cilitate prespecified or post hoc analyses
of the effect of statins in these patients.

SECONDARY PREVENTION
AND MIXED SECONDARY
AND PRIMARY
PREVENTION TRIAL — In a post
hoc analysis of the Scandinavian Simva-
statin Survival Study (4S), a significant re-
duction in major coronary events and
revascularization was observed in simvas-
tatin-treated diabetic patients (25) (Table
1). Total and coronary mortality were also
reduced, but not significantly, because of
the small sample size. Notably, risk re-
duction for major coronary events was
greater in diabetic (42%) than in nondia-
betic patients (32%). In the Cholesterol
and Recurrent Events (CARE) trial, prav-
astatin treatment, compared with pla-
cebo, reduced by 25% the relative risk of
coronary events for both diabetic and
nondiabetic patients (26). In the Long-
Term Intervention with Pravastatin in
Ischemic Disease (LIPID) trial, treatment
with pravastatin was associated with a re-
duction of 19% in major CHD (albeit not
statistically significant) (27). A possible
explanation for the nonsignificant reduc-
tion may be the lower baseline risk: dia-
betic patients treated with placebo in the
LIPID trial had a 15.9% chance of fatal
CHD and nonfatal MI compared with a
likelihood of �20% in CARE and �35%
in 4S. The Heart Protection Study (HPS),
the largest statin trial, comprised almost
6,000 diabetic patients (28). For the first
occurrence of major vascular events
among participants with diabetes, there
was a statistically significant 22% reduc-
tion in the event rate, which was similar to
that among the other high-risk individu-
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als studied. The Atorvastatin Study for
Prevention of Coronary Heart Disease
End Points (ASPEN) trial examined the
effect of 10 mg atorvastatin versus pla-
cebo on major cardiovascular events in
2,410 subjects with diabetes (29). This
trial was originally designed as a secondary
prevention trial for individuals with CHD.
However, the protocol was amended within
2 years of initiation of the study to enable
enrollment of subjects without prior
CHD. Subsequent treatment guidelines
necessitated all secondary prevention
subjects, and primary prevention subjects
who developed a primary CVD end point
during the trial, to discontinue the study
medication and commence active ther-
apy. In this trial, there was no difference
in major cardiovascular events between
the atorvastatin and placebo groups. In
the Diabetes and Dialysis Study, 1,255
patients with diabetes receiving hemodi-
alysis (30% of whom had CHD), were
randomly assigned to receive 20 mg ator-
vastatin per day or placebo (30). Atorva-
statin had no significant effect on the
composite primary end point of cardio-
vascular death, nonfatal MI, and stroke.
These results were observed despite a
high incidence rate of major cardiovascu-
lar events, which was the highest in all
long-term prospective statin therapy tri-

als. It is noteworthy that the subgroup
analyses showed no difference in out-
comes for baseline LDL cholesterol level,
or presence or absence of CVD. A possible
explanation for the lack of benefit from
statin therapy in this trial may be due to
the type of patients studied. In patients on
dialysis, other pathogenetic factors may
be more prominent in contributing to car-
diovascular risk. It is of interest that, in
patients with end-stage renal disease,
there is a kind of “reverse epidemiology,”
with inverse associations between blood
cholesterol (as well as other risk factors
including hypertension and obesity) and
all-cause or cardiovascular mortality (31).

PRIMARY PREVENTION
TRIALS — The West of Scotland Cor-
onary Prevention Study and the Air
Force/Texas Coronary Atherosclerosis
Prevention Study (AFCAPS/TexCAPS)
comprised only a small number of dia-
betic patients (1 and 2% of the patients
studied, respectively), precluding a
meaningful subanalysis of this patient
population.

