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For over 50 years, scientific evidence has grown 
that low-density lipoproteins (LDL) are a strong 
risk factor for atherosclerotic coronary heart dis-
ease (CHD). The relation between LDL levels 
and CHD risk is bidirectional and log-linear [1]. 
Bidirectional means that increasing LDL raises 
risk for CHD, whereas decreasing levels reduces 
risk. Log-linear means that progressively lower 
levels are accompanied by diminishing absolute 
risk reduction. That higher LDL levels increase 
atherosclerosis or CHD has been shown in labo-
ratory animals, in patients with familial hyper-
cholesterolemia, and in populations with higher 
LDL levels [1]. Over the past 30 years, random-
ized controlled trials (RCTs) with pre-statin and 
statin drugs have demonstrated that lowering of 
LDL levels reduces CHD [1, 2]. More recently, 
genetic epidemiology has shown and confirmed 
that a lifetime of low LDL levels, second-
ary to pro-protein convertase subtilisin kexin 9 
(PCSK-9) null or loss-of-function mutations, 
essentially eliminates CHD [3].

Without doubt, the strongest evidence for the 
relation between LDL and CHD comes from 
statin RCTs. A substantial number of major statin 
trials have shown a progressively lower risk for 
CHD events as LDL levels fall [1]. These trials 
reveal two things. First, the lower the LDL level, 
the lower is the risk for CHD; and second, statins 

are highly efficacious for reducing LDL levels 
and CHD risk. These RCTs have generated some 
debate. For example, one view holds that pre-
vention guidelines should be constructed around 
LDL goals [1]; another view contends that guide-
lines should be defined exclusively in terms of 
statin therapy [4]. These two views can be con-
sidered and contrasted in this chapter. Guidelines 
previously divided preventive strategies into sec-
ondary prevention and primary prevention. This 
still appears to be a good strategy. This will be the 
approach taken in this chapter.

Secondary Prevention

Secondary prevention targets patients with ex-
isting or manifest atherosclerotic cardiovascu-
lar disease (ASCVD). Included in this category 
are individuals with CHD, previous thrombotic 
stroke, peripheral arterial disease (PAD), aortic 
aneurysm, and other atherosclerotic diseases. 
Such persons are at high risk for recurrent vascu-
lar events. Once a person manifests vascular dis-
ease in one arterial bed, there is a high likelihood 
for events in other beds. For example, patients 
with PAD are at high risk for developing CHD.

Clinical Trial Evidence in Secondary 
Prevention

A large number of clinical trials have document-
ed that cholesterol-lowering therapy will reduce 
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risk for ASCVD in patients with established ath-
erosclerotic disease [1, 2]. In the pre-statin era, 
meta-analysis of trials with cholesterol-lowering 
drugs showed a significant reduction in CHD 
events [5]. After the introduction of statins, a 
host of studies documented significant risk re-
duction [6–21]. These trials have convinced the 
medical community that cholesterol lowering is 
beneficial for patients with established ASCVD. 
They further show that statin therapy can reduce 
risk for future atherosclerotic events by 30–50 %. 
Today, use of statins in secondary prevention has 
become routine.

LDL-C Goals

The US National Cholesterol Education Program 
(NCEP) has championed the LDL-centered ap-
proach to ASCVD reduction. The NCEP Adult 
Treatment Panel III [1] set an LDL-C goal of 
< 100 mg/dL for patients with ASCVD; later, 
ATP III recommended an LDL-C of < 70 mg/dL 
for ASCVD patients at very high risk for future 
cardiovascular events [2]. The latter included 
those ASCVD patients with diabetes, metabolic 
syndrome, or multiple risk factors. Recently, 
the American Heart Association (AHA) and the 
American College of Cardiology (ACC) made a 
similar recommendation for secondary preven-
tion [22]. Other organizations, i.e., European 
[23] and Canadian [24] guidelines, recommend 
LDL-C goals of < 1.8 mmol/L (< 70 mg/dL) or 
< 2.0 mmol/L (< 77 mg/dL), respectively, for 
those with established CHD.

Justification for these lower goals comes from 
several statin trials (or subgroup analyses of these 
trials). In these trials, very low levels of LDL-C 
were achieved and showed incremental benefit 
at these levels compared to higher on-treatment 
levels [15, 19–25]. Perhaps the best example to 
support the notion that “the lower, the better” for 
LDL-C comes from a recent meta-analysis that 
includes 38,153 patients allocated to statin thera-
py; in this analysis, a total of 6286 major cardio-
vascular events occurred in 5387 study partici-
pants during follow-up [26]. Key results of this 
study are shown in Table 18.1. In this analysis, 
compared to subjects who achieved an LDL-C 
> 175 mg/dL, those who reached an LDL-C 75–
100 mg/dL, 50–75 mg/dL, and < 50 mg/dL had 
adjusted hazard ratios for major cardiovascular 
events of 0.56, 0.51, and 0.44, respectively.

