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ABSTRACT
Lipoprotein measurements are pivotal in the management of patients at risk for
atherosclerotic coronary heart disease (CHD) with myocardial infarction and coronary death as
the main outcomes, and for atherosclerotic cardiovascular disease (ASCVD), which includes
CHD and stroke. Recent developments and changes in guidelines affect optimization of using
lipid measures as cardiovascular biomarkers. This scientific statement reviews the pre-analytical,
analytical, post-analytical, and clinical aspects of lipoprotein measurements. Highlights include
the following: i) It is acceptable to screen with nonfasting lipids. ii) non-high-density lipoprotein
HDL-cholesterol (non-HDL-C) is measured reliably in either the fasting or the nonfasting state
and can effectively guide ASCVD prevention. iii) low density lipoprotein cholesterol (LDL-C)
can be estimated from total cholesterol, high density lipoprotein cholesterol (HDL-C), and
triglyceride (TG) measurements. For patients with LDL-C>100 mg/dL and TG <150 mg/dL it is
reasonable to use the Friedewald formula. However, for those with TG 150-400 mg/dL the
Friedewald formula for LDL-C estimation is less accurate. The Martin/Hopkins method is
recommended for LDL-C estimation throughout the range of LDL-C levels and up to TG levels
of 399 mg/dL. For TG levels >400 mg/dL LDL-C estimating equations are currently not
recommended and newer methods are being evaluated. iv) When LDL-C or TG screening results
are abnormal the clinician should consider obtaining fasting lipids. v) Advanced lipoprotein tests
using apolipoprotein B (apoB), LDL Particle Number (LDL-P) or remnant cholesterol may help
to guide therapeutic decisions in select patients, but data are limited for patients already on lipid
lowering therapy with low LDL-C levels. Better harmonization of advanced lipid measurement
methods is needed. Lipid measurements are recommended 4-12 weeks after a change in lipid
treatment. Lipid laboratory reports should denote desirable values and specifically identify
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extremely elevated LDL-C levels (>190 mg/dL at any age or >160 mg/dL in children) as severe
hypercholesterolemia. Potentially actionable abnormal lipid test results, including fasting
triglycerides (TG) >500 mg/dL, should be reported as hypertriglyceridemia. Appropriate use and
reporting of lipid tests should improve their utility in the management of persons at high risk for
ASCVD events.
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Atherosclerotic cardiovascular disease
Laboratory
Scientific Statement
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I. INTRODUCTION
This statement on the use of lipid measurements from the National Lipid Association
(NLA) summarizes key concepts for clinicians and laboratory scientists to effectively identify
and guide care for atherosclerotic cardiovascular disease (ASCVD) risk assessment and clinical
management. The topics covered include: i) Pre-Analytic Issues, ii) Laboratory Measurement
and Reporting, iii) Post-Analytic Issues, iv) Calculation of low density lipoprotein cholesterol
(LDL-C) Levels, and v) Routine and Advanced Lipid Testing in the care of patients). The
scientific statement builds on prior NLA Statements, including the NLA Recommendations for
Patient-Centered Management of Dyslipidemia,1 and the NLA Expert Panel on the clinical utility
of inflammatory markers and advanced lipoprotein testing.2 Based on the totality of evidence, the
NLA Part 1 Recommendations laid out several core concepts and conclusions. A leading
principle is that an elevated level of cholesterol carried by circulating atherogenic apolipoprotein
B–containing lipoproteins, including non-high-density lipoprotein cholesterol (non-HDL-C) and
LDL-C, is a root cause of atherosclerosis and underlies clinical ASCVD related events. Non–
HDL-C comprises the cholesterol carried by all potentially atherogenic particles, including LDL,
intermediate density lipoprotein (IDL), very low density lipoprotein (VLDL), VLDL remnants,
chylomicron particles, chylomicron remnants, and Lp(a), hence its utility as a cardiovascular
biomarker.3
Overall, the NLA enthusiastically endorsed the recent 2018 American Heart Association
(AHA)/American College of Cardiology (ACC) Multi-Society Guideline on Cholesterol
Management (2018 AHA/ACC Multi-Society Cholesterol Guideline), and this scientific
statement expands on clinical laboratory considerations.4 The current NLA lipid management
statement was developed by a diverse international panel of experts in laboratory medicine,
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research, clinical lipidology, and public health. The NLA Scientific Publications Committee
appointed a Scientific Chair to lead the Laboratory Statement and selected Expert Panel
members. The Chair and Expert Panel members first drafted a set of key clinical questions to be
addressed. Once the key clinical questions were agreed upon, writing assignments were
determined based on the expertise of the contributor. After grading the quality and strength of the
evidence, final recommendations were drafted that required a consensus of at least 60% of the
expert panel before being presented to the NLA Board of Directors for approval. The NLA
expert panel graded the recommendations using the revised ACC/AHA 2015 Evidence-Based
Grading System (Table 1).5 In rating the class (or strength) of a recommendation, consideration
was given to the „„net benefit‟‟ after taking into account potential benefits and risks or harms
associated with the test or intervention. To rate the evidence, consideration was given to
obtaining the highest quality information to support a particular recommendation, such as that
from randomized clinical trials or meta-analysis.
Table 1: Applying Class of Recommendations and Level of Evidence to Clinical
Strategies, Interventions, Treatments, or Diagnostic Testing in Patient Care5
CLASS (STRENGTH) OF RECOMMENDATION
CLASS I (STRONG)
Benefit >>> Risk
Suggested phrases for writing recommendations:
*Is recommended
*Is indicated/useful/effective/beneficial
*Should be performed/administered/other
*Comparative-Effectiveness Phrases†:

LEVEL (QUALITY) OF EVIDENCE‡
LEVEL A
*High-quality evidence‡ from more than 1 RCT
*Meta-analyses of high-quality RCTs
*One or more RCTs corroborated by high-quality
registry studies

Treatment/strategy A recommended/indicated in
preference to treatment B
Treatment A should be chosen over treatment B

CLASS IIb (WEAK)
Benefit > Risk
Suggested phrases for writing recommendations:
*May/might be reasonable
*May/might be considered
*Usefulness/effectiveness is
unknown/unclear/uncertain or not well established
CLASS III No Benefit (MODERATE) Benefit=Risk
Suggested phrases for writing recommendations:
*Is not recommended
*Is not indicated/useful/effective/beneficial
*Should not be performed/administered/other
CLASS III Harm (STRONG)
Risk > Benefit
Suggested phrases for writing recommendations:
*Potentially harmful
*Causes harm

LEVEL B-R
(Randomized)
*Moderate-quality evidence‡ from 1 or more RCTs
*Meta-analyses of moderate-quality RCTs

LEVEL B-NR
(Non-randomized)
*Moderate-quality evidence‡ from 1 or more welldesigned, well-executed nonrandomized studies,
observational studies, or registry studies
*Meta-analyses of such studies
LEVEL C-LD
(Limited Data)
*Randomized or nonrandomized observational or
registry studies with limitations of design or execution
*Meta-analyses of such studies
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*Associated with excess morbidity/mortality
*Should not be performed/administered/other

*Physiological or mechanistic studies in human
subjects
LEVEL C-EO
(Expert Opinion)
*Consensus of expert opinion based on clinical
experience
COR and LOE are determined independently (any COR may
be paired with any LOE)
A recommendation with LOE C does not imply that the
recommendation is weak. May important clinical questions
addressed in guidelines do not lend themselves to clinical
trials. Although RCTs are unavailable, there may be a very
clear clinical consensus that a particular test or therapy is
useful or effective.
*The outcome or result of the intervention should be specified
(an improved clinical outcome or increased diagnostic
accuracy or incremental prognostic information).
†For comparative-effectiveness recommendations (COR I
and IIa; LOE A and B only), studies that support the use of
comparator verbs should involve direct comparisons of the
treatments or strategies being evaluated
‡the method of assessing quality is evolving, including the
application of standardized, widely use, and preferably
validated evidence grading tools; and for systematic review
the incorporation of an Evidence Review Committee
COR indicates Class of Recommendation; EO expert opinion;
LD, limited data; LOE, Level of Evidence; NR,
nonrandomized; R, randomized; and RCT, randomized
clinical trial.