In the Anglo-Scandinavian Cardiac
Outcomes Trial–Lipid-Lowering Arm
(ASCOT-LLA), 24% of the 19,342 hyper-
tensive patients enrolled had diabetes
(32). The proportional effect of atorvasta-

tin on the primary end point of nonfatal
MI and fatal CHD did not differ signifi-
cantly in any prespecified subgroup from
that noted overall, although the benefit
was not significant in patients with diabe-
tes. However, the absolute number of
events among patients with diabetes was
small, so the study may have had inade-
quate power, especially due to the short-
ened follow-up period (the study was
stopped prematurely after a median of 3.3
years’ follow-up because of the obvious
benefit of atorvastatin). Another issue was
the high rate of statin use among patients
with diabetes assigned to placebo: 14%
compared with 8% in individuals without
diabetes. The Collaborative Atorvastatin
Diabetes Study (CARDS) is the only dia-
betes-specific primary prevention trial
performed (33). In this trial, 2,838 dia-
betic patients without CHD, but with at
least one other risk factor (hypertension,
retinopathy, albuminuria, or smoking),
were randomized to 10 mg atorvastatin
daily, or placebo. The primary end point
was the time to first occurrence of acute
CHD events, coronary revascularization,
or stroke. The trial was terminated 2 years
earlier than expected because the pre-
specified stopping rule for efficacy had
been met. There was a significant relative
risk reduction of 37%, with 37 major vas-

Table 1—Cholesterol reduction and cardiovascular risk reduction in diabetic patients

Study (reference)

Number of
patients with

diabetes Drug and dose

Mean baseline
LDL cholesterol

(mg/dl)

Mean achieved
LDL cholesterol

(mg/dl)

% Reduction in
major adverse

coronary
events* P

Secondary prevention
and mixed trials

4S (25) 483 Simvastatin 20–40 mg 189 117 42 0.001
CARE (26) 586 Pravastatin 40 mg 136 96 25 0.05
LIPID (27) 782 Pravastatin 40 mg 150† 112† 19 NS
HPS (28) 5,936 Simvastatin 40 mg 124 89 22 �0.0001
ASPEN (29) 2,410 Atorvastatin 10 mg 113 79 10 NS
Diabetes and Dialysis

(30) 1,255 Atorvastatin 20 mg 123 72 8 NS
Primary prevention trials

ASCOT (31) 2,532 Atorvastatin 10 mg 132† 81† 36 0.0005
CARDS (32) 2,838 Atorvastatin 10 mg 117 81 37 0.001

Intensive versus less
intensive therapy

PROVE-IT (34) 734 Atorvastatin 80 mg vs.
pravastatin 40 mg

106† 62 vs. 95†‡ 17 NS

TNT (35) 1,231 Atorvastatin 80 mg vs.
atorvastatin 10 mg

99 73 vs. 99‡ 29 �0.0001

A to Z (36) 1,059 Simvastatin 40/80 mg vs.
simvastatin 0/20 mg

111† 66 vs. 81†‡ 14 NS

*According to study definition. †Value for the entire study population. ‡Intensive versus moderate therapy.
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cular events prevented per 1,000 people
treated for 4 years. Overall mortality was
also reduced with atorvastatin, although
just failing to reach statistical significance.

INTENSIVE VERSUS
MODERATE LIPID
LOWERING WITH
STATINS — The PROVE-IT study
compared 80 mg atorvastatin to 40 mg
pravastatin (LDL cholesterol level
achieved, 62 vs. 95 mg/dl, respectively) in
patients with acute coronary syndrome
(34); 18% of the patients enrolled had di-
abetes. The benefit of high-dose atorva-
statin on the primary composite end point
of death from any all-cause mortality, MI,
unstable angina, revascularization, and
stroke was consistent among the pre-
specified subgroups, including diabetic
patients. The Treating-to-New-Targets
(TNT) study compared 80 mg with 10 mg
atorvastatin (LDL cholesterol level
achieved, 72 vs. 99 mg/dl, respectively),
in patients with stable CHD. Of the
10,001 patients enrolled in this study,
5,584 had metabolic syndrome and 1,231
had diabetes (35). 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. In the A to Z Trial, which com-
pared early intensive versus a delayed
conservative simvastatin treatment in pa-
tients with acute coronary syndromes
(LDL cholesterol level achieved 63 vs. 77
mg/dl, respectively), 24% of patients had
diabetes (36). In this study, the intensive
strategy did not significantly reduce the
risk for the composite end point of car-
diovascular death, nonfatal MI, readmis-
sion for acute coronary syndrome, and
stroke, and the diabetic subgroup was no
exception.

