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Hyperlipidemia and Management
Hyperlipidemia (HLP) is a common condition that crosses multiple medi-

cal practices. Beyond the isolated diagnosis, it is associated with metabolic 
syndrome, diabetes, and obesity as well as causative in coronary artery disease, 
peripheral arterial disease, and stroke. Similarly to hypertension (HTN), it can 
be a “silent killer” with no known signs or symptoms until an index event. 
Primary care physicians should test for HLP with routine blood work as part of 
cardiovascular risk evaluation. Once HLP is detected, treatment should begin. 
The cornerstone of treatment is lifestyle modification.

Due to the difficulty in patients making significant lifestyle change, pharma-
cotherapy is often needed. Current data show that less than 5% of myocardial 
infarction (MI) and stroke survivors make comprehensive lifestyle changes. 
There has been a rapid evolution in the amount of evidence-based data in this 
area and it is now clear that statins offer the only real proven mortality and car-
diovascular event reduction benefit in patients with HLP. Bile acid sequestrants 
have a modest impact on lipids with a similar modest effect on cardiovascular 
outcomes, but not mortality. There may still be a role for ezetimibe, fibrates, 
and niacin for the truly statin-intolerant patients. 

Although statins have a wide and safe therapeutic window, they are not with-
out side effects, thus further emphasizing the importance of lifestyle modifica-
tion. This is even more important — as the recently released guidelines and the 
new Pooled Cohort Equations Risk Calculator call for an almost doubling of 
patients on statins. These same guidelines and new risk calculator have led to 
substantial controversy, which will be discussed in detail.

Now, more than ever, it is important to assess patients’ cardiovascular risk, 
discuss options with the patients (starting with lifestyle modification), and be 
aware of the best evidence-based approaches to drug therapy. 

Definition of the Problem
HLP is an excess of lipids and lipoproteins in blood. These lipids include 

triglycerides, cholesterol, cholesterols esters, and phospholipids. The term 
hyperlipidemia has been used synonymously with hypercholesterolemia, hyper-
triglyceridemia, and hyperlipoproteinemia. HLP can be due to genetic poly-
morphisms or secondary to metabolic syndrome, diet, physical inactivity, and 
medications.1

HLP is important to the pathogenesis of cardiovascular disease (CVD) 
because it is a modifiable risk factor for atherosclerotic disease and a predictor 
of ischemic events.2 Atherosclerosis is a dynamic process leading to progressive 
narrowing of arteries. This process is mediated by infiltration of the intima by 
inflammatory cells (T cells and monocytes), smooth muscle cells, and lipids.2 

Epidemiology and Pathophysiology 
CVD is major cause of morbidity and mortality worldwide. The Framingham 

Heart Study showed the lifetime risk of CVD in patients age > 40 years to be 
49% in males and 32% in females. Even though there has been a decline in the 
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The recently published ACC/AHA guidelines for the 
management of hyperlipidemia have elicited considerable 
controversy, particularly for the movement away from  
targeting LDL levels and for the perceived raising of the 
indications for statin therapy.

●●  Cardiovascular disease remains a major cause of mortal-
ity and morbidity.

●● Hyperlipidemia affects approximately 71 million 
Americans and less than half are receiving treatment.

●● Per ATP-III, lipoprotein measurements should be done 
once every 5 years in otherwise low-risk persons.

●● Treatment of hyperlipidemia includes lifestyle  
modification and pharmacologic intervention, most 
commonly with statins.

●● The new guidelines no longer focus on treatment to  
targeted LDL levels but rather focus on assigning 
patients to moderate or high-intensity statin treatment.

●● Pooled cohort equation risk calculators have supplanted 
the Framingham Risk Score and are readily accessible 
through a cell phone application that can be used to  
better predict coronary heart disease risk over 10 years 
and help to determine which patients would better ben-
efit from lifestyle and pharmacologic treatment.

Executive Summary

overall mortality from CVD in the 
last decade, CVD remains the major 
cause of mortality in developed 
countries, claiming more than 1 mil-
lion American lives annually. The 
prevalence of CVD is on the rise. 
The modifiable risk factors leading to 
CVD as outlined in the worldwide 
INTERHEART study include HTN, 
HLP, diabetes, abdominal obesity, 
smoking, alcohol intake, depression, 
lack of exercise, and lack of intake 
of fruits and vegetables.3 Evaluation 
of these modifiable risks is of para-
mount importance in managing 
patients with CVD. 

According to the Centers for 
Disease Control and Prevention 
(CDC) 2012 data, approximately 
71 million American adults (33.5%) 
have HLP and less than 50% of them 
are receiving treatment. People with 
high total cholesterol have approxi-
mately twice the risk of heart dis-
ease as people with optimal levels. 
There is direct correlation between 
the level of cholesterol and risk of 
CVD. An increase of 1 mg/dL in 
serum low-density lipoprotein cho-
lesterol (LDL-C) or a decrease of 1 
mg/dL in high-density lipoprotein 
cholesterol (HDL-C) is associated 
with 2-3% increased risk or 3-4% 
increased risk of CVD, respectively. 
Furthermore, a 1-unit decrease in 
total cholesterol or LDL-cholesterol 
to HDL-cholesterol ratio is associ-
ated with 50% reduced risk of MI. 