Thus, regarding goals for LDL therapy, it is 
reasonable to achieve as low an LDL as possible 
within the bounds of realistic clinical practice. 
In the meta-analysis described above, 40 % of 
subjects given high-dose statins did not reach an 
LDL-C target < 70 mg/dL. For those who do not 
achieve very low LDL-C levels, clinical judg-
ment is required whether to add a second LDL-
lowering drug.

Other Lipid Targets

Although LDL-C is generally recognized as the 
primary target of lipid-lowering therapy, other 
lipid measures have been identified as contribut-
ing to ASCVD risk. For example, there is a grow-
ing recognition that very low-density lipoproteins 

On-treatment 
LDL-cholesterol

LDL-cholesterol 
category

Adjusted hazard ratios 
for major cardiovascu-
lar events

Adjusted hazard 
ratios for major 
coronary events

< 50 mg/dL Extremely low 0.44 0.47
50–74 mg/dL Very low 0.51 0.53
75–99 mg/dL Low 0.56 0.58
100–124 mg/dL Borderline low 0.58 0.62
125–149 mg/dL Borderline high 0.64 0.67
150–174 mg/dL High 0.87 0.78
> 175 mg/dL Very high 1.00 1.00

LDL-C low-density lipoprotein cholesterol

Table 18.1  Hazard ratios 
(HR) for major cardio-
vascular events and major 
coronary events in meta-
analysis of statin trials
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(VLDL) are atherogenic like LDL. This has led 
to the suggestion that the cholesterol contained in 
LDL + VLDL, i.e., non-high-density lipoprotein 
cholesterol (non-HDL-C), may be a better target 
of lipid-lowering therapy than LDL-C alone [1, 
25, 27]. At the least, non-HDL-C is equivalent to 
low-density lipoprotein cholesterol (LDL-C) as a 
target of treatment; and in the view of many, it is 
the preferred target. If non-HDL-C is made the 
primary target, the goal for patients with ASCVD 
would be a level of < 100 mg/dL [1].

Another view favors apolipoprotein B (apo 
B) as the primary target of treatment in second-
ary prevention [28, 29]. All atherogenic lipopro-
teins contain one apo B molecule per lipoprotein 
particle. Some authors contend that serum apo 
B levels are a better indicator of atherogenicity 
than non-HDL-C [29–32]. The usual method for 
measuring apo B is immunological; this method 
has limitations and universal standardization has 
not been achieved [33, 34]. Measurement of apo 
B moreover costs more than does estimation of 
non-HDL-C. Finally, there is the question of 
what is the appropriate goal of therapy for apo B 
in secondary prevention. This question has been 
discussed thoroughly by Harper and Jacobson 
[35] and by Brunzell et al. [31]. A consensus goal 
for total apo B has not been reached. Until agree-
ment can be reached on what is the appropriate 
apo B goal for secondary prevention, it is diffi-
cult to produce a solid clinical recommendation. 
Standardization and costs are added limitations. 
Of course, all of these limitations potentially 
could be overcome. But even so, whether apo B 
is more desirable than non-HDL-C as a target in 
secondary prevention is doubtful [36].

Secondary Prevention Without Specific 
Lipid-Lowering Goals

Most RCTs in secondary prevention have been 
carried out with statin therapy. Recently, the 
ACC/AHA [4] released a new set of treatment 
guidelines in which no LDL-C goals were iden-
tified. Instead, these guidelines recommended 
that high-intensity statins be used in all patients 
with established ASCVD. High-intensity statins 

include atorvastatin 80 mg and rosuvastatin 
20–40 mg. They claim that RCT evidence for 
other cholesterol-lowering drugs is too weak to 
justify any recommendations. They declined to 
support any particular goal for LDL-C.

ACC/AHA guidelines [4] discount the value 
of other lipid-lowering drugs because their effi-
cacy in large-scale RCT have not been adequate-
ly demonstrated. Thus, the new guidelines are 
essentially statin-treatment guidelines. They con-
sider LDL to be only a risk marker but without 
RCT-proven atherogenic potential. Therefore, 
these guidelines negate any value to other cho-
lesterol-lowering agents based on their ability to 
lower LDL alone. This view of course runs coun-
ter to the basic premise of 25 years of the NCEP, 
which holds that any form of LDL reduction will 
reduce risk.