SHOULD ALL DIABETIC
PATIENTS BE TREATED
WITH A STATIN? — It has been
shown in different populations that a pos-
itive log-linear relation exists between
blood LDL cholesterol and the risk of
CHD, and this association persists well
below the range of typical cholesterol lev-
els (37–39).

A large body of data has provided the
evidence that LDL lowering with statins,
in a variety of populations at risk for CVD,
including patients with diabetes, reduced
the relative risk for cardiovascular events
(39,40). However, it is important to em-

phasize that treatment decisions should
be based not on the reduction in relative
risk, but on the reduction of absolute risk.

Therefore, in patients with a high ab-
solute cardiovascular risk, even a modest
reduction in relative risk provides sub-
stantial clinical benefits. In addition,
other parameters should also be consid-
ered, namely life expectancy, concomi-
tant diseases, and quality of life.

To address the controversy as to
whether diabetic patients without vascu-
lar disease should be treated in a manner
similar to patients with established CHD,
the absolute risk for developing CVD in
diabetic patients should be clarified. Are
risks similar in all diabetic patients? Can
we consider all diabetic patients to be
CHD-risk equivalents? Is intensive treat-
ment in diabetic patients without CHD
more beneficial than moderate treatment?

CARDIOVASCULAR RISK
ASSESSMENT OF DIABETIC
PATIENTS: IMPLICATIONS
IN PRACTICE GUIDELINES — The
NCEP ATP III guidelines recognized the
fact that not all diabetic patients are alike
(12). The authors chose to consider all
diabetic patients to be in the highest-risk
category, because of the notion that most
seemingly low-risk diabetic patients are
younger and do not manifest multiple
major risk factors. However, if their risk is
projected to age 65 years, the majority
will attain a risk of 20%. For example, in
the Third National Health and Nutrition
Examination Survey (NHANES III), indi-
viduals aged 50 years, with both diabetes
and metabolic syndrome, had the highest
prevalence of CHD (19.2%), compared
with individuals with neither condition.
Among people with diabetes, the preva-
lence of metabolic syndrome was ex-
tremely high (86%). In the small subset of
diabetic patients who did not meet the
criteria for metabolic syndrome, the inci-
dence of CHD was only 7.5%, which was
comparable to that of individuals with
neither diabetes nor metabolic syndrome
(8.7%). Furthermore, diabetic patients
have an increased case-fatality rate with
an MI, and their overall prognosis for sur-
vival is far worse once they develop CHD
than it is for CHD patients without diabe-
tes, making primary prevention of cardio-
vascular events extremely important in
this patient population. Therefore, an
LDL cholesterol goal of �100 mg/dl was
set for all patients with diabetes. It is
stated that if a patient with diabetes and
no CVD is considered to be at lower risk,

because of young age or lack of other risk
factors, an LDL-lowering drug should not
be started if the LDL cholesterol level is
�130 mg/dl, depending on clinical
judgment.