There has been a steady downward 
trend in serum cholesterol levels over 

the years.4 The percentage of adults 
with a total cholesterol level of at 
least 240 mg/dL (≥ 6.22 mmol/L) 
decreased from 20% during 1988-
1994 to 17% during 1999-2002 (P 
< 0.001).4 Although there has been 
improved survival in patients with 
CVD with modification of popula-
tion risk factors, such as HLP, smok-
ing, HTN, and physical activity, 
the improvement in mortality and 
life-years gained was partially offset 
by substantial increases in obesity 
and diabetes. There were 308,900 
fewer CVD deaths in 2000 among 
Americans aged 25-84 years than if 
1980 mortality rates had applied. 
These fewer deaths represented 
approximately 3,147,800 life-years 
gained, which were diminished by 
a loss of 715,000 life-years attribut-
able to increased rates of obesity and 
diabetes.5

The World Health Organization 
(WHO) definition of overweight is 
a body mass index (BMI) ≥ 25 kg/
m2, and obesity is defined as a BMI 
≥ 30 kg/m2. Currently, 67% of the 
U.S. population is either overweight 
or obese.6 According to 2012 CDC 
data, childhood obesity has more 
than doubled in children and qua-
drupled in adolescents in the past 30 
years. In the United States, children 
aged 6-11 years and adolescents 
aged 12-19 years who are obese 
increased from 7% to 18% and 5% 
to 21%, respectively, between 1980 
and 2012.7 Obese youth are at high 
risk of developing cardiovascular risk 

factors such as HLP, HTN, and pre-
diabetes. They are more likely to be 
obese as adults and at risk of CVD, 
type 2 diabetes, stroke, sleep apnea, 
certain types of cancers, and osteo-
arthritis. The annual medical cost 
of obesity in the United States was 
$147 billion in 2008. 

It is on this background that 
metabolic syndrome has emerged 
as a worldwide epidemic and pub-
lic health care problem. Metabolic 
syndrome is defined by any three or 
more of the following criteria: central 
obesity (waist circumference ≥ 102 
cm in men and ≥ 88 cm in women), 
HTN (SBP ≥ 130 mmHg or DBP 
≥ 85 mmHg or drug treatment for 
HTN), decreased HDL (< 40 mg/dL 
in men and < 50 mg/dL in women, 
or drug therapy for reduced HDL), 
and elevated triglycerides (≥ 150 mg/
dL, or drug treatment for elevated 
triglycerides) with insulin resistance 
(fasting plasma glucose ≥ 100 mg/
dL, or therapy for hyperglycemia) as 
the uniting physiologic factor.8 The 
prevalence of metabolic syndrome 
among adults ≥ 20 years of age was 
found to be 34% in a National Health 
and Nutrition Examination Survey 
(NHANES) during 2003-2006 in 
the United States.9 The prevalence 
of metabolic syndrome increased 
with age and varied by race, ethnicity, 
and sex. Females > 60 years of age 
were more likely than men to meet 
the criteria for metabolic syndrome 
compared to the youngest age group. 
Nonalcoholic fatty liver disease is now 
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recognized to be the hepatic compo-
nent of metabolic syndrome, which 
along with its individual components 
— particularly diabetes and elevated 
triglycerides — is the major risk factor 
for the development of nonalcoholic 
steatohepatitis (NASH), the most 
severe form of nonalcoholic fatty liver 
disease.10 NASH may progress to liver 
cirrhosis, hepatocellular carcinoma, 
and liver failure.10 Currently, NASH is 
the third most common cause of liver 
transplantation, but it is projected to 
be the leading cause in 2020. 

The ultimate result of metabolic 
syndrome is development of dia-
betes and CVD. Diabetes is now 
considered a coronary heart disease 
equivalent. HLP plays a primary role 
in this process, with initiation and 
progression of atherosclerosis. Low 
HDL-C and high LDL-C are risk 
factors for CVD. Oxidatively modi-
fied LDL particles are taken up by 
macrophages in the subendothelial 
space with subsequent generation of 
cholesterol-rich foam cells. The acute 
rupture of atherosclerotic plaques 
leads to coronary luminal obstruc-
tion and acute coronary syndromes. 
Matrix-metalloproteinases (MMP) 
cause interstitial collagen degrada-
tion, promoting plaque instability 
and rupture. Besides decreasing 
cholesterol, statins have other 
pleiotropic effects. These include 
reduced inflammation, increased 
levels of interstitial collagen, reduced 
expression of interstitial collagenase 
(MMP-1), lower levels of oxidized 
LDL, reduced production of reactive 
oxygen species, increased expression 
of endothelial nitric oxide synthase, 
reduced thrombotic potential, and 
increased fibrinolytic potential.11 