Combination Drug Therapy in 
Secondary Prevention

According to ATP III [1], but contrary to ACC/
AHA guidelines [4], two drugs are available to 
add to high-intensity statin to increase the pro-
portion of patients who can achieve an LDL-C 
< 70 mg/dL. These are bile-acid-binding resins 
and ezetimibe. Bile-acid-binding resins have 
been shown to reduce ASCVD in patients with 
hypercholesterolemia [37]. They reduce the ab-
sorption of bile acids by the intestine. This de-
creases return of bile acids to the liver, which 
releases feedback inhibition of bile acids on 
conversion of cholesterol into bile acids. The re-
sult is a reduction of hepatic cholesterol, which 
increases the activity of LDL receptors. By this 
mechanism, bile acid resins lower LDL-C levels 
by 15–25 %. Ezetimibe partially blocks the ab-
sorption of cholesterol, reduces the return of cho-
lesterol to the liver, lowers hepatic cholesterol, 
and increases LDL receptors. This action also 
lowers LDL-C levels by 15–25 % [38]. The ad-
dition of bile-acid-binding resins or ezetimibe to 
statins enhances LDL-C reduction. For example, 
adding colesevelam, a bile acid resin, to atorvas-
tatin 10 mg lowers LDL-C similarly to atorvas-
tatin 80 mg [39]. Likewise, combining ezetimibe 
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plus atorvastatin 40 mg lowered LDL-C more 
than atorvastatin 80 mg [40]. In the latter study, 
only 32 % of patients treated with atorvastatin 
80 mg attained an LDL-C level of < 70 mg/dL, 
whereas 74 % of those treated with atorvastatin 
40 mg + ezetimibe 10 mg achieved an LDL-C 
< 70 mg/dL.

Although adding colesevelam or ezetimibe to 
atorvastatin 80 mg undoubtedly would increase 
the proportion of subjects who would attain an 
LDL-C < 70 mg/dL, whether such a combination 
will reduce risk for ASCVD events has not been 
tested in RCTs. A very large clinical trial would 
be necessary to test the efficacy of these add-on 
drugs because: (a) the addition in LDL lowering 
is relatively small, and (b) the risk would already 
be reduced substantially by high-dose statin. To 
address these issues, one RCT is currently under-
way to test the efficacy of ezetimibe as add-on 
to statin therapy. The IMProved Reduction of 
Outcomes: Vytorin Efficacy International Trial 
(IMPROVE-IT) is a multicenter RCT designed 
to test whether the addition of ezetimibe to statin 
therapy, using ezetimibe/simvastatin, will pro-
duce increased clinical benefit on cardiovascular 
outcomes relative to simvastatin monotherapy 
in patients with acute coronary syndrome [41]. 
The trial was designed to recruit up to 18,000 
patients, stabilized after an acute coronary syn-
drome. They were randomized in a 1:1 ratio to 
once-daily doses of either ezetimibe/simvastatin 
10/40 mg or simvastatin monotherapy 40 mg or 
80 mg. The primary end point is the first occur-
rence of an ASCVD event. The IMPROVE-IT 
investigators estimate a requirement for 5250 
events to maintain a desired 90 % power to detect 
the expected reduction in cardiovascular events, 
the expected decrease in LDL-C levels, and the 
anticipated rate of loss of subjects to follow-up.

The IMPROVE-IT trial has now been com-
pleted. The results have not been published but 
were presented at the 2014 American Heart As-
sociation Scientific Sessions. Detailed findings 
of IMPROVE-IT are available on-line (clinical-
trialresults.org/Slides/AHA2014/Cannon).  The 
results of this study can be briefly summarized. 

It is the first large RCT to show incremental 
clinical benefit when adding a non-statin agent 
(ezetimibe) to statin therapy.  It demonstrated that 
“even lower is better”, that is, incremental reduc-
tion in ASCVD when mean LDL-C on statins (70 
mg/dL) was reduced to 53 mg/dL.  There were 
no adverse effects when ezetimibe was added to 
a statin.  The authors claim that this study reaf-
firms the LDL hypothesis justifying combined 
lipid lowering drugs in secondary prevention.

Another lipid-lowering drug, nicotinic acid, 
has been shown to reduce ASCVD events in 
monotherapy [42, 43]. Nicotinic acid, when 
combined with statins, apparently retards pro-
gression of subclinical atherosclerosis [44, 45]. 
Whether nicotinic acid as an add-on to maximal 
statin therapy reduces risk for ASCVD events 
beyond statin therapy alone had not been ad-
equately tested until recently. In 2011, nicotinic 
acid combined with maximal statin therapy in 
a smaller RCT failed to give added risk reduc-
tion in secondary prevention [46]. A larger trial 
of combination therapy therefore was needed to 
test whether nicotinic acid provides incremental 
benefit. Such a trial (http://clinicaltrials.gov/ct2/
show/NCT00461630) has recently been complet-
ed; this trial assessed the effects extended-release 
niacin/laropiprant versus matching placebo on 
ASCVD events in 25,000 men and women with 
existing ASCVD and who were taking high-dose 
statin. A recent statement from the investigators 
indicates that this study failed to document bene-
fit from niacin add-on to statin therapy. However, 
results of the trial have not been published.

