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Lipids and CHD:
Treating to Lower Targets
The reduction of LDL-C is an important step to making an impact on the high prevalence of coronary
heart disease in today’s society. In this article, Dr. Fitchett details the steps we must take to make an
impact on the disease by treating global risk.
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Lipids: A risk factor for CHD

Abnormal lipid metabolism is an important
modifiable risk factor for coronary heart disease
(CHD). In the large international INTER-
HEART study,1 abnormal lipids were not only
the most prevalent risk factor, but also had the
greatest attributable risk for CHD in subjects
with a history of MI. Multiple clinical trials have
demonstrated the value of reducing cholesterol
levels for both the secondary and primary pre-
vention of coronary and cerebrovascular disease.

Lower LDL-C and improved
outcomes
A meta-analysis2 of 14 randomized trials with
90,000 subjects showed that statin therapy
reduced the incidence of CHD and other major
vascular events (Table 1). Statin therapy resulted
in a 20% reduction of cardiovascular (CV)
events for every 1 mmol/L reduction of LDL-C
(Figure 1).
It was concluded that over a five year period,

for every 1000 individuals treated, there will be
48 fewer CV events (i.e., death, MI, stroke) in
those with a history of CHD and 25 fewer events
in subjects with no CV disease (CVD) history.
The meta-analysis showed the same relative-risk
reduction whether the baseline LDL-C was

< 3.5 mmol/L or > 4.5 mmol/L. Similar benefit
from statin treatment was observed in the pres-
ence and absence of a wide range of baseline
conditions and risk factors including:
• a prior history of MI,
• > 65-years-of-age,
• male gender,
• treated hypertension, or
• diabetes.
Recent studies have shown that reducing

LDL-C to lower targets retards or even reverses
the progression of atherosclerosis and improves
outcomes. Intracoronary ultrasound measurement

Table 1

Relative risk reduction (RRR) for
statin therapy: CTT meta-analysis2

RRR p

All-cause mortality 12% < 0.0001

Coronary heart 19% < 0.0001
disease mortality

Non CV mortality 5% NS

MI (fatal/non-fatal) 23% < 0.0001

Coronary 24% < 0.0001
revascularization

Stroke (fatal/non-fatal) 17% < 0.0001

CTT: Cholesterol treatment trialists
CV: Cardiovascular
NS: Not significant
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in the reversal of atherosclerosis with aggressive
lipid lowering therapy (REVERSAL) trial3

showed atherosclerotic plaque volume was sta-
bilized by 80 mg of atorvastatin q.d. (LDL-C on
treatment was 2.05 mmol/L), whereas those
patients receiving 40 mg of pravastatin (LDL-C
2.85 mmol/L) had a progression of disease.
Regression of the plaque was observed when
LDL-C was reduced by > 50%. In A Study to
evaluate The Effect of Rosuvastatin On
Intravascular ultrasound-Derived coronary
atheroma burden (ASTEROID) trial,4 a regres-
sion of atherosclerosis was observed in those
whose LDL-C was reduced to an average of
1.8 mmol/L with 40 mg of rosuvastatin q.d.
The Treat to New Targets (TNT) trial5 com-

pared the impact of 10 mg of atorvastatin (LDL-C
on treatment was 2.6 mmol/L) with 80 mg of
atorvastatin (LDL-C 2.0 mmol/L) in patients
with stable coronary artery disease (CAD).
Compared to subjects receiving the lower dose,
patients receiving 80 mg of atorvastatin had a
22% reduction of the combined endpoint of
death from:
• CHD,
• non-fatal MI,
• resuscitation after cardiac arrest, or
• fatal or non-fatal stroke.
Similar benefits from lower LDL-C with

80 mg of atorvatstatin (LDL-C on treatment was
1.60 mmol/L) compared to 40 mg of pravastatin
(LDL-C on treatment was 2.46 mmol/L) were
observed in patients with recent MI.6 These
studies strongly support the hypothesis that out-
comes are reduced by further lowering LDL-C
beyond previously accepted target levels of
< 2.5 mmol/L (Figure 2). Although pleiotropic
effects of the high dose of statins, independent
from the degree of cholesterol lowering, cannot
be entirely excluded, CV outcomes were related
to the on-treatment LDL-C level irrespective of
the atorvastatin dose in the TNT trial (Figure 3).7

Unfortunately, no clinical trial has randomized

patients to either a higher or lower LDL-C target
to emulate clinical practice guidelines that rec-
ommend treatment to lower targets. Yet, the evi-
dence strongly suggests enhanced benefits from
lowering LDL-C to as low a level as is reason-
ably feasible in patients at high-risk of CV
events.

Dr. Fitchett is a Cardiologist and Director,
Cardiac Intensive Care, St. Michael’s Hospital,
Toronto, Ontario.