There are medical and surgical 
treatment options for obesity. The 
medical therapy approach involves 
behavioral therapy, increased physical 
activity, reducing caloric intake, and 
various pharmacotherapies. Bariatric 
surgery reverses some of the changes 
seen in metabolic syndrome com-
pared to non-surgical treatments. In 
a recent meta-analysis of 11 studies, 
Gloy et al concluded that patients 
with morbid obesity, BMI 30-52 kg/
m2, and bariatric surgery had higher 

remission rates of type 2 diabetes and 
metabolic syndrome, higher HDL-C, 
and decreased triglycerides compared 
to non-surgical treatment.12 Though 
the results of this meta-analysis are 
limited to 2 years of follow-up and a 
small number of studies and patients, 
they do point to the potential ben-
efit of surgery for this serious public 
health problem. The current guide-
lines recommend BMI > 40 kg/m2 
or > 35 kg/m2 with serious comor-
bidities as criteria for evaluation for 
bariatric surgery.

Clinical Features
Clinical features of HLP include 

peripheral arterial disease, stroke, 
CVD, pancreatitis due to elevated 
triglyceride and xanthomas, and 
skin lesions high in lipid content 
that can be seen in patients with 
familial hypercholesterolemia. It is 
also important to remember that 
HLP could also be a secondary 
cause of another underlying disease 
such as obesity, liver disease, hypo-
thyroidism, Cushing’s syndrome, 
and certain drugs like thiazides and 
cyclosporine.13 As such, patients with 
other disease processes may have 
clinical features that might alert to 
the possibility of HLP. 

Diagnostic Studies
Clinical diagnosis of HLP is made 

primarily by a fasting lipid profile, 

which requires fasting for about 12 
hours prior to the test. Published 
reports have suggested that non-
fasting lipid profile is just as effective 
as fasting lipid profile.14 The lipid 
profile measures total cholesterol, 
HDL, and triglycerides; from the 
formula total cholesterol-HDL-
triglyceride/5, a calculated LDL can 
be obtained. LDL can be measured 
directly but the value is sometimes 
underestimated.15 If the lipid profile 
is taken in a non-fasting state, only 
the values of total cholesterol and 
HDL are useful.16

As per Adult Treatment Panel III 
(ATP III), lipoprotein measurements 
once every 5 years are adequate 
in otherwise low-risk persons. For 
those with multiple risk factors or 
in those with 0-1 risk factors with 
LDL-C above risk-stratified goal, 
more frequent measurement will be 
required. A non-fasting lipid profile 
can be used in low-risk persons (0-1 
risk factor) and if the HDL-C level 
is ≥ 40 mg/dL and total cholesterol 
is < 200 mg/dL, no further testing 
is required. However, for individu-
als with multiple CVD risk factors 
(> 2), lipoprotein measurement is 
recommended as a guide to clinical 
management and, hence, a fasting 
lipid profile should be obtained.16 
Lipid profile ranges are included in 
Table 1.

Table 1: ATP III Classification of LDL, Total, and HDL 
Cholesterol (mg/dL)

LDL Cholesterol: Primary Target of Therapy
< 100 Optimal
100-129 Near optimal
130-159 Borderline high
160-189 High
≥ 190 Very high
Total Cholesterol
< 200 Desirable
200-239 Borderline high
≥ 240 High
HDL Cholesterol
< 40 Low
≥ 60 High
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Management: Lifestyle 
Modification

The cornerstone component of 
lipid management is lifestyle modi-
fication. In fact, a large systematic 
review by Iestra et al found that life-
style choices, such as eating a healthy 
diet, exercising, and not smoking, 
were as effective as pharmacologic 
treatments, such as low-dose aspirin, 
statins, ace inhibitors, and beta-
blockers.17 For an extensive review 
of lifestyle modification, refer to the 
American College of Cardiology/
American Heart Association (ACC/
AHA) Lifestyle guidelines.18 

Diet is an important factor in 
reducing lipid levels and risk for 
CVD. Since Dr. Ancel Keys linked 
dietary fats to CVD in the 1960s, 
there has been a substantial increase 
in knowledge about the impact of 
diet. One of the most studied diets 
is the Mediterranean diet, which 
appears to be more protective than 
the standard low-fat diet.19 The 
Mediterranean diet promotes the 
consumption of healthy fats such as 
olive oil, fish, beans, and nuts. Nuts 
have been found to be cardiopro-
tective, and patients consuming 1 
ounce of nuts seven or more times 
per week had a 20% lower death 
rate compared to those who did 
not eat nuts.20 Vegetarian or vegan 
(no animal products at all, includ-
ing cheese and eggs) diets also have 
been shown to significantly reduce 
lipid levels as well as CVD risk. A 
large meta-analysis of 27 studies 
demonstrated that plant-based diets 
significantly reduced LDL-C and 
triglyceride levels by 8-10 mg/dL. 
In an interesting comparison study 