The demand that only RCTs can be used to 
make lipid-lowering guidelines limits the poten-
tial for add-on drugs to give additional risk reduc-
tion beyond the use of high-dose statin in second-
ary prevention. However, if the IMPROVE-IT 
trial is positive, this would open the door to use 
of non-statin drugs. If not, it is doubtful whether 
new RCTs will be done with either bile acid res-
ins or ezetimibe. The costs are too high. Trials 
with more potent lipid-lowering drugs nonethe-
less may be tested as add-on therapy. Several of 
these latter drugs can be considered.
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LDL-Lowering Therapies Under 
Development

Microsomal triglyceride transfer protein (MTP) 
inhibitors block the incorporation of triglyceride 
into VLDL and reduce the secretion of these lipo-
proteins. VLDL are precursors of LDL. Reduc-
ing hepatic input of VLDL thereby reduces LDL 
levels. Available MTP inhibitor, Lomitapide, 
reduces LDL-C levels by approximately 50 % 
[47]. The combination of an MTP inhibitor with 
a statin markedly reduces LDL levels. Unfortu-
nately, blockage of transfer of triglyceride into 
VLDL causes triglyceride retention in liver. The 
resulting fatty liver stands in the way of routine 
use of MTP inhibitors. But in patients with severe 
hypercholesterolemia, who are resistant to other 
lipid-lowering drugs, MTP inhibitors may be ac-
ceptable. Even so, they must be monitored care-
fully for liver dysfunction.

Another class of drugs that will substantially 
lower LDL-C levels are antisense oligonucle-
otides. These agents target apo B synthesis. The 
currently available agent is named Mipomersen. 
One recent study tested Mipomersen as an add-
on drug to maximally tolerated statins in patients 
with heterozygous familial hypercholesterol-
emia. This product reduced LDL-C levels by 
an additional 26 % [48]. Like MTP inhibitors, 
blockage of apo B synthesis potentially causes 
fatty liver. In this recent study [48], Mipomersen 
increased liver fat content by 5 %. An increase 
in alanine aminotransferase values ≥ 3 times the 
upper limit of normal also was observed in 6 % 
of subjects. To date, there are only a few reported 
studies with the oligonucleotide; more studies 
will be required to determine whether this ap-
proach is safe and practical.

Another potential class of add-on drugs in-
cludes cholesterol-ester transfer protein (CETP) 
inhibitors. Inhibition of CETP retards transfer of 
cholesterol ester from HDL to VLDL and LDL. 
This increases HDL-C and lowers LDL-C. The 
first drug in this class was torcetrapib [49]. In a 
large RCT of 15,067 patients at high cardiovas-
cular risk, participants received either torcetra-
pib plus atorvastatin or atorvastatin alone. The 

primary outcome was a composite of ASCVD 
events. Compared to atorvastatin alone, there 
was an increase of 72.1 % in HDL-C and a 24.9 % 
decrease in LDL-C. Unfortunately, torcetrapib 
treatment caused more ASCVD events and total 
deaths. Because of these side effects, the trial was 
terminated early. Despite this termination, testing 
of other CETP inhibitors has continued.

The second CETP inhibitor to be tested was 
dalcetrapib. This RCT recruited 15,871 with 
acute coronary syndromes and randomized 
them to dalcetrapib 600 mg or the best avail-
able evidence-based care. The primary end point 
was composite ASCVD [50]. During the trial, 
HDL-C levels in the dalcetrapib group increased 
by 31–40 %, whereas LDL-C were essentially 
unchanged. After a median of 31 months, 1135 
primary end points were achieved (71 % of the 
projected total number). At this analysis, an inde-
pendent data and safety monitoring board recom-
mended ending the study for futility. There may 
be several explanations for the failure to attain a 
reduction in events. First, dalcetrapib was a rela-
tively weak CETP inhibitor and failed to reduce 
LDL-C levels. Alternatively, a rise in HDL-C by 
CETP inhibition may not be antiatherogenic.

To test whether a more efficacious CETP 
inhibitor will be effective, a 1623-patient, a 
phase II trial with anaceptrapib was carried out 
in patients treated with statins [51]. This study 
showed that anaceptrapib reduced LDL-C by an 
additional 40 % and raised HDL-C by 138 %. To 
date, anaceptrapib has shown no significant side 
effects, and a large RCT has been initiated to de-
termine its safety and efficacy as an add-on drug 
to maximal statin therapy.

Another class of LDL-lowering agents con-
sists of the PCSK9 inhibitors. PCSK9 is a serum 
protein that blocks the ability of LDL receptors 
to remove LDL from the circulation. Apparently, 
PCSK9 reduces LDL receptor levels by binding 
and targeting the receptor for lysosomal degra-
dation [52, 53]. Persons who have a mutation in 
PCSK9 that prevents the interaction of the protein 
with LDL receptors have a high expression of re-
ceptors and low serum levels of LDL throughout 
life. These persons appear to be protected against 
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CHD [5, 54, 55]. Recently, the pharmaceuti-
cal industry has developed antibodies against 
PCSK9 that block its action on LDL receptors 
and lower LDL levels [56, 57]. The addition 
of PCSK9 inhibitors to statin therapy enhances 
LDL lowering. Although these agents are prom-
ising for achieving and exceeding an LDL-C goal 
of < 70 mg/dl, their efficacy and safety must be 
demonstrated in clinical trials.

