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An elevated serum level of cholesterol 
has been recognized as a risk factor 
for atherosclerotic cardiovascular 

disease (ASCVD) since the publication of 
the Framingham Study in 1961.1 Although 
clinical outcomes related to ASCVD have 
improved in recent decades, ASCVD remains 
the leading cause of morbidity and mortality 
across the globe and remains, in the United 
States, the leading cause of death among 
most racial and ethnic groups. Much of this 
persistent disease burden can be attributed 
to inadequate control of ASCVD risk factors 
and suboptimal implementation of preven-
tion strategies in the general population.2

The most recent (2019) iteration of the 
American College of Cardiology/American 
Heart Association (ACC/AHA) Guideline 
on the Primary Prevention of Cardiovascu-
lar Disease emphasizes a comprehensive, 
patient-centered, team-based approach to 
the management of ASCVD risk factors.2 In 
this article, I review how, first, medication 
to reduce ASCVD risk should be considered 
only when a patient’s risk is sufficiently high 
and, second, shared decision-making and 

social determinants of health should, in all 
cases, guide and inform optimal implemen-
tation of treatment.2
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Hyperlipidemia management:  
A calibrated approach

Gauge the level of LDL cholesterol and assess risk-enhancing factors for 
ASCVD—thus setting the table for primary and secondary prevention with 
medical therapy

Jonathon M. Firnhaber, MD, MAEd, MBA

PRACTICE  
RECOMMENDATIONS

•	 Use an alternative to the Friedewald 
equation, such as the Martin–Hopkins 
equation, to estimate the low-density 
lipoprotein cholesterol (LDL-C) value; 
order direct measurement of LDL-C; or 
calculate non–high-density lipoprotein 
cholesterol to assess the risk for 
atherosclerotic cardiovascular disease 
(ASCVD) in patients who have a low 
LDL-C or a high triglycerides level. C

•	 Consider the impact of ASCVD risk-
enhancing factors and coronary 
artery calcium scoring in making a 
recommendation to begin lipid-lowering 
therapy in intermediate-risk patients. C

•	 Add ezetimibe if a statin does not 
sufficiently lower LDL-C or if a patient 
cannot tolerate an adequate dosage of 
the statin. C

Strength of recommendation (SOR)

A  Good-quality patient-oriented evidence

B  �Inconsistent or limited-quality patient-
oriented evidence

C  �Consensus, usual practice, opinion, 
disease-oriented evidence, case series
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For adults  
≥ 20 years of  
age who are  
not receiving  
lipid-lowering 
therapy, a 
nonfasting lipid 
profile can be  
used to estimate 
ASCVD risk and 
document the 
baseline LDL-C 
level

Estimating risk for ASCVD  
by ascertaining LDL-C
•	 The Friedewald equation. Tradition-

ally, low-density lipoprotein cholesterol 
(LDL-C) is estimated using the Friedewald 
equationa applied to a fasting lipid profile. 
In patients who have a low level of LDL-C  
(< 70 mg/dL), however, the Friedewald equa-
tion becomes less accurate; in patients with 
hypertriglyceridemia (TG ≥ 400 mg/dL), 
estimation of LDL-C is invalid.

•	 The Martin–Hopkins equation offers a 
validated estimation of LDL-C when the 
LDL-C value is < 70 mg/dL.3 This equa-
tion—in which the fixed factor of 5 used 
in the Friedewald equation to estimate 
very low-density lipoprotein cholesterol 
is replaced by an adjustable factor that 
is based on the patient’s non-HDL-C (ie,  
TC–HDL-C) and TG values—is preferred by 
the ACC/AHA Task Force on Clinical Practice 
Guidelines in this clinical circumstance.4

•	 National Institutes of Health equation. 
This newer equation provides an accurate 
estimate of the LDL-C level in patients 
whose TG value is ≤ 800 mg/dL. The equa-
tion has not been fully validated for clinical 
use, however.5

•	 Direct measurement obviates the need for 
an equation to estimate LDL-C, but the test 
is not available in all health care settings.