of 34 participants, a vegetarian diet 
was compared to lovastatin 20 mg 
a day, and both were compared to 
a vegetarian diet with almost no 
dairy (almost vegan). The vegetarian 
group’s LDL dropped 8.5%, the lov-
astatin group dropped by 33.3%, and 
the almost vegan diet group's LDL 
dropped by 29.6%; the lovastatin 
and almost vegan diet were statisti-
cally significantly different from the 
vegetarian diet but not statistically 
different from each other.22 This was 
accomplished in 1 month’s time. It 
is unclear if these findings persisted 
or resulted in reduced cardiovascular 
outcomes, but the study demon-
strates that an acute drop in lipids 
can be achieved through lifestyle 
modification. 

Another study compared the old 
adage of “an apple a day keeps the 
doctor away” against statins. Using 
the British health care system as 
the basis for their statisical model, 
researchers compared the impact 
of placing all patients eligble for 
primary prevention on an apple a 
day (with a constant calorie diet) 
vs generic simvastatin. The model 
showed that there would be no 
significant difference in deaths pre-
vented by either strategy — i.e., that 
an apple a day was just as effective as 
low-dose generic statin. The major 
difference was in side effects. In the 
17.6 million patients theorectically 
given statins, there would be an 
excess of 1200 cases of myalgias, 200 
cases of rhabomyolysis, and 12,300 
new cases of diabetes.23 See Table 2 
for a summary of these results. This 
modeling exercise should not be 
taken to promote the replacement of 

statins with apples, but highlights the 
need to discuss the risk/benefit ratio 
of any treatment with each individual 
patient. 

The AHA recommends behavior 
change and has published a specific 
set of guidelines — the 5 A’s — to 
help practitioners start the conversa-
tion about lifestyle change and teach 
patients how to implement behavior 
change.24 (See Table 3).

Pharmacologic Treatment
Although lifestyle modification 

is the foundation to treating HLP, 
very few patients make the recom-
mended lifestyle changes. A recent 
cross-sectional study of MI and 
stroke survivors found that only 
4.3% made comprehensive lifestyle 
changes (stopped smoking, changed 
diet, and started exercising) within 5 
years of their event.25 These numbers 
necessitate pharmacologic treatment, 
especially in secondary prevention, in 
a large percentage of patients.

Statins have been proven to pro-
vide significant LDL reductions that 
coincide with mortality reduction 
across a large group of secondary and 
primary prevention patients.26,27,28,29 
Statins have been studied extensively 
and have an excellent therapeutic 
window with substantial LDL low-
ering with a low side effect profile. 
Typical statin doses and their antici-
pated effect on LDL are shown in 
Table 4.30

Although there has been much 
publicity about the side effects of 
statins, truly dangerous side effects 
such as liver toxicity and rhabdo-
myolysis are extremely rare.31 The 
recent concerns about increased 

Table 2: An Apple a Day Keeps the Doctor Away

Apple a Day Generic Statin
Annual death 
reduction 8500 deaths 9400 deaths

95% confidence 
interval 6200-10,800 7000-12,500

Side effects None 1200 more cases of myopathy

200 more cases of rhabomyolysis

12,300 new cases of diabetes

Call to Action for Better  
Population Health Through 
Behavior Change
1. Assess the behavior
2. Advise change
3. Agree on an action plan
4. Assist with treatment
5. Arrange follow-up

Table 3: The 5 A's
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cancer risk and cognitive decline are 
unproven.32 The two major concerns 
regarding statins are myalgias and 
new onset diabetes (as demonstrated 
in the British health care study; see 
Table 2).

Myalgias affect about 10% of statin 
users.31 Furthermore, statins are asso-
ciated with not only myalgias, but 
also all other musculoskeletal com-
plaints. These included muscle pain, 
sprains, strains, dislocations, and 
arthritis.33 If the patient complains of 
any musculoskeletal symptoms with a 
benign physical exam, it is reasonable 
to lower the dose, change to another 
statin, take a statin holiday, or have 
the patient take a trial of coenzyme 
Q10 (discussed below). Elevated 
creatine kinase levels could prove 
statin-induced muscle involvement if 
elevated.

One way to test if the statin is 
causing the myalgias is to give a 
statin holiday. If the patient is stable 
from a CVD standpoint, the statin 
could be held to see if the symptoms 
resolve. To truly know if the statin 
had caused the problem, the statin 
should be reintroduced (Koch’s 
postulate). If the symptoms do not 
recur, then both the primary care 
physician and the patient will be 
reassured and therapy can be con-
tinued. This approach has now been 
studied and published with the name 
of “n-of-1 experiments.”34

A provocative trial objectively 
measured the effect of exercise train-
ing with or without statins. Unlike 
patients randomized to exercise 

alone, those on statins could not 
increase their VO2max.