In the 2004 NCEP report (12), updat-
ing the ATP III guidelines, the view of di-
abetes as a high-risk state was unchanged,
and an LDL cholesterol goal of �70 mg/dl
was considered optional. The European
guidelines took a similar approach, stat-
ing that “patients . . . who have diabe-
tes . . . have already declared themselves
to be at markedly increased risk” without
a need for further risk stratification (23).
An LDL cholesterol goal of �100 mg/dl
was set, with a goal of �80 mg/dl if feasi-
ble. A recent scientific statement by the
American Heart Association and the
American Diabetes Association took a
more cautious approach (41). In individ-
uals with diabetes who are over the age of
40 years, without overt CVD, but with
one or more major CVD risk factor (hy-
pertension, low HDL cholesterol levels,
smoking, and family history of premature
CHD), the primary goal is an LDL choles-
terol level �100 mg/dl. If LDL-lowering
drugs are used, a reduction of at least 30–
40% in LDL cholesterol levels should be
obtained. If baseline LDL cholesterol is
�100 mg/dl, statin therapy should be ini-
tiated on the basis of risk factor assess-
ment and c l in ica l judgment . In
individuals with diabetes who are under
the age of 40 years, without overt CVD,
but who are estimated to be at increased
risk of CVD, either by clinical judgment
or by risk calculator, the LDL cholesterol
goal is �100 mg/dl, and LDL-lowering
drugs should be considered if lifestyle
changes do not achieve the goal. The Ca-
nadian guidelines use a similar approach,
stating that most adults with diabetes
should be considered at high risk for vas-
cular disease. The exceptions are younger
patients with shorter duration of disease
and without diabetic complications (in-
cluding established CVD) and without
other CVD risk factors. A computerized
risk engine (e.g., UKPDS risk engine, Car-
diovascular Life Expectancy Model) can
be used to estimate vascular risk (24).

LDL cholesterol lowering with statins
has been previously shown to be benefi-
cial with a substantial risk reduction of
major vascular events in a wide spectrum
of high-risk participants, irrespective of
baseline lipid profile or other characteris-
tics, including diabetes. However, a small
number of trials recruited diabetic pa-
tients exclusively, and other trials did not
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enroll a sufficient number of diabetic pa-
tients to facilitate prespecified or post hoc
analyses of the effect of statins in these
patients. In addition, there was scant in-
formation about the separate effects of st-
atins on cardiovascular complications
and whether the benefits of statin therapy
are worthwhile in people with diabetes
without a history of clinically manifested
vascular disease. A recent meta-analysis
addressed these issues and examined the
efficacy of statin therapy in 18,686 people
with diabetes in 14 randomized trials
(39). During a mean follow-up of 4.3
years, statin therapy significantly reduced
the risk of all-cause and vascular mortal-
ity, major vascular events, MI, coronary
revascularization, and stroke. A salient
point is that the proportional effect of sta-
tin therapy in diabetic patients was simi-
lar, irrespective of whether there was a
prior history of vascular disease and other
baseline characteristics, namely sex, age,
hypertension, pretreatment LDL choles-
terol levels, other lipid levels, BMI, smok-
ing, and estimated glomerular filtration
rate. The authors suggested that the use of
standard doses of statins that reduced
LDL cholesterol by almost 40% would
prevent approximately one-third of pa-
tients from experiencing a major vascular
event. Moreover, a greater decline in LDL
cholesterol levels is expected to further
decrease cardiovascular risk, since the
benefits were almost linearly related to the
absolute reduction in LDL cholesterol,
with no threshold below which there was
no further benefit. Not surprisingly, eval-
uation of the outcome of diabetic patients
in the placebo arm of this meta-analysis
revealed that those with a history of vas-
cular disease had the worst outcome
(31.6% risk for major vascular events
during 4.3 years of follow-up). The risk
for developing a major vascular event was
higher in patients with vascular disease
without diabetes, compared with diabetic
patients without vascular disease (23.5
and 11.8%, respectively), the lowest risk
being in patients without diabetes and no
vascular disease (8.3%). This indicates
that the notion that diabetes is a CHD-risk
equivalent cannot be applied to all dia-
betic patients. The relative risk reduction
of major vascular events per millimole per
liter reduction in LDL cholesterol in par-
ticipants with and without diabetes, and
with or without a history of vascular dis-
ease, was analogous. Despite the fact that
the absolute risk of patients with diabetes
without vascular disease was lower than
nondiabetic patients with vascular dis-

ease, the average risk over a 10-year pe-
riod in those with diabetes, but without
vascular disease, would exceed the U.K.
National Institute for Health and Clinical
Excellence (NICE) threshold of 20% risk
at which level these guidelines recom-
mend statin therapy (39).

