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Cardiovascular disease (CVD), a major cause of morbidity and mortality

worldwide, is predicted to result in 20 million deaths by 2015.1–4

Coronary heart disease (CHD) is the most common clinical

manifestation of CVD.5,6 A major, modifiable risk factor for CVD is

hypercholesterolaemia, particularly elevated low-density lipoprotein

cholesterol (LDL-C).7–13 Clinical trials with angiographic end-points

have consistently shown that lowering cholesterol levels slows the

progression of atherosclerotic lesions and reduces end-points such as

myocardial infarction and sudden death.14–16

Various epidemiological studies have correlated the intake of specific

types of fat with plasma cholesterol levels and, consequently, CHD

incidence.17 However, intervention studies have shown that dietary

modification can reduce cholesterol levels only by about 10%.18–20

Accordingly, the management of hypercholesterolaemia is often a

step-wise approach incorporating lifestyle modification with eventual

pharmacotherapy. Several drug classes are available for reducing

plasma cholesterol levels, including early agents such as bile acid

sequestrants, fibrates and nicotinic acid.21 These first-generation

antilipid agents are associated with mild efficacy or poor tolerance as

a result of adverse effects.22 The introduction of the statins

represented a major advance in lipid-lowering therapy.23

The statins inhibit 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)

reductase, which is responsible for mediating the feedback suppression

of cholesterol biosynthesis,24 and have become the mainstay for the

treatment of elevated plasma cholesterol levels because of their efficacy

in reducing LDL-C, as well as their excellent tolerability and safety.23 The

benefits of statin therapy have been established in several landmark

clinical trials and include reduced morbidity and mortality from CHD,

decreased progression of atherosclerosis, regression of atherosclerotic

lesions and decreased coronary artery revascularisation.25–30 This article

will review the current guidelines for cholesterol management and

cardiovascular risk reduction. It will also focus on the treatment gap that

exists between what the guidelines recommend and what is actually seen

in clinical practice, and will discuss the barriers responsible for this gap.

Cholesterol Management and Cardiovascular 

Risk Reduction Guidelines

Professional guidelines have consistently identified LDL-C as the primary

target of lipid-lowering therapy,31 focusing on either primary or secondary

disease prevention strategies (see Tables 1 and 2 and Figures 1 and 2). The

current World Health Organization (WHO), European and American

guidelines also stress the need for appraisal of total CVD risk and

appropriate risk stratification.4,12,32–35 In terms of lipid targets for high-risk

individuals, the Adult Treatment Panel (ATP) III guidelines recommend 

an LDL-C target of <2.6mmol/l (<100mg/dl),33 the WHO recommends an

LDL-C target of <3.0mmol/l in high-risk individuals and LDL-C targets for

high-risk individuals recommended by the Fourth Joint Task Force (JTF4) of

the European Society of Cardiology (ESC) and other societies are

<2.5mmol/l (<100mg/dl), or <2mmol/l if feasible.4,32

Guideline–Clinical Practice Treatment Gap

Despite the availability of several professional guidelines for cholesterol

management and cardiovascular risk reduction, there exists a wide 

gap between what the guidelines recommend and what is actually 

seen in clinical practice.21,36–42 Several studies and surveys have shown 

that many individuals with established CHD,43 those at high risk of CHD43

or those at high risk coupled with diabetes or previously diagnosed

hypercholesterolaemia44 do not achieve target plasma cholesterol (total

cholesterol or LDL-C) levels. For instance, a multicentre survey reported

that only 38% of patients receiving lipid-lowering therapy achieved their

National Cholesterol Education Program (NCEP)-specified LDL-C targets.43

Most people usually require lipid-lowering therapy to reach optimal

cholesterol levels, particularly those with established CVD or individuals at

high risk of this disease.35 However, published data from 12 studies

(n=68,446) indicated that only 35% (range 6–62%) of patients with

established CHD received therapy with a lipid-lowering agent.45–56

Additional data are available in the Reduction of Atherothrombosis for

Continued Health (REACH) Registry, which has collected data on

atherosclerosis risk factors and treatment from >68,000 outpatients 45

years of age or older with either established atherothrombotic disease or

≥3 risk factors for atherothromobosis. The registry confirmed that

patients were generally undertreated with statins: only 69.4% of all

patients were prescribed statins, including 56.4% for coronary artery

disease, 67.2% for cerebrovascular disease, 64.2% for peripheral arterial

disease and 71.6% for ≥3 risk factors. Furthermore, only a minority of

patients were found to achieve the target goals for cholesterol.39

The European Action on Secondary Prevention through Intervention to

Reduce Events (EUROASPIRE) surveys set out to determine the extent to

which the European JTF4 recommendations on risk factor documentation

and management in patients with established CHD were being

incorporated into clinical practice.57,58 EUROASPIRE I (1995–1996) and II
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(1999–2000) showed that many patients with dyslipidaemia and either