For adults ≥ 20 years of age who are not 
receiving lipid-lowering therapy, a non-
fasting lipid profile can be used to estimate 
ASCVD risk and document the baseline 
LDL-C level. If the TG level is ≥ 400 mg/dL, 
the test should be administered in the fast-
ing state.4

•	 Apolipoprotein B. Alternatively, apo-
lipoprotein B (apoB) can be measured. 
Because each LDL-C particle contains  
1 apoB molecule, the apoB level describes 
the LDL-C level more accurately than a cal-
culation of LDL-C. Many patients with type 
2 diabetes and metabolic syndrome have 
a relatively low calculated LDL-C (thereby 
falsely reassuring the testing clinician) but 

have an elevated apoB level. An apoB level 
≥ 130 mg/dL corresponds to an LDL-C level 
>160 mg/dL.4

•	 Calculation of non-HDL-C. Because the 
nonfasting state does not have a signifi-
cant impact on a patient’s TC and HDL-C 
levels, the non-HDL-C level also can be 
calculated from the results of a nonfasting  
lipid profile.

Non-HDL-C and apoB are equivalent 
predictors of ASCVD risk. These 2 assess-
ments might offer better risk estimation than 
other available tools in patients who have 
type 2 diabetes and metabolic syndrome.6

Applying the estimate  
of 10-year ASCVD risk
Your recommendation for preventive inter-
vention, such as lipid-lowering therapy, 
should be based on the estimated 10-year risk 
for ASCVD. Although multiple validated risk 
assessment tools are available, ACC/AHA rec-
ommends the pooled cohort risk equations 
(PCE), introduced in the 2013 ACC/AHA cho-
lesterol treatment guidelines. The Framing-
ham Heart Study now recommends the ACC/
AHA PCE for risk assessment as well.7

The PCE, developed from 5 large cohorts, 
is based on hard atherosclerotic events: non-
fatal myocardial infarction, death from coro-
nary artery disease, and stroke. The ACC/
AHA PCE is the only risk assessment tool 
developed using a significant percentage of 
patients who self-identify as Black.8 Alterna-
tives to the ACC/AHA PCE include:
•	 Multi-ethnic Study of Atherosclerosis 

(MESA) 10-year ASCVD risk calculator, 
which incorporates the coronary artery cal-
cium (CAC) score.

•	 Reynolds Risk Score, which incorporates 
high-sensitivity C-reactive protein mea-
surement and a family history of premature 
ASCVD.9

How much does lifestyle  
modification actually matter?
The absolute impact of diet and exercise 
on lipid parameters is relatively modest. 
No studies have demonstrated a reduction 
in adverse cardiovascular outcomes with  

aCalculated as: total cholesterol (TC)–high-density 
lipoprotein cholesterol (HDL-C)–triglycerides/5.
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specific interventions regarding diet or activity.
•	 Diet. Nevertheless, ACC/AHA recom-

mends that at-risk patients follow a dietary 
pattern that (1) emphasizes vegetables, 
fruits, and whole grains and (2) limits 
sweets, sugar-sweetened beverages, and 
red meat.

Saturated fat should constitute no 
more than 5% or 6% of total calories. In 
controlled-feeding trials,10 for every 1% 
of calories from saturated fat that are 
replaced with carbohydrate or mono-
unsaturated or polyunsaturated fat, the 
LDL-C level was found to decline by as 
much as 1.8 mg/dL. Evidence is insuffi-
cient to assert that lowering dietary cho-
lesterol reduces LDL-C.11

•	 Activity. Trials of aerobic physical activity, 
compared with a more sedentary activity 
pattern, have demonstrated a reduction 
in the LDL-C level of as much as 6 mg/
dL. All adult patients should be counseled 
to engage in aerobic physical activity of 
moderate or vigorous intensity—averaging 
≥ 40 minutes per session, 3 or 4 sessions  
per week.11

Primary  prevention: 
Stratification by age
•	 40 to 75 years. ACC/AHA recommends 

that you routinely assess traditional car-
diovascular risk factors for these patients 
and calculate their 10-year risk for ASCVD 

using the PCE. Statin therapy as primary 
prevention is indicated for 3 major groups  
(TABLE 1).4 The US Preventive Services Task 
Force (USPSTF) recommends a 10-year 
ASCVD risk ≥ 10%, in conjunction with  
1 or more additional CVD risk factors (dys-
lipidemia, diabetes, hypertension, smok-
ing), as the threshold for initiating low- or 
moderate-intensity statin therapy in this 
age group.12

In adults at borderline risk (5% to  
< 7.5% 10-year ASCVD risk) or intermediate 
risk (≥ 7.5% to < 20% 10-year ASCVD risk), 
consider risk-enhancing factors to better 
inform your recommendation for preven-
tive interventions. In these 2 groups, the 
presence of risk-enhancing factors might 
justify moderate-intensity statin therapy 
(TABLE 24).