Although it is recognized that not all
patients with diabetes are at risk, which is
equivalent to patients who had developed
cardiovascular complications, it is our
recommendation that all patients with di-
abetes should be prescribed statin therapy
to achieve a reduction in LDL cholesterol
by at least 30–40%, to a target goal of
�100 mg/dl (2.60 mmol/l). This ap-
proach is supported by evidence showing
that all diabetic patients are in the highest
risk category, and the majority of those
considered at lower risk, mostly younger
individuals, will attain a risk of 20% over
a 20-year period. This seemingly aggres-
sive approach is also justified because pri-
mary prevention of cardiovascular
complications in diabetic patients is es-
sential because of the high case-fatality
rates among individuals who develop car-
diovascular complications. Furthermore,
this approach simplifies treatment guide-
lines and potentially will increase treat-
ment rates in this high-risk group. It is
important to emphasize that data ob-
tained from a large number of clinical tri-
als have shown that statin-based therapy
is relatively safe. Moreover, recent data
have shown that some generic statins are
cost-effective, and it is expected that
within the next few years, more statins
will be available in the generic form,
which will reduce cost and increase
cost-effectiveness.

Acknowledgments— This study was sup-
ported by the Talpiot Medical Leadership Program
Award, Sheba Medical Center, Tel Hashomer, Is-
rael, and the Sami and Angela Shamoon Vascular
Biology Research Fund (to Y.K.).

No potential conflicts of interest relevant to
this article were reported.

References
1. Wild S, Roglic G, Green A, Sicree R, King H.

Global prevalence of diabetes: estimates for
the year 2000 and projections for 2030. Di-
abetes Care 2004;27:1047–1053

2. Mokdad AH, Ford ES, Bowman BA, Dietz
WH, Vinicor F, Bales VS, Marks JS. Prev-
alence of obesity, diabetes, and obesity-
related health risk factors, 2001. JAMA
2003;289:76–79

3. Ford ES, Giles WH, Dietz WH. Prevalence
of the metabolic syndrome among US

adults: findings from the Third National
Health and Nutrition Examination Sur-
vey. JAMA 2002;287:356–359

4. Turner RC, Millns H, Neil HA, Stratton
IM, Manley SE, Matthews DR, Holman
RR. Risk factors for coronary artery dis-
ease in non-insulin dependent diabetes
mellitus: United Kingdom Prospective Di-
abetes Study (UKPDS: 23). BMJ 1998;
316:823–828

5. Haffner SM. Management of dyslipidemia
in adults with diabetes. Diabetes Care
1998;21:160–178

6. Haffner SM. Dyslipidemia management in
adults with diabetes. Diabetes Care 27
(Suppl. 1):S68–S71, 2004

7. de Graaf J, Hak-Lemmers HL, Hectors MP,
Demacker PN, Hendriks JC, Stalenhoef AF.
Enhanced susceptibility to in vitro oxida-
tion of the dense low density lipoprotein
subfraction in healthy subjects. Arterioscler
Thromb 1991;11:298–306

8. Kannel WB, McGee DL. Diabetes and glu-
cose tolerance as risk factors for cardio-
vascular disease: the Framingham study.
Diabetes Care 1979;2:120–126

9. Stamler J, Vaccaro O, Neaton JD, Went-
worth D. Diabetes, other risk factors, and
12-year cardiovascular mortality for men
screened in the Multiple Risk Factor Inter-
vention Trial. Diabetes Care 1993;16:434–
444