established CHD or high risk of CHD were not treated to their LDL-C goal,

which suggested that guidelines were being poorly implemented.57,58

Researchers from EUROASPIRE II reported that 58.3% of patients did not

reach the total cholesterol goal of <5.0mmol/l despite the fact that

60.6% of patients were being treated with statins.58,59 Recently, the

EUROASPIRE III survey (2006–2007) showed that lipid control was

completely inadequate, with most patients not achieving the targets

defined in the European guidelines.60 EUROASPIRE III also showed that

79% of the patients had total cholesterol ≥4.5mmol/l, which exceeded

the recommended European targets.61 Furthermore, the high-risk

individuals in primary prevention programmes were not being managed

effectively, with too few of these patients following the European

guidelines and more than 80% never having received any advice or

direction about the importance of following a heart-healthy lifestyle

programme.60 EUROASPIRE III also showed that statins were

underprescribed.60 Other recent surveys have investigated the extent to

which the ATPIII62 and European guidelines (based on recommendations

by JTF3)63 were incorporated into clinical practice. These surveys have

shown that the treatment gap still exists, despite the continuing

improvement in guidelines, with many patients not reaching target

cholesterol levels.

Barriers to Goal Attainment

The treatment gap may be due to the presence of certain barriers to goal

attainment. These barriers can be vaguely divided into three categories:

physician-related, patient-related and healthcare-system-related.

Physician-related Barriers

The Reassessing European Attitudes about Cardiovascular Treatment

(REACT) survey identified numerous physician-related barriers,64

including lack of time, prescribing costs, too many guidelines, lack of

guideline awareness and lack of physician motivation. Lack of time could

result in physicians not properly informing their patients about their

treatment regimen, leading to patient non-compliance due to improper

understanding of their therapy.65 The cost of pharmacotherapy may also

be a barrier; however, the effect of this factor on clinical practice has not

been well documented.66,67

Although physicians have knowledge of hypercholesterolaemia and its

link to CHD, they are not suitably motivated to implement correct

treatment.65 This requires a change in behavioural practice and also new

policies from health services to ensure better physician understanding

and implementation of the guidelines; for example, a payment-by-results

scheme could give physicians the incentive to implement more wide-

ranging treatment regimens. 

Another strategy to improve guideline implementation is to use powerful

information technology (IT) systems that encompass up-to-date medical

knowledge and the medical history of patients.68,69 With some systems,

the physicians can actually input and access the information in

realtime.69,70 In this manner, the knowledge management system can

automatically check the physician’s decision (order of a medicine or

laboratory test) against a large clinical database, as well as the patient’s

own medical record, and make queries or recommendations.69,70 Thus,

this system helps the physician to provide treatment tailored to the

patient and also considers all of the patient’s health needs at the same

time.69 Health IT and knowledge management systems have been shown

to be a valuable tool for physicians in improving the quality of both their

decision-making and the health of their patients.69,71–73 However, the

main barrier to thorough implementation of these systems is their cost.

While hospitals can afford expensive IT systems and infrastructure, there

are few cost-effective options for small clinics.

Patient-related Barriers

Patient non-compliance has frequently been reported to be a barrier to

goal attainment in cholesterol management.35,64,74–76 Non-compliance

to pharmacotherapy can result in higher LDL-C levels, an increased rate

of coronary events and poor quality of life.75 Poor patient compliance is

a contributing factor to failure to reach goal LDL-C levels, even in

patients receiving the most effective of the current therapies for

lowering LDL-C.77 It seems that despite the improvement in cholesterol

management and risk reduction guidelines, drug non-compliance is still

a major barrier to goal attainment.76

Non-compliance could itself be due to a variety of barriers, such as

adverse drug effects.35 Overcoming these barriers could help increase

patient compliance and, in turn, improve goal attainment. Although the

currently available statins are generally safe, discontinuation rates of 30%

after six months have been reported.78 This emphasises the need for even

better and safer statins, or modification of existing drugs.21

The Global Opinions and Awareness of Cholesterol (GOAL) survey

assessed the European public’s perception of cardiovascular risk.65 The

majority of participants had only a vague idea about cholesterol’s role in

Table 1: World Health Organization Guidelines for 
Primary Prevention 

All individuals with total cholesterol ≥8mmol/l (≥320mg/dl) should be advised to follow a

lipid-lowering diet and given a statin to lower the risk of cardiovascular disease.