35 Furthermore, 
it was found that the activity level of 
citrate synthase, a marker of skeletal 
muscle mitochondrial content, was 
decreased by statins but raised by 
exercise. This could be the mecha-
nism whereby some patients have 
muscle pain and weakness while on 
statins. 

Although there is a wealth of data 
suggesting mechanisms for statin-
induced myalgias, including lower-
ing serum coenzyme Q10 levels and 
mitochondrial dysfunction, there are 
very few good data on the effect of 
taking supplements to counteract 
these effects.31 The best study on this 
was a double-blind study in humans 
with muscle symptoms while on 
statin therapy. Half of the patients 
received coenzyme Q10 while the 
other half received a placebo. Both 
groups reported about a 40% reduc-
tion in symptoms.36 Since this was a 
small study, clear data are lacking. 

Another approach is to try a once-
a-week dosing strategy. A small study 
of patients with statin-induced side 
effects showed that 74% could toler-
ate a once-per-week dosing strategy 
and still had a 23% reduction in 
LDL-C levels. This study was too 
small to detect if these changes were 
enough to affect CVD outcomes, 
but does offer another option in 
patients who need to stay on statins 
but are having significant side 
effects.37 From this starting point, it 
may be reasonable to up titrate statin 
dose as tolerated by the patient.

Non-statin therapies have not 
proven as successful as statins in 
modifying risk. While bile acid 
sequestrants, niacin, fish oil, fibrates, 
and ezetimibe lower LDL-C, they 
are not as powerful as statins, which 
probably explains their mixed results 
in outcomes from randomized tri-
als. For this reason, the ACC/AHA 
Blood Cholesterol Guideline does 
not recommend any non-statin phar-
macologic treatment.

Niacin favorably alters all aspects 
of the lipid panel. Niacin lowers 
LDL-C, raises HDL-C, and reduces 
triglycerides. Niacin was recently 
studied in the large AIM-HIGH 
study and found to not alter event 
rates when used as adjuvant ther-
apy.38 However, the Coronary Drug 
Project demonstrated that niacin 
reduced nonfatal MI, but did not 
affect mortality. A recent 15-year 
follow-up of this same study showed 
a late mortality benefit.39 Since this 
benefit occurs after stopping active 
therapy, it is unclear what, if any, 
causal relationship exists. An inter-
esting meta-analysis demonstrated a 
protective effect of niacin on major 
cardiovascular events that was inde-
pendent of the on-treatment HDL-C 
level.40 A possible mechanism for 
this non-HDL-C effect was demon-
strated in a small retrospective study 
of the HATS and FATS trials. Niacin 
had the predicted effect on routine 
lipid parameters, but also altered the 
lipoprotein particle density distribu-
tion that correlated to angiographic 
and clinical results.41 So while it is 
difficult to titrate niacin up to an 
effective dose due to flushing and 
gastrointestinal upset, consideration 
of using niacin can be reserved in 
patients where the lipid profile is not 
well controlled and the patient does 
not tolerate doses of statins appropri-
ate to their level of risk. 

Fish oil has also been studied 
extensively. Early studies showed 
that it was indeed effective in low-
ering triglyceride levels, and that 
it also appeared to be effective in 
reducing arrhythmias and even 
sudden cardiac death.42 This study 
was even more impressive as it was 
done in a Japanese population with 

Table 4: Statin Effectiveness

High intensity 
LDL lowering  
of 50%

Moderate intensity 
LDL lowering of 
30-50%

Low intensity 
LDL lowering  
of ~30%

Atorvastatin 40-80 mg

Rosuvastatin 20-40 mg

Atorvastatin 10-20 mg

Rosuvastatin 5-10 mg

Simvastatin 20-40 mg

Pravastatin 40-80 mg

Lovastatin 40 mg

Fluvastatin 80 mg

Pitavastatin 2-4 mg

Simvastatin 10 mg

Pravastatin 10-20 mg

Lovastatin 20 mg

Fluvastatin 20-40 mg

Pitavastatin 1 mg
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a high background of fish intake. 
Two recent well-designed, large-
scale, double-blind, randomized, 
controlled studies have now demon-
strated that fish oil, while lowering 
triglycerides, had no impact on CVD 
event rates or death.43 One of these 
studies was done in diabetic patients, 
a high-risk group that would receive 
the most benefit.44 At this point, it 
is not recommended to use fish oil 
for the prevention of heart disease. 
The large GISSI-Prevenzione study 
showed a reduction in cardiovascular 
endpoints, including mortality, in a 
secondary prevention population.45 
However, fish oil may still be use-
ful in patients with CVD who have 
serum triglycerides > 500 mg/dL.