If your decision regarding preven-
tive intervention remains uncertain, 
measuring CAC might further guide 
your discussion with the patient.4 
When the CAC score is:
	– 0 Agatston units and higher-risk con-
ditions (eg, diabetes, family history of 
premature coronary artery disease, 
smoking) are absent, statin therapy 
can be withheld; reassess ASCVD risk 
in 5 to 10 years.

	– 1-99 Agatston units, statin therapy can 
be started, especially for patients  
≥ 55 years of age.

	– ≥ 100 Agatston units or ≥ 75th per-
centile, statin therapy is indicated for 
all patients, regardless of additional  
risk factors.4

Because statins promote progres-
sion from unstable, inflammatory athero-
sclerotic plaque to more stable, calcified 
plaque, CAC scoring is not valid in patients 
already on statin therapy.13

In primary prevention, patients who 
have been classified as having low or inter-
mediate risk, based on ASCVD risk scor-
ing, with a CAC score of 0 Agatston units, 
have an annual all-cause mortality < 1%, 
regardless of age and gender. Patients 
classified as being at high risk, based on 
ASCVD risk scoring, with a CAC score 

TABLE 1 Statin therapy for primary prevention  
of ASCVD4

Benefit group Intensity
Class of  

recommendation

Severe hypercholesterolemia  
(LDL-C ≥ 190 mg/dL)

High Class I

Type 2 diabetes and  
40–75 years of age

Moderate Class I

High Class IIa

Increased PCE 10-year risk score

≥ 7.5% to < 20% Moderate Class I

≥ 20% High Class I

ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein cholesterol; PCE, 
ACC/AHA Pooled Cohort Risk Equations.
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A meta-analysis 
of 28 trials 
demonstrated that 
people > 75 years 
of age had a 24% 
relative reduction 
in major coronary 
events for every 
38.7 mg/dL  
(1.0 mmol/L) 
reduction in LDL-C

of 0 Agatston units, have a significantly 
lower annual mortality than low- or inter-
mediate-risk patients with a CAC score  
> 0 Agatston units.14

•	 20 to 39 years. Focus on evaluation of life-
time ASCVD risk, rather than short-term 
(10-year) risk. Lifestyle modification is the 
primary intervention for younger patients; 
for those with moderate hypercholesterol-
emia (LDL-C, 160-189 mg/dL) and a fam-
ily history of premature ASCVD, however, 
consider statin therapy. For patients with 
LDL-C ≥ 190 mg/dL, lifetime ASCVD risk 
is markedly increased, and high-intensity 
statin therapy is recommended, regardless 
of age. In this group, reassess ASCVD risk 
factors every 4 to 6 years.4

•	 > 75 years, without ASCVD. In this group, 
the benefit of statin therapy is less clear and 
might be lessened by an increased poten-
tial for adverse effects. A meta-analysis of 
28 trials demonstrated that people ages 
> 75 years had a 24% relative reduction in 
major coronary events for every 38.7 mg/dL 
(1.0 mmol/L) reduction in LDL-C, which is 
comparable to the risk reduction seen in 
people ages 40 to 75 years.15

With increasing age, however, the rela-
tive reduction in major coronary events 

with statin therapy decreased,15 although 
other trials have not demonstrated age 
heterogeneity.16 Because people > 75 years 
of age have a significantly higher ASCVD 
event rate, a comparable relative rate 
reduction with statin therapy results in a 
larger absolute rate reduction (ARR) and, 
therefore, a smaller number needed to 
treat (NNT) to prevent an event, compared 
to the NNT in younger people.

Secondary prevention
ACC/AHA guidelines define clinical ASCVD 
as a history of:
•	 acute coronary syndrome
•	 myocardial infarction
•	 coronary or other arterial revascularization
•	 cerebrovascular event
•	 symptomatic peripheral artery dis-

ease, including aortic aneurysm.
High-intensity statin therapy is indi-

cated for all patients ≤ 75 years who have 
clinical ASCVD. In patients > 75 years, 
consider a taper to moderate-intensity 
statin therapy. An upper age limit for see-
ing benefit from statin therapy in second-
ary prevention has not been identified.4

In high-risk patients, if LDL-C 

TABLE 2 Factors that enhance a patient’s risk for ASCVD4

Family history of premature ASCVD (males < 55 y; females < 65 y)

Primary hypercholesterolemia (LDL-C, 160-189 mg/dL; non-HDL-C, 190-219 mg/dL)