All other individuals need to be managed according to their cardiovascular risk, as

follows: 10-year risk of cardiovascular event <10%, 10–<20%, 20–<30% or ≥30%:

•  Risk <10% Should be advised to follow a lipid-lowering diet.

•  Risk 10–<20% Should be advised to follow a lipid-lowering diet.

•  Risk 20–<30% Adults >40 years of age with persistently high serum 

cholesterol (>5.0mmol/l) and/or LDL cholesterol >3.0mmol/l, 

despite a lipid-lowering diet, should be given a statin.

•  Risk ≥30% Individuals in this risk category should be advised to follow a

lipid-lowering diet and given a statin. Serum cholesterol should

be reduced to <5.0mmol/l (LDL cholesterol to <3.0mmol/l) or

by 25% (30% for LDL cholesterol), whichever is greater.

LDL = low-density lipoprotein.
Adapted from WHO, 2007.4

Table 2: World Health Organization Guidelines for 
Secondary Prevention

Treatment with statins is recommended for all patients with established CHD.

Treatment should be continued in the long term, and probably lifelong. Patients at high

baseline risk are particularly likely to benefit.

Treatment with a statin should be considered for all patients with established CVD,

especially if they also have evidence of established CHD.

Monitoring of blood cholesterol levels is not mandatory. Total cholesterol <4.0mmol/l

(<152mg/dl) and LDL cholesterol <2.0mmol/l (<77mg/dl), or a reduction of 25% in total

cholesterol and 30% in LDL cholesterol, whichever achieves the lower absolute risk level,

may be desirable goals.

Other lipid-lowering agents are not recommended, either as an alternative to statins or in

addition to them.

CHD = coronary heart disease; CVD = cardiovascular disease; LDL = low-density lipoprotein.
Adapted from WHO, 2007.4
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CHD, with 40% of the responders being unaware of the link between

cholesterol and CHD.65 These results indicate that the general

population has a poor understanding of hypercholesterolaemia and its

link to CHD. The survey also indicated that many patients were unaware

of their own cholesterol levels, suggesting that physicians may not have

adequately discussed therapy with their patients.65 This lack of

knowledge may also be linked to a lack of patient motivation and,

consequently, non-compliance.

A stronger physician–patient partnership, with more detailed explanation

of the disease and its treatment and more follow-ups for high-risk

patients, will improve patient motivation and compliance.79 However,

doctors have little spare time; therefore, more responsibility falls on nurses

in terms of thoroughly discussing and monitoring the treatment regimen

and the importance of risk factor modification and prevention.79,80 This

would improve patient understanding of the therapy, knowledge of

hypercholesterolaemia and its link to CHD and patient motivation,

consequently leading to increased patient compliance and better

treatment outcome.80 The need for nurse assistance has been

demonstrated by the Randomized Trial of Telephonic Intervention in

Chronic Heart Failure (DIAL).81 This trial investigated whether nurse-

assisted treatment reduced the rate of death or admission for worsening

heart failure in outpatients with chronic heart failure. This included

education, counselling and monitoring by nurses through frequent

telephone follow-up in addition to usual care. The results showed that

patients in the usual care group were more likely to be admitted for

worsening heart failure or to die than those who received the telephone

intervention (p=0.026). The intervention group also had a better quality of

life than the usual care group (p=0.001). According to the investigators,

these results may be partly explained by improved patient compliance with

diet and drug treatment regimens in the intervention group.81

Health-system-related and Other Barriers

Patients at high risk of or with established CHD eventually require statin

therapy. Older general population surveys indicated that lipid-lowering

therapy was underused, which could account for the barrier to goal

attainment for hypercholesterolaemia.25,55,82 Data from EUROASPIRE II also

indicated that inadequate dose titration of the statins may be a barrier.58,59

This is because most patients who failed to achieve target lipid goals 

were on low-dose statin therapy, were not at goal and, seemingly, were

maintained on that same low dose.58,59 The lack of variation in therapy,

especially with statins, could be easily overcome if conventional

pharmacotherapy were correctly implemented.58,59 This has been shown

by Catapano et al., who illustrated that appropriate titration of

rosuvastatin and of the new combination drug ezetimibe–simvastatin

resulted in many patients achieving ATPIII LDL-C goals.83 Ezetimibe, a

cholesterol-absorption inhibitor, has a different mechanism of action from

statins.84,85 Catapano et al. showed that escalating doses of combination

ezetimibe–simvastatin (10/20mg, 10/40mg, 10/80mg) resulted in ATP III

LDL-C goal achievement in 94.7, 95.8 and 97.5% of patients, respectively,

with 95.9% of patients achieving goal on all doses of ezetimibe–

simvastatin.83 LDL-C goal attainment with escalating doses of rosuvastatin

was similar.83 Thus, a strategy to overcome the barrier of statin underuse

might be to use more aggressive statin therapy at initial dosing to get

patients to goal.86 A combination of ezetimibe and simvastatin is currently

being evaluated in the Improved Reduction of Outcomes: Vytorin Efficacy

International Trial (IMPROVE-IT) study to determine whether large LDL-C

lowering effect has any clinical benefit.87

Figure 1: Fourth Joint Task Force Guidelines for Cholesterol
Management and Risk Reduction