Lifestyle Therapy in Secondary 
Prevention

Although in the secondary prevention arena em-
phasis has been on lipid-lowering drugs, nonethe-
less, the potential benefit of therapeutic lifestyle 
changes should not be overlooked. Lifestyle ther-
apies have two major goals: (a) to reduce LDL-C 
levels and (b) to reduce the metabolic syndrome 
[1]. The first can be achieved largely by reduc-
ing intakes of saturated fats, trans fats, and di-
etary cholesterol. The second is best approached 
through both weight reduction and increased 
physical activity. All patients with established 
ASCVD should be educated and encouraged to 
adopt effective lifestyle therapies.

Treatment of Hypertriglyceridemia in 
Secondary Prevention

For patients who remain hypertriglyceridemic 
on statin therapy, fibrates can be considered as a 
second drug [58]. RCTs have reported reductions 
in ASCVD in primary and secondary preven-
tion with fibrates; a meta-analysis of these trials 
found that fibrates lower risk by approximately 
10 % [59]. Moreover, meta-analysis in patients 
with hypertriglyceridemia has shown even great-
er reductions in risk [60]. The safest fibrate to be 
used with statins appears to be fenofibrate, which 
is largely devoid of myopathy risk [61].

In summary, the strongest evidence of ben-
efit for risk reduction in secondary prevention 
trials has been obtained with RCTs using high-
intensity statins (e.g., atorvastatin 80 mg). RCTs 

and subgroup analysis support reducing LDL-C 
to very low levels (60–75 mg/dL). However, the 
majority of subjects treated with high-intensity 
statins fail to achieve these levels. For this rea-
son, consideration can be given to use of an add-
on drug to maximal statin therapy to achieve this 
lower goal. Drugs currently available to obtain 
very low levels of LDL-C are bile-acid-binding 
resins and ezetimibe. Whether the addition of 
these drugs to maximal statin therapy will fur-
ther reduce risk for ASCVD has not been tested, 
although one RCT in which ezetimibe is added 
to maximal statin dose is underway. Two recent 
clinical trials using niacin as add-on therapy to 
maximal statin therapy failed to document added 
benefit. Fenofibrate can be considered as a sec-
ond drug in patients with hypertriglyceridemia. 
Newer drugs are currently undergoing testing 
to determine whether they may have some po-
tential as add-on drugs to achieve very low LDL 
levels. These include CETP inhibitors, PCSK9 
inhibitors, apo B synthesis inhibitors, and MTP 
inhibitors. Only when these trials are complete 
will it be known whether they are incrementally 
beneficial.

Primary Prevention

Because of the efficacy of statin therapy in sec-
ondary prevention trials, many investigators be-
lieve that this same drug-treatment strategy can 
be extended to primary prevention. Since statins 
are powerful LDL-lowering drugs and are rela-
tively safe, why not just treat large segments of 
the population with statins before they develop 
ASCVD? In fact, recent ACC/AHA guidelines 
[4] have moved in this direction. They have 
done this in two ways: (a) by lowering the risk 
threshold for starting statins, and (b) by ignor-
ing baseline LDL-C levels for statin initiation. 
Through these changes, all people will eventual-
ly become candidates for statin therapy. In other 
words, these guidelines are a step towards mak-
ing statins a public health measure rather than a 
clinical therapy.
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Risk Assessment: Selection of Patients 
for Drug Treatment

Ten-year Risk Assessment for CHD In ATP III 
[1], 10-year risk for CHD is estimated by an algo-
rithm developed by the Framingham Heart Study. 
These guidelines recommended that intensity 
of LDL-lowering therapy be adjusted accord-
ing to 10-year risk for CHD. According to ATP 
III, risk can be categorized as high, moderately 
high, moderate, and low [1]. High risk was clas-
sified as a 10-year risk for hard CHD of  ≥  20 %; 
moderately high risk was 10–19 %; moderate 
risk was approximately 5–9 %; and low risk was 
< 5 %. This classification of risk has been widely 
accepted in the USA. In Europe, 10-year risk for 
cardiovascular mortality is preferred over mor-
bidity for risk assessment [23].