Metabolic syndrome (ie, increased waist circumference, elevated TG [> 150 mg/dL], low HDL-C  
[males < 40 mg/dL; females < 50 mg/dL], elevated blood pressure, and elevated glucose level)

Chronic kidney disease (estimated glomerular filtration rate, 15-59 mL/min/1.73 m2, with or  
without albuminuria)

Chronic inflammatory condition (eg, chronic HIV infection, psoriasis, rheumatoid arthritis)

Premature menopause (< 40 y) or history of preeclampsia

High-risk race or ethnicity (eg, South Asian ancestry)

Lipid levels and other biomarkers associated with an increased 10-year risk for ASCVD

•	 Persistent hypertriglyceridemia (≥ 175 mg/dL)

•	 High-sensitivity C-reactive protein ≥ 2.0 mg/La

•	 Lipoprotein A ≥ 50 mg/dL or ≥ 125 nmol/La

•	 Apolipoprotein B ≥ 130 mg/dLa

•	 Ankle–brachial index < 0.9a

ASCVD, atherosclerotic cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
TG, triglycerides.

aIf measured.
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Base a 
recommendation 
for preventive 
intervention, such 
as lipid-lowering 
therapy, on the 
estimated 10-year 
risk for ASCVD

remains ≥ 70 mg/dL despite maximally 
tolerated statin therapy, ezetimibe (dis-
cussed in the next section) can be added. 
In very-high-risk patients, if LDL-C 
remains ≥ 70 mg/dL despite maximally 
tolerated statin therapy plus ezetimibe, 
a proprotein convertase subtilisin/kexin 
type 9 (PCSK9) inhibitor (also discussed 
next) can be added. Always precede ini-
tiation of a PCSK9 inhibitor with a dis-
cussion of the net benefit, safety, and cost 
with the patient.4

Options for lipid-lowering 
pharmacotherapy
•	 Statins (formally, hydroxymethylglutaryl-

coenzyme A reductase inhibitors) offer the 
most predictable reduction in ASCVD risk 
of any lipid-lowering therapy. The evidence 
report that accompanied the 2016 USPSTF 
guidelines on statins for the prevention of 
cardiovascular disease (CVD) stated that 
low- or moderate-dosage statin therapy is 
associated with approximately a 30% rela-
tive risk reduction (RRR) in CVD events 
and CVD deaths and a 10% to 15% RRR in 
all-cause mortality.17

High-intensity statin therapy 
reduces LDL-C by ≥ 50%. Moderate-
intensity statin therapy reduces LDL-C 
by 30% to 49% (TABLE 3).4

Statins are not without risk: A 2016 
report18 estimated that treating 10,000 
patients with a statin for 5 years would 
cause 1 case of rhabdomyolysis, 5 cases of 

myopathy, 75 new cases of diabetes, and 
7 cases of hemorrhagic stroke. The 
same  treatment would, however, avert 
approximately 1000 CVD events among 
patients with preexisting disease and 
approximately 500 CVD events among 
patients at elevated risk but without 
preexisting disease.18

•	 Ezetimibe, a selective cholesterol-absorp-
tion inhibitor, lowers LDL-C by 13% to 20% 
and typically is well tolerated. The use of 
ezetimibe in ASCVD risk reduction is sup-
ported by a single randomized controlled 
trial of more than 18,000 patients with 
recent acute coronary syndrome. Adding 
ezetimibe to simvastatin 40 mg resulted in 
a 2% absolute reduction in major adverse 
cardiovascular events over a median fol-
low-up of 6 years (NNT = 50), compared to 
simvastatin alone.19 ACC/AHA guidelines 
recommend adding ezetimibe to maximally 
tolerated statin therapy in patients with clin-
ical ASCVD who do not reach their goal LDL 
reduction with a statin alone. Ezetimibe also 
can be considered a statin alternative in 
patients who are statin intolerant.4

•	 PCSK9 inhibitors. When added to statin 
therapy, evolocumab and alirocumab—
monoclonal antibodies that inhibit PCSK9—
offer an incremental decrease in LDL-C of 
approximately 60%.20-22 In a meta-analysis 
of 35 trials evaluating the incremental ben-
efit of PCSK9 inhibitor therapy, a significant 
reduction in cardiovascular events, includ-
ing myocardial infarction (ARR = 1.3%; NNT 
= 77), stroke (ARR = 0.4%; NNT = 250), and 

TABLE 3 Daily dosing options for high-, moderate-, and low-intensity statin therapy4