10. Ho JE, Paultre F, Mosca L. Is diabetes mel-
litus a cardiovascular disease risk equiva-
lent for fatal stroke in women? Data from
the Women’s Pooling Project. Stroke
2003;34:2812–2816

11. McCarron P, Greenwood R, Elwood P,
Shlomo YB, Bayer A, Baker I, Frankel S,
Ebrahim S, Murray L, Smith GD. The in-
cidence and aetiology of stroke in the
Caerphilly and Speedwell Collaborative
Studies II: risk factors for ischaemic
stroke. Public Health 2001;115:12–20

12. Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III): Execu-
tive Summary of the Third Report of the
National Cholesterol Education Program
(NCEP). JAMA 2001;285:2486–2497

13. Haffner SM, Lehto S, Ronnemaa T,
Pyorala K, Laakso M. Mortality from cor-
onary heart disease in subjects with type 2
diabetes and in nondiabetic subjects with
and without prior myocardial infarction.
N Engl J Med 1998;339:229–234

14. De Backer G, Ambrosioni E, Borch-Johnsen
K, Brotons C, Cifkova R, Dallongeville J,
Ebrahim S, Faergeman O, Graham I, Man-
cia G, Manger Cats V, Orth-Gomer K, Perk
J, Pyorala K, Rodicio JL, Sans S, Sansoy V,
Sechtem U, Silber S, Thomsen T, Wood D.
European guidelines on cardiovascular dis-
ease prevention in clinical practice: Third
Joint Task Force of European and Other So-
cieties on Cardiovascular Disease Preven-
tion in Clinical Practice. Eur Heart J 2003;
24:1601–1610

Treating diabetes with statin drugs

S382 DIABETES CARE, VOLUME 32, SUPPLEMENT 2, NOVEMBER 2009 care.diabetesjournals.org



15. American Diabetes Association. Stan-
dards of medical care in diabetes. Diabe-
tes Care 2005;28 (Suppl. 1):S4–S36

16. Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults
(Adult Treatment Panel III) final report.
Circulation 2002;106:3143–3421

17. American Diabetes Association. Standards
of medical care in diabetes: 2007. Diabetes
Care 2007;30 (Suppl. 1):S4–S41

18. Juutilainen A, Lehto S, Ronnemaa T,
Pyorala K, Laakso M. Type 2 diabetes as a
“coronary heart disease equivalent”: an
18-year prospective population-based
study in Finnish subjects. Diabetes Care
2005;28:2901–2907

19. Whiteley L, Padmanabhan S, Hole D, Isles
C. Should diabetes be considered a coro-
nary heart disease risk equivalent? Results
from 25 years of follow-up in the Renfrew
and Paisley survey. Diabetes Care 2005;
28:1588–1593

20. Hu FB, Stampfer MJ, Solomon CG, Liu S,
Willett WC, Speizer FE, Nathan DM, Man-
son JE. The impact of diabetes mellitus on
mortality from all causes and coronary heart
disease in women: 20 years of follow-up.
Arch Intern Med 2001;161:1717–1723

21. Evans JM, Wang J, Morris AD. Compari-
son of cardiovascular risk between pa-
tients with type 2 diabetes and those who
had had a myocardial infarction: cross
sectional and cohort studies. BMJ 2002;
324:939–942

22. Lotufo PA, Gaziano JM, Chae CU, Ajani UA,
Moreno-John G, Buring JE, Manson JE. Di-
abetes and all-cause and coronary heart dis-
ease mortality among US male physicians.
Arch Intern Med 2001;161:242–247