Figure 1. Relationship between LDL-C lowering and
reduction of CHD event rates.

Registry surveys have
shown that treatment

goals of < 2.6 mmol/L
are only achieved in 50%
to 60% of high-risk
patients in both Canada
and in the US.
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Does it matter how LDL-C is
reduced?
A meta-regression analysis8 of multiple clinical
trials (five diet, three bile acid sequestrant,
10 statin and one ileal bypass surgery), with
81,859 participants, showed a consistent

one-to-one relationship between LDL-C lower-
ing and CHD and stroke reduction.
Consequently, it appears the major benefit from
statin therapy is achieved by LDL-C lowering and
any pleiotropic effect of statins could only make a
small additional contribution to the reduction of
CV risk. This observation supports the concept
that LDL-C reduction should be achieved by
whatever method is successful, whether by sin-
gle agents or with a combination of drugs.
Critics of this approach have indicated that until
LDL-C reduction (by the applied method) is
shown to reduce hard outcomes in clinical trials,
it should not be used. Yet, physicians have no
problem reducing BP to target levels with what-
ever combination of medications is required,
despite the absence of trials that show benefit
beyond BP lowering with a combination of treat-
ment. Consequently, we should accept that LDL
lowering is important to reduce the large residual
risk of recurrent vascular events in high-risk
patients and attain desired lipid goals by whatever
agent or combination is necessary and not await
clinical trials that will take years to complete.

Current treatment goals

The Canadian Cardiovascular Society position
statement: “Recommendations for the diagnosis
and treatment of dyslipidemia and the preven-
tion of CV disease” has chosen treatment targets
for three levels of risk.9 The goals of treatment
are shown in Table 3.
High-risk patients (those with coronary, cere-

brovascular and peripheral vascular disease and
most patients with diabetes) should be treated
with a statin irrespective of the baseline LDL-C.
In these patients, the Canadian recommended
treatment goal is to reduce LDL-C to
< 2.0 mmol/L. However, if the baseline LDL-C
is close to the treatment goal in high-risk
patients, it is reasonable to reduce the LDL-C by
40% to 50% to a level well below the target.

Figure 2. Relationship between LDL-C level on treatment
(active and placebo) and CV event rates in major
randomized clinical trials for secondary prevention.

Figure 3. CHD event rates related to achieved LDL-C in
the Treat to New Targets trial.
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Support for this suggestion comes from:
a) The REVERSAL trial when regression of
atherosclerosis occurred as LDL-C was
reduced by 50%

b) The Heart Protection Study (HPS)10 when
3500 patients had an initial of LDL-C of
< 2.6 mmol/L. Reducing LDL from
2.5 mmol/L to 1.7 mmol/L had the same
relative risk reduction as observed in patients
with higher initial LDL-C and event rates
were considerably lower in patients that
achieved the lower LDL-C levels11

c) The TNT trial CV disease outcomes were
related to LDL-C on treatment (Figure 3)
For patients without high-risk features it is

recommended that the decision to initiate statin
treatment be determined by:
• the assessed 10 year risk from the
Framingham tables and

• the level of LDL-C.
Patients with multiple features of Metabolic syn-
drome, especially with abdominal obesity, low
HDL-C, hypertension and impaired glucose tol-
erance, are at a higher risk than the Framingham
tables would suggest and should be considered
for statin therapy even in the absence of a high-
risk score. Support for vigorous treatment of
patients with Metabolic syndrome, whether or
not diabetes is present, is shown in a recent
analysis of the TNT trial.12

Failure to achieve lipid targets:
A treatment gap

Registry surveys have shown that treatment
goals of < 2.6 mmol/L are only achieved in 50%
to 60% of high-risk patients in both Canada13,14

and in the US.15 The reasons for failure to
achieve target levels are a consequence of physi-
cian and patient-related factors.
Firstly, an important number of high-risk

patients who should be on statins receive no pre-
scription. A recently published survey from
Ontario16 showed that only 54% of patients receiv-
ing an oral hypoglycemic drug and 35.6% of
patients discharged from hospital with a diagnosis
of MI received a statin. Furthermore, patients
receiving statins are often on low doses and no
attempt is made to either titrate the dose or change

Table 2

Treatment thresholds and goals of statin treatment8

Risk level 10 year risk of Threshold LDL-C Primary goal Secondary goal
death/MI (mmol/L) LDL-C (mmol/L) TC/HDL-C

Low < 10% > 5 < 5 < 6

Intermediate 10% to 20% > 3.5 < 3.5 < 5

High > 20% Treat all high risk* < 2.0 < 4

* High risk: includes all patients with atherosclerotic vascular disease (coronary artery disease, cerebrovascular disease, or
peripheral vascular disease) and most patients with diabetes.