High-intensity options 
(goal: ≥ 50% reduction in LDL-C)

Moderate-intensity options  
(goal: 30%-49% reduction in LDL-C)

Low-intensity options  
(goal: < 30% reduction in LDL-C)

Atorvastatin 40 mg, 80 mg Atorvastatin 10 mg, 20 mg Fluvastatin 20 mg, 40 mg

Rosuvastatin 20 mg, 40 mg Fluvastatin 80 mg Lovastatin 20 mg

Lovastatin 40 mg, 80 mg Pravastatin 10 mg, 20 mg

Pitavastatin 1 mg, 2 mg, 4 mg Simvastatin 10 mg

Pravastatin 40 mg, 80 mg

Rosuvastatin 5 mg, 10 mg

LDL-C, low-density lipoprotein cholesterol.
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Neither niacin 
nor fenofibrate 
is considered 
useful for reducing 
ASCVD risk across 
broad populations

coronary revascularization (ARR = 1.6%; 
NNT = 63) was reported. No significant dif-
ference was observed in all-cause or cardio-
vascular mortality.21,23

•	 Inclisiran, an injectable small-interfering 
RNA that inhibits PCSK9 synthesis, pro-
vides an incremental decrease in LDL-C 
of > 50% in patients already receiving 
statin therapy. Meta-analysis of 3 small 
cardiovascular outcomes trials revealed 
no significant difference in the rate of 
myocardial infarction, stroke, or cardio-
vascular mortality with inclisiran com-
pared to placebo. Larger outcomes trials 
are underway and might offer additional 
insight into this agent’s role in ASCVD  
risk management.24

•	 Omega-3 fatty acids. Multiple trials have 
demonstrated that adding omega-3 fatty 
acids to usual lipid-lowering therapy does 
not offer a consistent reduction in adverse 
cardiovascular outcomes, despite provid-
ing a significant reduction in TG levels. In 
a high-risk population with persistently 
elevated TG despite statin therapy, icosa-
pent ethyl, a purified eicosapentaenoic 
acid ethyl ester, reduced major ASCVD 
outcomes by 25% over a median 4.9 years 
(ARR = 4.8%; NNT = 21), and cardiovascu-
lar death by 20% (ARR = 0.9%; NNT = 111), 
compared with a mineral oil placebo.25 

Subsequent trials, using a corn oil placebo, 
failed to duplicate these data26—raising 
concern that the mineral oil comparator 
might have altered results of the eicosapen-
taenoic acid ethyl ester study.27,28

•	 Bempedoic acid is a small-molecule 
inhibitor of ATP citrate lyase that increases 
LDL uptake by the liver. Pooled data from 
studies of bempedoic acid show, on aver-
age, a 15% reduction in TC, a 23% reduc-
tion in LDL-C, and a 6% increase in 
HDL-C, without a significant change in TG.29 
In statin-intolerant patients, bempedoic 

acid reduced major ASCVD outcomes by 
13% over a median 40 months (ARR = 1.6%; 
NNT = 63), with no significant reduction in 
cardiovascular death.30

•	 Niacin. Two large trials failed to demon-
strate improvement in major cardiovascu-
lar events or other clinical benefit when 
niacin is added to moderate-intensity statin 
therapy, despite a significant increase in the 
HDL-C level (on average, 6 mg/dL) and a 
decrease in the LDL-C level (10-12 mg/dL) 
and TG (42 mg/dL).31,32

•	 Fenofibrate lowers TG and increases 
HDL-C but does not consistently improve 
cardiovascular outcomes.33 In a trial of 
patients with type 2 diabetes and persis-
tent dyslipidemia (serum TG > 204 mg/dL; 
HDL-C< 34 mg/dL) despite statin therapy, 
adding fenofibrate reduced CVD outcomes 
by 4.9%—although this absolute difference 
did not reach statistical significance.34

Neither niacin nor fenofibrate is con-
sidered useful for reducing ASCVD risk 
across broad populations.4

Follow-up to assess progress  
toward goals
Recheck the lipid profile 4 to 12 weeks 
after starting lipid-lowering therapy to 
verify adherence to medication and assess 
response. The primary goal is the percentage 
reduction in LDL-C based on ASCVD risk. An 
additional goal for very-high-risk patients is 
an LDL-C value ≤ 70 mg/dL. If the reduction 
in LDL-C is less than desired and adherence 
is assured, consider titrating the statin dosage 
or augmenting statin therapy with a nonstatin 
drug (eg, ezetimibe), or both.4 ●
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