II. LABORATORY PRE-ANALYTIC ISSUES
Questions: What are the important pre-analytical considerations for the best way to prepare a
patient for the collection of a blood sample for lipid and lipoprotein analysis?
Pre-analytical variations result from (1) lifestyle, (2) altered lipid metabolism due to
disease, (3) source of the specimen, and (4) conditions of sample collection.
Ideally, a patient sample should only be collected when the patient is in a stable
metabolic state and does not have a concurrent illness.6 Many diseases, particularly acute
inflammatory conditions, can rapidly change lipid and lipoprotein parameters, making the results
unreliable for assessing long-term ASCVD risk or for predicting response to therapy, which will
be discussed in more detail below. This is also true for measuring lipids in the setting of an acute
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myocardial infarction or stroke. However, according to the 2018 AHA/ACC Multi-Society
Cholesterol Guideline, moderate to high intensity statin should be initiated prior to hospital
discharge in these circumstances regardless of lipid measurements and the person should be
followed routinely as an outpatient. As such, it is reasonable to obtain a lipid panel during the
acute cardiovascular hospitalization, acknowledging the potential limitations, to provide
reference measurements to compare follow up results, and to identify severely elevated LDL-C
levels that could indicate familial hypercholesterolemia.
It has been common practice to advise patients to fast about 8 to 10 hours prior to lipid
testing, but several recent guidelines, including the European Atherosclerosis Society (EAS), the
European Federation of Clinical Chemistry and Laboratory Medicine in 2016 and the 2018
AHA/ACC Multi-Society Cholesterol Guideline now recommend that fasting is unnecessary, at
least for the initial screen.4,7 Plasma triglyceride level is the only commonly measured lipid test
that significantly changes after a meal, and population differences between fasting and nonfasting triglyceride levels are generally less than 15%.7,8 Some studies have reported that
nonfasting lipids may better predict ASCVD risk than fasting levels.8,9 In the case of the elderly,
children, and diabetic patients, fasting may have unintended negative health consequences, such
as hypoglycemia or resulting in missed doses of critical medicines. The main analytical issue
with fasting is that elevated TG can potentially interfere with accurate estimation of LDL-C by
the Friedewald equation, but such confounding can be mitigated if the Martin/Hopkins equation
is used.10 Elevated triglyceride levels in a nonfasting sample should typically be followed up
with a fasting specimen to investigate more carefully the cause of hypertriglyceridemia. Another
consideration for hypertriglyceridemic patients is to utilize non-HDL-C as an alternative
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atherogenic lipoprotein measure. In subsequent evaluations of response to therapy, the nonHDL-C level would be evaluated.
Clinicians should follow the lipid specimen phlebotomy procedure from their clinical
laboratory on the preferred collection tube. Lower total cholesterol and lower LDL-C levels have
been reported for persons sampled in the supine position and to standardize phlebotomy it is
recommended that a venous sample should be obtained with the patient in the sitting position.6
Because of high biological variability, which in the case of TG can be as large as 20% and about
10-12% for both HDL-C and LDL-C, obtaining more than one specimen on different days
should be considered to gain greater certainty about baseline values before initiating lipidlowering drug interventions.
After phlebotomy, collection tube specimens should be quickly stored on ice or
refrigerated in the upright position until laboratory processing. This approach will minimize
hemolysis and shifts in cholesterol between lipoproteins. If more than 6-8 hours will elapse until
laboratory analysis, the specimen should be centrifuged and the plasma (or serum) removed and
stored in a new tube (refrigerated or on ice) for transport to the laboratory to prevent hemolysis,
which can interfere with many lipid assays.
Key Points
 Collect lipid specimens from outpatients in a stable metabolic condition
 For initial screening it is acceptable to obtain nonfasting lipids.
 If fasting or nonfasting triglycerides are elevated (>175 mg/dL, >2 mmol/L),
a follow up fasting lipid measurement is recommended.

Recommendations
Pre-Analytic Issues
Fasting lipid specimens are
recommended for routine
screening4,7
Non fasting lipid specimens are

Class of
Recommendation
(strength)

Levels of
Evidence

I

B-NR

Ilia

B-NR
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reasonable
alternatives
to
fasting specimens for routine
screening7-9,11
It is reasonable to follow up
abnormal non-fasting lipid
measurements, especially TG
levels >175 mg/dL, with fasting
lipid measurements4

IIa

B-NR

III. LABORATORY ANALYTIC ISSUES
Questions: What do the terms accuracy, precision, and laboratory standardization mean, and
how are they best assessed? What are the limitations of currently available assays and how does
the analytical performance of lipoprotein testing affect the clinician interpretation of a result?
How much confidence can clinicians have in clinical laboratory testing for lipids?
Information obtained from laboratory tests is a critical component in the determination
and treatment of ASCVD risk. Appropriate analytical accuracy, precision, and specificity to
classify patients at risk and monitor treatment can be achieved through standardization, a process
by which the analytical performance parameters of a laboratory test are maintained and improved
to meet clinical needs. Information about the process of lipid test standardization can be found at
the Centers for Disease Control (CDC) Clinical Standardization Website.12
Table 2 lists basic information for traditional lipid measurements, including common
sources of variability. The analytical accuracy listed describes how close a measurement result is
to a metrological reference method, which can be considered its “true” value. Analytical
precision describes how close repeated measurements on the same sample are to each other,
whereas total error is an estimate on how much a single measurement on a sample deviates from
its true value. It is calculated by combining the analytical accuracy and precision data. Analytical
performance requirements for traditional lipid measurements were developed for both bias
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(deviation from the true value) and imprecision (deviation from obtaining the same result on the