Ten-year Risk for Total ASCVD The ACC/AHA 
guidelines [4] expanded the Framingham end 
point to include both CHD and stroke. Here the 
algorithm to assess ASCVD risk becomes all-
important for selection of patients for statin ther-
apy. If it overpredicts risk, more low-risk persons 
will be selected for drug therapy. Prior to ACC/
AHA guidelines, Framingham investigators pub-
lished a risk-prediction algorithm that includes 
CHD, stroke, peripheral vascular disease, and 
heart failure [62]. To date, it has not been tested 
for its practicality. One study showed that its use 
will markedly change therapeutic strategies [63]. 
ACC/AHA instead utilized a different algorithm 
to predict ASCVD. This algorithm was obtained 
by combining data from five large epidemiologic 
studies sponsored by NHLBI [64]. Since the pub-
lication of the ACC/AHA algorithm, a question 
has been raised as to whether it overestimates 
risk in the current US population. If so, an excess 
of low-risk patients would be treated with statins. 
There is some evidence that population risk has 
declined since the earlier studies contained in this 
algorithm. For example, Ridker and Cook [65] 
recently reported that three US populations have 
approximately half the risk calculated by the 
ACC/AHA algorithm. Moreover, several studies 
have indicated that the Framingham algorithm, 
which is contained in the new ACC/AHA tool, 

overestimates risk in several European popula-
tions [66–72].

This uncertainty must be taken into account 
when estimating risk in the US population; it 
requires considerable clinical judgment as to 
whether patients at low risk are being overtreated 
with cholesterol-lowering drugs.

The uncertainty over the reliability of the 
ACC/AHA algorithm requires us to consider 
another metric for statin therapy namely the 
number needed to treat (NNT) to prevent one 
ASCVD event over 10 years. This is illustrated 
in Table 18.2. If we assume that statin therapy 
reduces risk for ASCVD by 40 % and if the ACC/
AHA algorithm is correct, the NNT for each risk 
category is shown in the first column. But if the 
algorithm overestimates risk by twofold, NNT 
is shown in the second column. As low risk, the 
NNT is relatively high, but particularly so if risk 
is overestimated. A more acceptable NNT is ob-
tained as the risk becomes higher. There is no 
consensus number on NNT for statin drugs, so a 
decision about initiation of drug therapy depends 
on agreement between physician and patient.

Assessment of Lifetime Risk The 10-year risk 
assessment for ASCVD is problematic because 
the purpose of primary prevention is to reduce 
lifetime risk. This fact has led to increased inter-
est in estimating lifetime risk [73–77]. Donald 
Lloyd-Jones and associates [73, 78–85] have 

Table 18.2   Number needed to treat to prevent one 
ASCVD event over 10 years with high-intensity statin 
therapy
Ten-year risk for 
ASCVD (%)

ACC/AHA
algorithm

One-half
ACC/AHA
algorithm

5 50 100
7.5 33 66
10 25 50
12.5 20 40
15 17 34
17.5 14 28
20 12 24
22.5 11 22
25 10 20

ASCVD atherosclerotic cardiovascular disease, ACC 
American College of Cardiology, AHA American Heart 
Association
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published a series of papers on estimation of 
lifetime risk. Other investigators have projected 
lifetime risk based on Framingham data [75]. 
Another lifetime risk predictor is the QRISK 
model [77, 86, 87]. This model was derived from 
a prospective cohort study with data from gen-
eral practices in the UK between 1994 and 2010. 
Recent guidelines from the International Ath-
erosclerosis Society [88] have adopted lifetime 
risk assessment as a basis for recommendations 
of intervention to treat elevated cholesterol and 
other lipid abnormalities.

Risk Assessment by Atherosclerosis Imag-
ing Framingham risk scoring is highly depen-
dent on age as a risk factor. Since atherosclerosis 
increases progressively with age, age essentially 
becomes a surrogate for atherosclerosis burden. 
The relation between age and plaque burden may 
hold for populations but not necessarily for indi-
viduals. Therefore, some investigators have pos-
tulated that a better way to estimate risk would 
be to replace age with a more direct measure of 
atherosclerosis.

One method for determining subclinical ath-
erosclerosis burden is by measuring coronary ar-
tery calcium (CAC) [89]. CAC measurements are 
strongly correlated with coronary artery plaque 
burden [90–94]. Some years ago, Grundy [95] 
proposed using CAC to replace chronological 
age as a risk factor when using Framingham risk 
scoring. This approach has been validated in more 
recent studies [96]. One utility of this adjustment 
is to identify persons who are at low risk and who 
are unlikely to benefit from cholesterol-lowering 
drugs. Although some persons lacking in CAC 
can still have coronary plaques, these individuals 
are relatively rare and do not negate the value of 
CAC testing in individuals. This method of risk 
assessment appears to be particularly attractive 
for older persons. If it is used, many fewer older 
people will require statin therapy than is selected 
by the ACC/AHA algorithm.

Since the ACC/AHA algorithm includes 
stroke as well as CHD, imaging of the carotid 
arteries may also be helpful in the selection of 
patients for statin therapy. This is best done by 

measurement of carotid intimal medial thick-
ness (IMT) with sonography [97]. If the patient 
is found to have an increased IMT, prevention of 
stroke through use of statins is reasonable.