TC Total cholesterol

Only 54% of patients
receiving an oral

hypoglycemic drug and
35.6% of patients
discharged from hospital
with a diagnosis of MI
received a statin.
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it to a more powerful drug to achieve LDL-C levels
below targets. Higher doses of statins are avoided
because of the concerns of adverse effects. When
higher doses are used, LDL-C is not reduced much
more than with the low starting dose due to the rel-
atively flat dose response; only an additional 15% to
20% LDL-C reduction results from increasing
from 10 mg to 80 mg of most statins.17

For patients not at target, despite higher doses
of a more powerful statin, physicians have not
until recently, employed combination therapy
with an agent such as ezetimibe.
Patients with high baseline LDL-C provide a

challenge to achieve target levels. A baseline
LDL-C of > 5 mmol/L requires a powerful com-
bination therapy to achieve a 60% to 70% LDL-
C reduction to a target of 2 mmol/L. Such a
reduction was observed with the combination of
40 mg of rosuvastatin and 10 mg of ezetimibe
q.d. in the EXamination of Potential Lipid-
modifying effects Of Rosuvastatin in combina-
tion with Ezetimibe vs. Rosuvastatin alone
(EXPLORER) trial.18 Perhaps the greatest
patient-related challenge to achieve lipid goals is
to maintain patient adherence to treatment. Only
60% of older patients are still taking a statin
agent one year after the initial prescription.19 In
a recent Ontario study, patients with a poor

adherence to statins (where < 40% of medication
was taken) after a MI had a 25% greater mortal-
ity than those who were highly adherent (> 80%
of medication was taken). Adverse effects of
statins, especially myalgias, whether real or per-
ceived, are an important cause of failed adher-
ence to medications. A recent registry of patients
receiving high doses of statins showed that
10.9% had significant muscle pains attributable
to statins.20 Simvastatin and atorvastatin had the
highest incidence of myalgias (18.2% and
14.9%, respectively), yet pravastatin (10.9%)
and fluvastatin (5.1%) had the lowest incidence
of muscle-related side-effects.

Combination treatment to
achieve LDL-C targets
The use of more than one lipid-lowering agent
may be desirable in some patients to achieve
lipid targets. Reasons for considering combina-
tion therapy include:
• Failure to achieve LDL-C target levels
despite adequate doses of statins

• Adverse effects with high-dose statins or
more powerful statins

• The need to reduce total cholesterol/HDL-C
ratio to target

Table 3

The use of fluvastatin XL 80 mg and ezetimibe 10 mg alone or in combination
in patients intolerant of statins due to muscle related adverse effects

Ezetemibe Fluvastatin XL Fluvastatin XL + ezetimibe

Muscle related side effects 24.2% 17.4% 14.1%

Discontinuation due to MRSE 7.6% 4.3% 3.1%

Mean LDL-C change - 15.6% - 32.8%* - 46.1%*

Mean triglyceride change 6.2% - 12.4%* - 16.9%*

Median change in hs-CRP 0% - 7.9% - 18.6%**

LDL-C < 100 mg/dL 1.5% 33.3% 67.2*

* p < 0.001 ** p < 0.05 MRSE: Methicillin-resistant staphylococcus epidermidis
XL: Slow release hs-CRP: High-sensitivity C-reactive protein
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• The need to reduce non-HDL-C
Agents that have been considered for combi-

nation with statins include:
• bile acid sequestrants,
• ezetimibe,
• fibrates and
• niacin.
Yet, only bile acid sequestrants and the cho-

lesterol absorption inhibitor ezetimibe result in
any important reduction of LDL-C. Bile acid
sequestrants, by reducing the availability of bil-
iary cholesterol for small intestinal reuptake,
result in a modest additional reduction of LDL-C
when added to statin therapy, though they are not
well tolerated. Ezetimibe inhibits the small
bowel Niemann-Pick C1-like-1 protein choles-
terol transporter system that is largely responsi-
ble for the uptake of biliary and dietary choles-
terol,21 without affecting the absorption of
triglycerides or fat-soluble vitamins. There is
increasing evidence that this transporter system
is upregulated when hepatic cholesterol synthe-
sis is reduced (e.g., by statins).22

Thus, the combination of reduced hepatic
cholesterol synthesis and reduced intestinal
reuptake might be expected to increase hepatic
LDL-C receptor density; hence, lower plasma

cholesterol more than could be achieved by
either agent alone. Clinical trials have shown
that the addition of 10 mg of ezetimibe to a statin
provides an additional 18% to 25% reduction of
LDL-C and a substantially greater number of
patients achieving LDL-C treatment goals. This
should translate into greater and more effective
CV risk reduction. However, we await the out-
comes of new data trials to support this hypoth-
esis. Ezetimibe has an excellent safety profile,
either as monotherapy or in combination with
statins or fibrates.
The Ezetimibe Add-on to Statin for