Table 2: Traditional Lipid Panel Measurements
Measurement
Cholesterol
(TC)

Method

Analytes

Enzymatic

Esterified and
unesterified
cholesterol

Sources of Variability

Bias (%)*
Precision (%CV)
Total Error (%)
1.4
2.6
5.7

same sample).
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Triglycerides
(TG)

Enzymatic

High density
lipoprotein
cholesterol
(HDL-C, direct
HDL-C)

Precipitation
+ Enzymatic

Friedewald
calculated low
density
lipoprotein
cholesterol
(Calc-LDL-C)
Directly
measured low
density
lipoprotein
cholesterol
(dLDL-C)
Non-HDL-C

Calculation

Triglycerides,
diglycerides,
monoglycerides,
free glycerol

Calc-LDL-C =
[TC] –[HDL-C] –
0.20*[TG]

Precipitation
+ Enzymatic

Calculation

[TC]-[HDL-C]

(a) time and composition
of last meal1, (b) time and
composition of last
beverage1, (c) glycerol
kinase deficiency2(1/1500
in the US)
(a) storage temperature
during transportation prior
to analysis1, (b)
precipitation agent3, (c)
time and composition of
last meal1, (d) high TG
levels2, (e) high Lp(a)
levels2
(a) time and composition
of last meal1, (b) time and
composition of last
beverage1, (c) high TG
levels2, (d) high Lp(a)
levels2
a) time and composition
of last meal1, (b) time and
composition of last
beverage1, (d) TG levels2,
(e) HDL-C levels2, (f)
elevated Lp(a) levels2