Role of Emerging Risk Factors in Risk Assess-
ment A variety of other factors have been found 
to associate with increased risk for ASCVD [1, 
98]. These include various lipid factors (e.g., 
low HDL, small LDL particles, and lipoprotein 
[a]), pro-inflammatory factors (e.g., C-reactive 
protein [CRP]), prothrombotic factors (e.g., PAI-
1), insulin resistance, and hyperglycemia. A low 
HDL strongly correlates with ASCVD risk, but 
whether it is a cause of atherosclerotic disease 
has not been determined. Further, a low HDL is 
confounded by non-HDL-C levels; nonetheless, 
HDL-C is incorporated into most risk algorithms 
because of the strong association with ASCVD 
risk. A high CRP appears to reflect a pro-inflam-
matory state; it has been included in one CHD 
risk algorithm [99, 100]. Small LDL particles are 
confounded by a high non-HDL-C, but whether 
they are more atherogenic than normal-sized 
LDL is uncertain. Diabetes is accompanied by 
increased ASCVD risk; but whether this is due 
to hyperglycemia per se is uncertain. Diabetes 
and insulin resistance are components of the 
metabolic syndrome, which likewise highly cor-
relates cardiovascular risk [101–102]. Finally, a 
strong family history of premature ASCVD asso-
ciates with risk. Thus, the presence of all of these 
emerging risk factors is strongly suggestive of 
higher risk, although they have not been incorpo-
rated into either Framingham or ACC/AHA algo-
rithms. Patients who exhibit one or more of these 
risk factors can be considered to be at higher risk, 
but clinical judgment is required whether to mod-
ify therapy beyond that advocated using standard 
algorithms. In the cardiovascular field, opinion is 
divided on this point.

LDL-C Goals in Primary Prevention

If guidelines are going to employ LDL-C goals, it 
may be useful to classify LDL-C levels according 
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to relative risk reduction (Table 18.1). These 
ranges are potential goals for therapy.

In 2002, ATP III set a goal of < 130 mg/dL for 
individuals with a moderate-to-moderately high 
risk [1]. Since that time, there has been growing 
evidence for further risk reduction by reducing 
LDL-C levels below 130 mg/dL [103]. The ATP 
III update [2] indicated that when drug therapy is 
employed, it is reasonable to set an LDL-C goal 
of < 100 mg/dL (e.g., 75–99 mg/dL). The Justifi-
cation for the Use of Statins in Prevention: an In-
tervention Trial Evaluating Rosuvastatin (JUPI-
TER) trial [103] showed that still lower LDL-C 
levels reduce ASCVD risk even more. In strict-
ly scientific terms, therefore, it can be said for 
LDL-C that “the lower, the better” for risk reduc-
tion. But to achieve very low LDL-C levels (50–
74 mg/dL), high-intensity statins are required for 
many people. On practical grounds, therefore, 
clinical judgment is needed to determine whether 
an effort should be made to achieve a very low 
LDL-C level. Recent Canadian guidelines [24] 
favored obtaining a very low LDL-C for primary 
prevention when statins are employed. Certainly, 
for high-risk patients, (e.g., those with diabetes 
and cigarette smokers) attaining very low levels 
is reasonable. But for those at lower risk, reduc-
ing LDL-C to < 100 mg/dL (75–99 mg/dL) should 
be sufficient. According to current epidemiologic 
data [55], once LDL-C levels reach 100 mg/dL, 
additional lowering appears to be accompanied 
by diminishing returns for risk reduction. From 
RCTs, it is uncertain whether the decline in risk 
accompanied a decline in LDL-C is linear or cur-
vilinear (log-linear).

Statin Therapy Without LDL-Cholesterol 
Goals in Primary Prevention

Since most clinical trials have employed statin 
therapy, it can be expected that statins will re-
ceive highest priority in any guidelines for cho-
lesterol-lowering drugs. As mentioned before, 
ACC/AHA guidelines hold that statin therapy 
should be based exclusively on risk estimates 
regardless of LDL-C levels and without any de-
fined LDL-C goals of therapy. If this approach 

is to be recommended for primary prevention, a 
nontrivial question is whether to use moderate-
intensity or high-intensity statins. ACC/AHA [4] 
appears to favor high-intensity statins where pos-
sible, although they seemingly accept moderate-
intensity statins for primary prevention. The lat-
ter include simvastatin 20 mg, pravastatin 40 mg, 
lovastatin 40 mg, atorvastatin 10 mg, and rosu-
vastatin 5 mg. Some investigators favor starting 
with moderate-intensity drugs and triturating the 
drug upwards as tolerated and according to the 
degree of LDL lowering.

Since publication of ACC/AHA guidelines, 
concern has been raised about elimination of 
LDL-C goals from recommendations [104–107]. 
Several advantages to use of goals have been 
claimed: (a) monitoring adherence to drug ther-
apy, (b) monitoring LDL-C response to therapy, 
(c) allowing adjustment of drug dosage to achieve 
the goal of therapy, and (d) ensuring maximal 
LDL-C reduction in higher-risk patients.