Fibrates have a mixed picture 
as well. Some early trials such as 
VA-HIT showed a benefit for gem-
fibrozil in preventing cardiovascular 
events in men with established coro-
nary artery disease.46 In the FIELD 
trial (both primary and secondary 
prevention) among patients with 
low HDL-C and high triglycerides, 
fenofibrate conferred a 27% reduc-
tion in the primary composite end-
point.47 The recent ACCORD study 
in diabetics did not show any benefit 
of adding fibrates to simvastatin 
in affecting outcomes.48 However, 
there seemed to be a benefit in the 
low-HDL/high-triglyceride group 
that, coupled with the results of 
the FIELD study, suggests fibrates 
may be helpful in patients with this 
lipid phenotype. Gemfibrozil should 
not be used in combination with a 
statin because it can reduce statin 
elimination and increase risk for 
rhabdomyolysis.49

Ezetimibe reduces LDL-C by 20% 
by blocking the absorption of choles-
terol from the gastrointestinal tract. 
It is typically used as adjunctive ther-
apy with statins to achieve greater 
LDL reduction. There is controversy 
over its role (if any), as there are 
currently no good clinical outcomes 
studies with ezetimibe. In the 
ENHANCE trial, when ezetimibe 
was added to simvastatin, it did not 
significantly reduce carotid intima-
media thickness (CIMT).50 However, 
in the smaller SANDS and VYCTOR 

trials, it did contribute to CIMT 
regression.51,52 When compared head 
to head with niacin, it performed 
worse in the ARBITER 6-HALTS 
study on CIMT regression.53 

In the SHARP trial, the combina-
tion of simvastatin/ezetimibe reduced 
the risk for the primary composite 
endpoint in patients with chronic 
kidney disease.54 In this study, risk 
reduction was proportional to mag-
nitude of LDL-C reduction. In the 
SEAS trial, simvastatin/ezetimibe 
therapy reduced the risk for ischemic 
cardiac events.55 However, both of 
these studies tested the combina-
tion of statin and ezetimibe against 
placebo and could not measure the 
effect of ezetimibe beyond that of 
the statin. The IMPROVE-IT trial 
(ClinicalTrials.gov # NCT00202878) 
is evaluating the impact of adjuvant 
ezetimibe in patients post-ACS. 
The study is completed and will be 
presented later this year. Until those 
results are known, ezetimibe is a rea-
sonable option for those with high 
residual LDL or as lone therapy in 
truly statin-intolerant patients.

Controversies: HDL
While most of the discussion has 

focused on LDL-C lowering, what 
about HDL-C? HDL-C level has 
been shown to be a “protective,” 
negative risk factor for CVD.56 This 
has led to several attempts to raise 
HDL pharmacologically. The first 
attempt was with the cholesteryl 
ester transfer protein (CETP) torce-
trapib. This approach has met with 
failure due to increased death rates 
possibly related to increased blood 
pressure, electrolyte disturbances, 
and other off-target toxicities.57 A 
similar compound, dalcetrapib, did 
not increase mortality, but while it 
raised HDL-C levels, there was no 
reduction in cardiovascular events.58 

The absolute HDL-C level may 
not be the most important fea-
ture of HDL. HDL efflux capacity 
(measured at the cell level) is more 
predictive of the degree of CIMT 
than the actual HDL level itself.59 
Furthermore, studies in a popula-
tion from a small village in rural Italy 
without any significant CVD and 

enhanced longevity found that they 
had very low HDL levels.60 These 
villagers carried a mutation known 
as ApoA-1 Milano. Using recombi-
nant ApoA-1 Milano infused weekly 
into human subjects, intravascular 
ultrasound demonstrated plaque 
regression in as little as 5 weeks.61 It 
appears that the functionality rather 
than the amount of HDL-C deter-
mines benefit.

Probably the most important 
new data regarding HDL have 
come from a large-scale genetic 
study. Researchers evaluated single-
nucleotide polymorphisms (SNPs) 
associated with HDL (using SNPs 
associated with LDL as a control) 
and then looked for relationships 
with clinical disease. As expected, the 
SNPs associated with low LDL were 
protective while the SNPs associ-
ated with high LDL led to higher 
prevalence of disease. More interest-
ingly, no HDL SNP had any predic-
tive value on disease status.62 At this 
point, most researchers believe HDL 
is at best a surrogate marker for some 
other process that tracks with it, but 
it is not causative in and of itself. At 
present, the HDL hypothesis awaits 
definitive confirmation.

Confusion and 
Controversy Around the 
New ACC/AHA Guidelines

The ACC/AHA published new 
guidelines for the treatment of lip-
ids in November 2013.30 The ACC 
and AHA did a systematic evidence 
review of RCTs for statins and found 
a consistent reduction in atheroscle-
rotic cardiovascular disease (ASCVD) 
events in primary and secondary 
prevention populations, with the 
exception of ASCVD event reduc-
tion in those with New York Heart 
Association class II-IV heart failure 
and those receiving hemodialysis. 
The RCTs reviewed by the ACC/
AHA either compared fixed doses 
of statins with placebo or untreated 
controls, or compared fixed doses of 
higher-intensity statins with moder-
ate-intensity statins. These trials were 
not designed to evaluate the effect 
of dose-adjusted statin treatment 
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to achieve LDL-C or non-HDL-C 
goals; hence, no recommendations 
were given to titrate cholesterol-
lowering drug therapy to achieve 
LDL-C or non-HDL-C goals as rec-
ommended by ATP III. The expert 
panel recommended as per RCTs 
that statins should be used in those 
populations most likely to benefit 
with high-intensity vs moderate-
intensity therapy. The recommended 
treatment groups in the new lipid 
guidelines are shown in Table 5.