Effectiveness (EASE) trial23 illustrates the use
of ezetimibe in combination with a statin. The
EASE trial included older patients, patients with
diabetes mellitus and the Metabolic syndrome.
Three-thousand and thirty patients were random-
ized to either 10 mg q.d. of ezetimibe q.d. or
placebo in addition to their statin therapy (i.e.,
atorvastatin, fluvastatin, lovastatin, pravastatin
or simvastatin). The addition of ezetimibe to a
statin reduced mean LDL-C levels by 25.8% vs.
2.7% for placebo (p < 0.001). The effectiveness
of ezetimibe was consistent across patient sub-
groups and independent of the statin.
Significantly more patients taking ezetimibe

Table 4

Suggested use of statins and combination therapy with ezetimibe according to
LDL-C levels to achieve the high risk LDL-C target of 2 mmol/L

Statin naive

LDL-C < 3.5 mmol/L Low-dose statin

LDL-C 3.5 mmol/L to 5.0 mmol/L Moderate-dose statin or low-dose statin + 10 mg of ezetimibe

LDL-C > 5.0 mmol/L Moderate-dose statin + 10 mg of ezetimibe

On statin therapy

LDL-C< 3.5 mmol/L Increase statin to 50% maximal dose

If at 50% maximal dose, add 10 mg of ezetimibe q.d.

LDL-C > 3.5 mmol/L Use a more powerful statin (rosuvastatin or atorvastatin)

If at 50% maximal dose, add 10 mg of ezetimibe q.d.
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achieved the National Cholesterol Education
Program Adult Treatment Panel III’s LDL-C
goal compared to placebo (71.0% vs. 20.6%,
p < 0.001).
For patients requiring large reductions of

LDL-C to achieve target, the combination of
ezetimibe and a higher dose of a powerful statin
such as 40 mg of rosuvatatin, will reduce LDL-
C by 70%.

Side-effects

Muscle-related side-effects are more likely to
occur with the use of the more powerful statins.
A recent study showed that most patients with
muscle-related side-effects better tolerated the
less potent fluvastatin.When 10 mg of ezetimibe
q.d. was combined with slow release fluvastatin
(80 mg of fluvastatin extended-release [XL]),
LDL-C was reduced by 46% and 67% of
patients achieved LDL-C targets (Table 4). In
these patients who had previously been intoler-
ant of statins, only 3% had to discontinue med-
ication with fluvastatin XL and ezetimibe
because of an adverse reaction to either agent.

How can we best achieve
LDL-C targets?
Knowledge of the baseline LDL-C provides
useful information about the degree of LDL-C
lowering that will be required to achieve the
desired target. The median baseline LDL-C for
patients with CHD is approximately 3 mmol/L
and only about 20% have LDL-C levels
> 4 mmol/L.24 Consequently, a substantial pro-
portion of patients will achieve the high risk
LDL-C target of < 2.0 mmol/L with the starting
dose of most statins. However, as discussed
above, there is also evidence to support reduc-
ing LDL-C by at least 40%, irrespective of
the baseline level. In patients with a baseline
LDL-C > 4 mmol/L, a more powerful statin
(e.g., atorvastatin or rosuvastatin) or combination

of agents (e.g., statin plus ezetimibe) will be
required to reduce LDL-C to below the target
level. A suggested use of statins and how eze-
timibe might be added is shown in Table 4.
Improving patient adherence to medication

is clearly essential before successful lipid con-
trol is achieved. A Canadian study19 in elderly
patients showed that less than half remained on
statins after one year. Poor adherence to statin
therapy after MI is associated with a 25%
greater first year mortality rate.25

Conclusions

Despite modern preventative treatment the
residual risk for CHD remains unacceptably
high. It has become increasingly clear that to
make an impact on the disease we must treat
global risks, which include:
• lifestyle modification,
• BP and lipid-lowering,
• glycemic control and
• the use of antiplatelet and renin angiotensin
modulating agents.

The benefit of treating to lower targets is
proven for both BP and LDL-C reduction. The
unknown challenge is when to begin treatment.
Currently, guidelines recommend treatment
based on a 10-year risk for coronary heart
events. With recent data, we can now estimate
the lifetime risk for CHD.
It is likely that the greatest impact on the

scourge of CHD could be made by initiating
earlier risk-reduction strategies. For high-risk
individuals, this would include medication, yet
for most people, perhaps lifestyle modification
would suffice. The greatest challenge will be to
encourage adherence to the risk reduction strat-
egy over a lifetime.

For references, please contact cardio@sta.ca
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