0.4
3.8
6.7

3.4
5.3
12.2

2.0
4.8
9.9

6.1
5.1
14.6

Same as for TC and HDLC

1.2
3.3
6.7

Standard Lipid Profile
Quality Assessment Programs: Clinical laboratories providing routine services to patients
must maintain CLIA (Clinical Laboratory Improvement Amendments of 1988) certification as
administered by the Center for Medicare & Medicaid Services (www.CMS.gov). Analytical
accuracy and precision of most routine lipid measurements used in clinical practice in the USA
can be assessed by active enrollment in a proficiency testing program like the one offered by the
College of American Pathologists (CAP) Biannual Lipid Surveys. The individual lab receives
specimens with unknown values and reports their test results to the CAP, which may include
Total Cholesterol, HDL-C, Non-HDL-C, LDL-C, TG, Lp(a), Apolipoprotein A1 (apo AI), and
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Apolipoprotein B (apo B). Reporting of results to the CAP includes specification of the
laboratory analyzer platform and the assay method. Performance results are communicated to
the individual laboratories by analyzer platform and assay method. For example, total cholesterol
level measurements within 1-2% of the target value signify good performance. Table 2 shows the
typical performance for commonly measured lipoproteins. In addition to the CAP or local state
proficiency programs, some laboratories may also choose to participate in the voluntary lipid
standardization program administered by the Centers of Disease Control (CDC)
(www.cdc.gov/labstandards/lsp.html). This program is a rigorous performance assessment over
time to help assure high accuracy and precision for observational and clinical trial research. The
key lipid analytes for the CDC standardization program have been total cholesterol, HDL-C, and
TG. Certified reference materials for assay calibration such as those available from the National
Institute for Standards and Technology (NIST) currently do not exist for low levels of LDL-C.
These are currently guideline directed treatment targets and are urgently needed.
Total cholesterol: (TC): TC in plasma comprises cholesterol esters and free cholesterol
on all circulating lipoproteins. Measurement is typically undertaken with coupled enzymatic and
chemical reactions. Substances in the sample that could interfere with these reactions include
ascorbic acid, bilirubin, TG, and hemolysis. In general, tests for TC are well standardized and
similar results are obtained by different methods.
HDL cholesterol: HDL-C is now commonly measured by homogeneous assays, which
are also called direct assays, because they can be fully automated. Precipitation based assays are
now mostly used by research or specialty laboratories. Most assays remove non-HDL particles,
including VLDL, LDL and Lp(a), through either masking or precipitation prior to measurement
of the remaining cholesterol. Because these particles can vary in size and composition, the
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precipitation and different masking reagents used with HDL-C assays may not always
completely and consistently remove all non-HDL particles such as Lp(a). These issues can lead
to inconsistent measurement results among the different HDL-C assays, particularly for the
homogeneous assays that use specific reagents of various types to selectively expose and directly
measure the cholesterol associated with LDL particles. Although data from the CAP surveys
suggests that HDL-C assays on average across different samples show sufficient accuracy for
routine use (bias measurements ranged between -5.4% and 4.8% in healthy patients), biases
between -8.6% and 8.8% have been observed in patients with primary dyslipidemia and
ASCVD.13 These findings imply that HDL-C measurements may be less accurate in some
patients with dyslipidemias.
Triglycerides (TG): Methods for determining plasma TG concentration involve
enzymatic hydrolysis of mono-, di- and triglycerides into glycerol and free fatty acids followed
by enzymatic measurement of total serum glycerol. TG measurements can occasionally be
confounded by elevated free glycerol in plasma. Glycerol is generated as part of normal
metabolic processes, but the concentration is usually less than 5-20 mg/dL. Certain conditions,
however, may lead to elevated free glycerol levels, such as in some rare genetic diseases such as
glycerol kinase deficiency, intravenous administration of drugs or nutrients, or prolonged storage
of blood without refrigeration. A clear plasma sample with TG >200 mg/dL should be assayed
for glycerol. Although not widely available, some TG assays perform a „blanked‟ TG
measurement, which refers to the TG concentration obtained by measuring glycerol levels in the
sample before and after the complete hydrolysis of existing TG. Overall, accuracy and precision
of most TG assays are relatively good and appear to meet current clinical requirements, but it is
important to realize there is a high biological variability for TG.
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LDL cholesterol (LDL-C): The most common method for reporting LDL-C level is by
use of the Friedewald formula, which estimates the cholesterol content in TG-rich lipoproteins
(VLDL particles) as 0.2 x TG, whereby (LDL-C) = (TC) – (HDL-C) – (0.2 x TG) in mg/dL
units. Because of a negative bias associated with elevated TG levels, fasting specimens are
preferred for the Friedewald calculation and the LDL-C estimate is considered inaccurate for TG
> 400 mg/dL. As discussed in more detail below, alternative LDL-C equations that are less
affected by TG have been developed.14-17
LDL-C can also be directly measured, but it is not routinely performed by many clinical
laboratories, in part because of the additional cost. Ultracentrifugation to assay LDL-C has been
used in the past, but that method is not commonly used today. Homogeneous assays that directly
measure LDL-C with proprietary chemicals that mask the non-LDL particles have become
popular, but the methods vary in performance. As with direct HDL-C assays, the accuracy of
direct LDL-C assays depends on the specificity of the masking reagents. The accuracy of these
LDL-C measurements decreases with increasing TG levels.18
Non-HDL-C: Non-HDL-C is calculated from the standard lipid panel where [Non-HDLC] = [TC] – [HDL-C]. Non-HDL-C levels are very highly correlated with apoB measurements.
Non-HDL-C does not require TG measurement and thus it is accurately determined in samples
from fasting or nonfasting individuals.4,19-21
Key Points
 LDL cholesterol can be estimated from total cholesterol, HDL-C, and TG
determinations, using the approach of Friedewald, Martin/Hopkins, or
Sampson.
 Non-HDL-C is determined reliably when fasting or nonfasting
 Advanced lipoprotein tests (e.g., LDL particle number, small dense LDL-C,
remnant cholesterol) lack appropriate standardization and cross
comparison of these tests utilizing different measurement techniques is
difficult.
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Recommendations
Laboratory Measurement and Reporting

Class of
Recommendation
(strength)

Levels of
Evidence

I

B-NR

It is recommended that lipid laboratories participate in
programs that monitor accuracy and precision 4,7