Treatment goals are not defined for high-density lipoprotein cholesterol (HDL-C) and
triglycerides, but HDL-C <1.0mmol/l (<40mg/dl) for men and <1.2mmol/l (<45mg/dl) for
women and fasting triglyceride of 1.7mmol/l (150mg/dl) are markers of increased
cardiovascular risk. CVD = cardiovascular disease; LDL-C = low-density lipoprotein cholesterol;
TC = total cholesterol.
*Type 2 diabetes or type 1 diabetes with microalbuminuria.
Source: Graham et al., 2007.32
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Figure 2: Adult Treatment Panel III Guidelines for 
Cholesterol Management

Goals for low-density lipoprotein cholesterol (LDL-C) levels based on risk category. 
*Other risk factors to consider (although they do not affect target LDL-C goals) include
obesity, sedentary lifestyle, atherogenic diet, impaired fasting glucose level and subclinical
atherosclerotic disease. 
†Consider drug therapy if LDL-C is 160–189mg/l (4.15–4.89mmol/l) and the patient has a
single severe risk factor (e.g. heavy smoking, poorly controlled hypertension), multiple
lifestyle risk factors or, if measured, a 10-year risk nearing 10%. 
CHD = coronary heart disease; HDL = high-density lipoprotein.
Source: ATPIII, 2001.33
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The insufficient LDL-C lowering effect of some existing statins, even at

their most commonly prescribed doses, has been indicated to be a barrier

to LDL-C goal attainment.43,88–90 Several studies suggest that more

aggressive LDL-C reduction to levels below those recommended in

treatment guidelines might provide additional benefit in treatment of

CVD.91–93 The Heart Protection Study, involving more than 20,000 high-

risk patients, demonstrated clinical benefit from treatment with

simvastatin at a dose of 40mg/dl irrespective of baseline cholesterol level,

even in patients whose LDL-C was below 100mg/dl.21,94 Gaw suggests

that drugs that could achieve greater LDL-C reduction would most likely

prove to be of considerable usefulness in the primary care setting.88

Inadequate screening of patients for cardiovascular risk may be yet

another barrier.35 The implementation of screening strategies for

hypercholesterolaemia is suboptimal, and improvements are particularly

needed for patients at the greatest risk of CHD events.35 To overcome

such obstacles, the guidelines should focus even more on screening

strategies, and health services should draw up policies to ensure the

implementation of these strategies.

To overcome the numerous barriers to cholesterol goal attainment, 

policy-makers, healthcare provides and patients all have roles to play in

maximising adherence to preventative interventions and reducing the

burden of CVD.95 Robust research is needed to examine the reasons for the

poor adherence to cholesterol management and risk reduction guidelines

and, hence, the measures that should be taken to address the situation.96

Conclusions

Hypercholesterolaemia, particularly elevated LDL-C, is well-established as

a major, modifiable risk factor for CHD. Current cholesterol management

and CHD risk reduction guidelines target elevated LDL-C levels. The

treatment regime is dictated by the severity of disease and usually

involves lifestyle modifications, with lipid-lowering drugs eventually

required by most patients. The lipid-lowering statins are the mainstay of

treatment and can significantly lower LDL-C levels. However, statin

monotherapy may be insufficient in some high-risk patients. A number of

new agents acting on targets other than LDL-C are currently under

investigation. Such targets include non-high-density lipoprotein

cholesterol, high-sensitivity C-reactive protein and apolipoprotein B.

Combination therapy with these other agents may provide an alternative

to achieve optimal therapeutic approach.

Despite the availability of these guidelines, there exists a wide treatment

gap between what the guidelines recommend and what is seen in clinical

practice because of barriers to goal attainment. The barriers can be

classified as physician-, patient- and health-service-related. Physician-

related barriers include lack of time, motivation and awareness of

guidelines, while patient-related barriers include lack of compliance,

motivation and knowledge. Health-service-related barriers include

inadequate screening and dose titration of statins. To overcome these

barriers, policy-makers, healthcare providers and patients all have roles to

play in maximising adherence to preventative interventions and reducing

the burden of CVD. ■
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