The new ACC/AHA lipid guide-
lines have generated significant con-
troversy as well as confusion focused 
on two new points discussed in detail 
below. 

No More Focus on Actual 
LDL Levels

The new guidelines are based 
on interpreting what was actually 
demonstrated in the statin trials. 
All of the major statin trials tested a 
strategy of high-dose statin vs lower-
dose statin or placebo and not nec-
essarily treating to a target LDL-C 
level. While this may be factually 
true, it may be conceptually wrong. 
Although it is true that the specific 
hypothesis tested in the various 
statin trials was not a targeted LDL 
goal, it is clear that LDL-C level is 
predictive of risk and that patients 
who achieved a lower LDL level had 
adverse cardiovascular events.

There is significant evidence from 
both predictive models and in a 

regression analysis that LDL-C levels 
matter. Using a regression model 
approach, it has been estimated that 
a patient would have to have the 
LDL-C lowered to 55 to achieve 
a 0% event rate and to 30 in sec-
ondary prevention.63 In the same 
article, a regression model looking 
at all the quantitative angiography 
and intravascular ultrasound data 
demonstrated that to stop the loss 
of coronary arterial minimal lumen 
diameter, the LDL-C would have 
to be decreased to 70. Probably the 
most influential acute care statin 
study is TIMI 22-Prove IT, which 
studied high-dose atorvastatin 
against standard dose pravastatin.28 
In that study, atorvastatin was 
superior to pravastatin in reducing 
cardiac events. While the atorvas-
tatin arm was what is now called 
a “high-intensity” treatment vs a 
“moderate intensity” treatment 
(pravastatin), the obvious difference 
was achieved LDL-C levels. The 
average achieved LDL-C was 62 in 
the atorvastatin arm and 95 in the 
pravastatin arm. This has been borne 
out in all the other studies of statins. 
While the initial hypothesis was not 
to reach a target LDL, the improve-
ment in event rates paralleled the 
achieved LDL-C level. Moreover, 
in an important post-hoc analysis of 
PROVE-IT, attaining an LDL-C of 
< 40 compared to 80-100 mg/dL 
was associated with a significant 39% 
incremental risk reduction for cardio-
vascular events.64

Furthermore, the new guidelines 
use hard LDL values multiple times. 
They recommend no treatment if the 
LDL-C is already under 70. They 
also recommend starting treatment 
if the LDL is > 190. Finally, non-
HDL (or LDL) is used in the new 
risk calculator. It is clear that even 
though the new guidelines want to 
de-emphasize LDL-C, it still matters.

Finally with the recent loss of 
enthusiasm for modifying HDL and 
lack of benefit modifying triglycer-
ide levels, it leaves only the LDL-C 
as a therapeutic target. As the lone 
remaining lipid target, it makes sense 
to try and optimize its level.

Pooled Cohort Equations 
Risk Calculator

Even more controversial than the 
decision to abandon LDL targets 
is the new risk calculator (see Table 
6). The new set point for consider-
ing starting statin therapy is a 7.5% 
risk over 10 years as determined by 
the risk calculator. This is a change 
from the old risk scoring in the 
Framingham Risk Score (FRS). By 
the old FRS, high risk was a 20% risk 
over 10 years and moderate risk was 
10-20% over 10 years. The annual 
risk now considered to be high risk 
has been reduced from 2.0% per year 
to 0.75% per year. This represents 
a significant change and potential 
increase in statin usage. The authors 
fully admit that choosing the 7.5% 
risk level is arbitrary, but also point 
out that choosing any level, includ-
ing the old 20% risk level is arbitrary 
as well. The appropriate risk/benefit 
ratio will have to be determined on 
an individual basis with each patient 
and his/her physician. 

Ridker applied the new risk calcu-
lator to several clinical trial popula-
tions and found that it overestimates 
risk by about two-fold.65 The esti-
mated impact on the United States 
would be an additional 12.8 million 
people eligible for statin therapy.66 
These 56 million total patients would 
represent 48.6% of the entire 40-75 
age group in the United States. This 
push has been coined the “statiniza-
tion” of America.67 Probably the 
most important “side effect” of the 
new risk calculator is that it will 
stimulate discussion between doctors 
and patients about their lipids levels 
and how best to address it through 
lifestyle change and/or statins.

Recommended Treatment 
Algorithm

1. Assess patient risk level and 
measure fasting lipid profile. 

2. If patient is in one of the first 
three out of four high-risk groups 
(see Table 5) or has an LDL > 160, 
advise lifestyle change and discuss 
possible statin therapy.