23. Graham I, Atar D, Borch-Johnsen K, Boy-
sen G, Burell G, Cifkova R, Dallongeville
J, De Backer G, Ebrahim S, Gjelsvik B,
Herrmann-Lingen C, Hoes A, Humphries
S, Knapton M, Perk J, Priori SG, Pyorala
K, Reiner Z, Ruilope L, Sans-Menendez S,
Op Reimer WS, Weissberg P, Wood D,
Yarnell J, Zamorano JL, Walma E, Fitzger-
ald T, Cooney MT, Dudina A, Vahanian A,
Camm J, De Caterina R, Dean V, Dickstein
K, Funck-Brentano C, Filippatos G, Hel-
lemans I, Kristensen SD, McGregor K,
Sechtem U, Silber S, Tendera M, Widim-
sky P, Altiner A, Bonora E, Durrington
PN, Fagard R, Giampaoli S, Hemingway
H, Hakansson J, Kjeldsen SE, Larsen L,
Mancia G, Manolis AJ, Orth-Gomer K,
Pedersen T, Rayner M, Ryden L, Sammut
M, Schneiderman N, Stalenhoef AF, To-
kgozoglu L, Wiklund O, Zampelas A. Eu-
ropean guidelines on cardiovascular
disease prevention in clinical practice: full
text. Fourth Joint Task Force of the Euro-
pean Society of Cardiology and other
societies on cardiovascular disease pre-
vention in clinical practice (constituted by
representatives of nine societies and by

invited experts). Eur J Cardiovasc Prev
Rehabil 2007;14 (Suppl. 2):S1–S113

24. Stevens RJ, Kothari V, Adler AI, Stratton
IM. The UKPDS risk engine: a model for
the risk of coronary heart disease in type II
diabetes (UKPDS 56). Clin Sci (Lond)
2001;101:671–679

25. Haffner SM, Alexander CM, Cook TJ,
Boccuzzi SJ, Musliner TA, Pedersen TR,
Kjekshus J, Pyorala K. Reduced coronary
events in simvastatin-treated patients
with coronary heart disease and diabetes
or impaired fasting glucose levels: sub-
group analyses in the Scandinavian Sim-
vastatin Survival Study. Arch Intern Med
1999;159:2661–2667

26. Goldberg RB, Mellies MJ, Sacks FM, Moye
LA, Howard BV, Howard WJ, Davis BR,
Cole TG, Pfeffer MA, Braunwald E. The
Care Investigators: Cardiovascular events
and their reduction with pravastatin in di-
abetic and glucose-intolerant myocardial
infarction survivors with average choles-
terol levels: subgroup analyses in the cho-
lesterol and recurrent events (CARE) trial.
Circulation 1998;98:2513–2519

27. Long-Term Intervention with Pravastatin
in Ischaemic Disease (LIPID) Study Group:
Prevention of cardiovascular events and
death with pravastatin in patients with
coronary heart disease and a broad range
of initial cholesterol levels. N Engl J Med
1998;339:1349–1357

28. Collins R, Armitage J, Parish S, Sleigh P,
Peto R. MRC/BHF Heart Protection Study
of cholesterol-lowering with simvastatin
in 5963 people with diabetes: a random-
ised placebo-controlled trial. Lancet
2003;361:2005–2016

29. Knopp RH, d’Emden M, Smilde JG, Pocock
SJ. Efficacy and safety of atorvastatin in the
prevention of cardiovascular end points in
subjects with type 2 diabetes: the Atorvasta-
tin Study for Prevention of Coronary Heart
Disease Endpoints in non-insulin-depen-
dent diabetes mellitus (ASPEN). Diabetes
Care 2006;29:1478–1485

30. Wanner C, Krane V, Marz W, Olschewski
M, Mann JF, Ruf G, Ritz E. Atorvastatin in
patients with type 2 diabetes mellitus un-
dergoing hemodialysis. N Engl J Med
2005;353:238–248