When to Start Drug Therapy in Primary 
Prevention

Most investigators would agree that statin therapy 
is indicated for persons with 10-year risk for CHD 
of ≥ 20 % (ASCVD > 27 %). Likewise, in accord 
with ATP III, cost-effective statin therapy can be 
recommended for persons whose 10-year risk for 
CHD is ≥ 10 % (ASCVD > 15 %). Whether to rec-
ommend statins for a CHD-risk threshold of 5 % 
(e.g., ASCVD risk 7–10 %) is more open to ques-
tion. This question cannot be separated from the 
age group of the patient. For convenience, it may 
be useful to separate subjects and at 20-year peri-
ods: 60–79 years, 40–59 years, and 20–39 years. 
Older persons have the highest risk for ASCVD; 
but reliability for risk assessment is lowest in 
this age group. Measurement of subclinical ath-
erosclerosis can be particularly useful for decid-
ing when to initiate statin therapy. If the ACC/
AHA algorithm is employed, it may be prefer-
able to set a 10-year risk threshold for ASCVD of 
≥ 15 %. This corresponds to adding a major risk 
factor (e.g., hypertension, cigarette smoking, or 
diabetes) to an optimal or near-optimal baseline 
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risk. In middle age, the ACC/AHA algorithm ap-
pears to be adequate. Likewise, a risk threshold 
for statin therapy of 7.5 % appears appropriate. 
Finally, for young adults, emphasis should be on 
lifestyle therapy. Combining a non-atherogenic 
diet with weight control and exercise and avoid-
ance of cigarette smoking in most cases should 
be sufficient to retard development of atheroscle-
rosis. However, if major risk factors including 
high LDL-C have taken hold at a young age, it 
seems appropriate to intervene with drug therapy 
if necessary to reverse the risk factor.

Non-Statin Drugs in Primary Prevention

Let us next ask whether statins are the only ac-
ceptable drugs for primary prevention. Other 
agents are approved for LDL lowering: bile acid 
sequestrants, nicotinic acid, ezetimibe, and fi-
brates. LDL lowering with bile acid sequestrants 
have been shown to safely reduce risk in hyper-
cholesterolemic subjects without established 
ASCVD [108–110]; but it has not been adequate-
ly tested for primary prevention. Ezetimibe has 
not been studied for primary prevention, although 
theoretically should lower risk if used for a long 
period. Fibrates have been reported for lower 
risk in primary prevention [111], but they are not 
strong LDL-lowering drugs. Thus, statins are ob-
viously first-line therapy for primary prevention; 
ezetimibe and bile acid sequestrants have poten-
tial, but are not adequately tested for efficacy to 
satisfy most investigators. However, they might 
be used as add-on drugs to statins in patients with 
hypercholesterolemia in whom low LDL levels 
are not attained by statins alone. The potential 
value of combining another LDL-lowering drug 
with a statin has been shown by the IMPROVE-
IT trial.

If a 15 % reduction in LDL-C starting in 
young adulthood with mildly elevated LDL-C 
can reduce risk by 50 % over a lifetime, it might 
be worthwhile to consider using a bile acid se-
questrant, to age 60; thereafter, a moderate dose 
of statin could be introduced to achieve further 
reduce risk for the remainder of life. Such a 
strategy could be based on currently available 

information, although it has not been tested with 
RCTs.

Lifestyle Intervention for Primary 
Prevention

The goal for lifestyle intervention in primary 
prevention is to reduce all of the risk factors for 
ASCVD. Highest on the list is elimination of 
tobacco use. Cigarette smoking is the most im-
portant lifestyle factor responsible for ASCVD. 
Other lifestyle factors have been discussed in 
detail previously [1]. To achieve maximal LDL 
lowering, saturated fatty acids should be reduced 
< 7 % of total calories, or at least to < 10 %. Intake 
of trans fatty acids should be lowered to < 1 % of 
total calories and dietary cholesterol to < 200 mg/
day. For greater LDL lowering, plant sterols/sta-
nols (2 g/day) can be used as a dietary adjunct. 
The preferable total fat intake is about 30 % of 
total calories, with most fatty acids being unsatu-
rated. Total caloric intake should be adjusted to 
achieve a desirable body weight. Finally, many 
investigators believe that the diet should be en-
riched in fruits, vegetables, and fibers. Sodium 
intake should be < 2 gm/day, and foods high in 
potassium should be encouraged. A common rec-
ommendation is for a diet containing fish rich in 
omega-3 fatty acids.

Population studies show that favorable life 
habits can greatly reduce the population volume 
of ASCVD. This combined with judicious use of 
agents that will moderately reduce LDL-C levels 
should magnify the reduction of atherosclerosis 
burden in the population. Finally, use of statins 
later in life can take advantage of their ability to 
markedly lower lifetime risk for ASCVD.
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