If the patient has a risk greater 
than 7.5% by the Pooled Cohort 
Risk Calculator, discuss with the 

Table 5: Four Statin 
Recommended Treatment 
Groups

1. Individuals with clinical ASCVD
2. Individuals with primary 

elevations of LDL–C ≥ 190 mg/
dL

3. Individuals 40-75 years of age 
with diabetes and LDL-C  
70-189 mg/dL

4. Individuals 40-75 years of 
age without clinical ASCVD or 
diabetes with LDL-C 70-189 mg/
dL and an estimated 10-year 
ASCVD risk of 7.5% or higher
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patient both your and the patient’s 
level of comfort with starting any 
treatment at a specific risk level. The 
appropriate risk/benefit ratio will 
have to be determined on an indi-
vidual basis with each patient and 
his/her own doctor and not at an 
arbitrary threshold value.

3. Reassess response to treatment 
plan. Repeat LDL measurement and 
check for side effects. Set goal LDL 
of < 100 in stable patients and < 70 
for higher-risk patients.

4. If residual LDL is still high after 
maximum tolerated statin dose, con-
sider adding ezetimibe.

5. If patient is a secondary preven-
tion patient or in a high-risk group 
but truly cannot tolerate statins, con-
sider monotherapy with fibrate (first 
option especially in patients with 
low HDL-C and high triglycerides), 
ezetimibe (second option), or niacin 
(third option). 

Summary
LDL-C is a powerful predictive 

and pathogenic factor in CVD and 
mortality. All adult patients should 
be assessed for not only elevated 
LDL-C levels, but also overall risk. 

Lifestyle change should be the foun-
dation of any therapeutic treatment 
plan addressing lipids. Statin therapy 
directed at lowering the LDL-C 
has been shown to be protective 
and is first-line pharmacotherapy. 
Ezetimibe may be added for patients 
not achieving significant reductions 
on statins alone. For statin intolerant 
patients, niacin, ezetimibe, or fibrates 
may be useful and should be con-
sidered as monotherapy until more 
data are available. The new Pooled 
Cohort Equations Risk Calculator 
may overestimate risk, but does serve 
as a good starting point for discuss-
ing risk/benefit ratios of treatment 
with individual patients.
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CME questions

1. What percentage of myocardial 
infarction and stroke survivors make 
comprehensive lifestyle changes?
a. > 75%
b. > 50%
c. > 25%
d. < 5%

2. A patient with history of myocardial 
infarction, type 2 diabets, and hyper-
lipidemia experiences myalgias after 
starting atorvastatin. Which of the 
following would be a reasonable step 
in management of hyperlipidemia?
a. Lower the dose of atorvastatin
b. Change to another statin
c. Statin “holiday”
d. Trial of coenzyme Q10
e. All of the above

3. Which of the following is not an indi-
cation for statin therapy under the 
new ACC/AHA 2013 guidelines of 
hyperlipidemia management?
a. Individuals with clinical ASCVD
b. Individuals with primary eleva-

tions of LDL-C ≥ 190 mg/dL
c. Individuals 40-75 years of age 

with diabetes and LDL-C 70-189 
mg/dL

d. Individuals 40-75 years of age 
without clinical ASCVD or diabe-
tes with LDL-C 70-189 mg/dL 
and an estimated 10-year ASCVD 
risk of 5% or higher

4. What percentage of the U.S. popula-
tion is overweight or obese?
a. 50-55%
b. 55-60%
c. 60-65%
d. 65-70%

5. Metabolic syndrome is defined by all 
of the following criteria except:
a. central obesity (waist circumfer-

ence ≥ 102 cm in men and ≥ 88 
cm in women).

b. HTN (SBP ≥ 130 mmHg or 
DBP ≥ 85 mmHg or drug treat-
ment for HTN).

c. decreased HDL (< 40 mg/dL in 
men and < 50 mg/dL in women, 
or drug therapy for reduced 
HDL).

d. elevated triglycerides (≥ 200 
mg/dL, or drug treatment for 
elevated triglycerides).

e. insulin resistance (fasting plasma 
glucose ≥ 100 mg/dL, or therapy 
for hyperglycemia).

6. All of the following are examples of 
pleiotropic effects of statins except: 
a. reduced inflammation.
b. increased levels of interstitial col-

lagen.
c. increased expression of interstitial 

collagenase (MMP-1).
d. lower levels of oxidized LDL.
e. reduced production of reactive 

oxygen species.

7. A 55-year-old white male with his-
tory of type 2 diabetes, hypertension, 
and myocardial infarction complains 
of myalgias while taking atorvastatin. 
After atorvastatin is stopped, myal-
gias seem to improve. Which of the 
following next step in management 
would be consistent with the “n of 
1” study concept? 
a. Restart atorvastatin and monitor 

for myalgias
b. Avoid further use of any statins in 

this patient due to myalgias
c. Start the patient on niacin 
d. Start the patient on ezetimibe
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