31. Baigent C, Burbury K, Wheeler D.
Premature cardiovascular disease in
chronic renal failure. Lancet 2000;356:
147–152

32. Sever PS, Dahlof B, Poulter NR, Wedel H,
Beevers G, Caulfield M, Collins R, Kjeldsen
SE, Kristinsson A, McInnes GT, Mehlsen J,
Nieminen M, O’Brien E, Ostergren J. Pre-
vention of coronary and stroke events with
atorvastatin in hypertensive patients who
have average or lower-than-average choles-
terol concentrations, in the Anglo-Scandi-
navian Cardiac Outcomes Trial–Lipid
Lowering Arm (ASCOT-LLA): a multicen-
tre randomised controlled trial. Lancet
2003;361:1149–1158

33. Colhoun HM, Betteridge DJ, Durrington
PN, Hitman GA, Neil HA, Livingstone SJ,
Thomason MJ, Mackness MI, Charlton-
Menys V, Fuller JH. Primary prevention of
cardiovascular disease with atorvastatin
in type 2 diabetes in the Collaborative
Atorvastatin Diabetes Study (CARDS):
multicentre randomised placebo-con-
trolled trial. Lancet 2004;364:685–696

34. Cannon CP, Braunwald E, McCabe CH,
Rader DJ, Rouleau JL, Belder R, Joyal SV,
Hill KA, Pfeffer MA, Skene AM. Intensive
versus moderate lipid lowering with st-
atins after acute coronary syndromes.
N Engl J Med 2004;350:1495–1504

35. Deedwania P, Barter P, Carmena R, Fru-
chart JC, Grundy SM, Haffner S, Kastelein
JJ, LaRosa JC, Schachner H, Shepherd J,
Waters DD. Reduction of low-density li-
poprotein cholesterol in patients with
coronary heart disease and metabolic syn-
drome: analysis of the Treating to New
Targets study. Lancet 2006;368:919–928

36. de Lemos JA, Blazing MA, Wiviott SD,
Lewis EF, Fox KA, White HD, Rouleau JL,
Pedersen TR, Gardner LH, Mukherjee R,
Ramsey KE, Palmisano J, Bilheimer DW,
Pfeffer MA, Califf RM, Braunwald E. Early
intensive vs a delayed conservative simva-
statin strategy in patients with acute cor-
onary syndromes: phase Z of the A to Z
trial. JAMA 2004;292:1307–1316

37. Jacobs D, Blackburn H, Higgins M, Reed
D, Iso H, McMillan G, Neaton J, Nelson J,
Potter J, Rifkind B, et al. Report of the
Conference on Low Blood Cholesterol:
Mortality Associations. Circulation 1992;
86:1046–1060

38. Chen Z, Peto R, Collins R, MacMahon S, Lu
J, Li W. Serum cholesterol concentration
and coronary heart disease in population
with low cholesterol concentrations. BMJ
1991;303:276–282

39. Kearney PM, Blackwell L, Collins R,
Keech A, Simes J, Peto R, Armitage J,
Baigent C. Efficacy of cholesterol-lower-
ing therapy in 18,686 people with diabe-
tes in 14 randomised trials of statins: a
meta-analysis. Lancet 2008;371:117–125

40. Baigent C, Keech A, Kearney PM, Black-
well L, Buck G, Pollicino C, Kirby A, Sour-
jina T, Peto R, Collins R, Simes R. Efficacy
and safety of cholesterol-lowering treat-
ment: prospective meta-analysis of data
from 90,056 participants in 14 random-
ised trials of statins. Lancet 2005;366:
1267–1278

41. Buse JB, Ginsberg HN, Bakris GL, Clark
NG, Costa F, Eckel R, Fonseca V, Gerstein
HC, Grundy S, Nesto RW, Pignone MP,
Plutzky J, Porte D, Redberg R, Stitzel KF,
Stone NJ. Primary prevention of cardio-
vascular diseases in people with diabetes
mellitus: a scientific statement from the
American Heart Association and the
American Diabetes Association. Circula-
tion 2007;115:114–126

Kamari and Associates

care.diabetesjournals.org DIABETES CARE, VOLUME 32, SUPPLEMENT 2, NOVEMBER 2009 S383