IV. LABORATORY POST ANALYTIC ISSUES
Question: What information should laboratories include in lipid lab reports to optimize clinical
utility?
Table 3 shows a recommended format for laboratories to report lipid measurements for
adults. The reference values for the clinically common values as well as those that are
sufficiently outside normal limits should cause the clinician to be alerted. These were developed
from a variety of published sources.4,22,23 Unlike many other laboratory tests, lipid measurements
are best reported based on the “ideal” range in terms of cardiovascular disease risk prevention.
The 2018 AHA/ACC Multi-Society Cholesterol Guideline, co-authored by representatives from
many leading medical organizations, including the National Lipid Association, specifically
delineated specific goals or cut points for lipid tests across different patient domains, including
primary prevention, familial hypercholesterolemia, and secondary prevention, with consideration
of the magnitude of each patient‟s individual risk and tolerance for therapy.4

Table 3: Example of a Lipid Measurement Laboratory Report
Patient Name
Fasting
Yes ( ) No ( )
Measurement
Total
cholesterol
HDL-C
Non-HDL-C

Desirable Values*

Results

High Alert Values*
(Refer to Lipid Specialist)

<200 mg/dL
>40 mg/dL for men
>50 mg/dL for women
<130 mg/dL
<100 mg/dL for ASCVD*
or high risk pts

< 20 mg/dL
>220 mg/dL
Consider inherited hyperlipidemia
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LDL-C

TG

<100 mg/dL
<70 mg/dL for ASCVD or high
risk pts
<150 mg/dL fasting
1
<175 mg/dL nonfasting

<50 untreated
>190 mg/dL
Consider Familial Hypercholesterolemia
500-999 mg/dL – severe
>1000 mg/dL – critical value

*Desirable and Alert values derived various sources.4,22,23

Clinical laboratories often lack patient-specific information to inform clinical decisions
and care, which makes it difficult to know how to best report the result. At this time there is no
consensus, but a common practice is to report an abbreviated table of cut points for each analyte.
This approach can cause the laboratory report to be cluttered, which may inhibit the
identification of abnormal test results. Therefore, some clinical laboratories have elected to use
criteria based on the general population or on patients at intermediate ASCVD risk. In the effort
to prevent the advancement of vascular disease, the clinician should assess the individual patient
and provide a range of acceptable values for the circumstances.
Clinically relevant cut points are much lower for pediatric versus adult populations.4,24,25
In addition, HDL-C concentrations in adults are typically higher in women than in men, and in
Blacks versus Whites. For Lp(a), there are also significant racial/ethnic differences and
significantly higher levels in Blacks than in other ancestral groups. Results can vary across
different methods, particularly for some more advanced lipid tests; therefore, the clinical
laboratory should make available the name and/or vendor of the specific test used. For LDL-C
reporting, the specific method used should also be noted.
Unlike other laboratory tests, lipid and lipoprotein test results usually do not require
prompt medical action, but the NLA does recommend reporting some alert values. Adults with
LDL-C > 190 mg/dL should be flagged to alert the patient and clinician aware that this is a high
risk finding that is suggestive of familial hypercholesterolemia (FH) and the likely need for
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aggressive LDL-C lowering.4 Such a diagnosis may also require further laboratory investigation
in the patient and family members. Similarly, TG >500 mg/dl should be identified as severe
hypertriglyceridemia because of elevated risk for ASCVD events and acute pancreatitis for TG >
1,000 mg/dL.4 In addition, any extreme low or high values for total cholesterol, HDL-C, or other
lipid and lipoprotein tests may also warrant special attention, suggesting referral to a lipid
specialist. Very low or undetectable HDL-C in familial lecithin acyl transferase (LCAT)
deficiency and very low or undetectable low LDL-C in abetalipoproteinemia are examples of
such diagnoses.26,27

Key Points
 Lipid lab reports are more informative when desirable values are noted
 Extremely elevated LDL cholesterol (>190 mg/dL at any age or >160 mg/dL
in children) should be flagged in lipid reports as severe
hypercholesterolemia, given the possibility of familial
hypercholesterolemia, elevated levels of Lp(a), or potential need for
treatment with high intensity statins
 Triglyceride levels >500 mg/dL should be noted as severe
hypertriglyceridemia

Recommendations
Post Analytic Issues
i)

ii)

iii)

Lipid laboratory reports are
recommended to include common lipid
ranges, and extreme values should be
highlighted for specific measures4
Reporting of measurement accuracy
and precision is reasonable for specific
lab measures 18,28-31
The method used to calculate or
measure LDL-C is recommended to be
described in lab reports18,28

Class of
Recommendation
(strength)

Levels of
Evidence

I

B-NR

IIa

Ia

B-NR

B-NR
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LDL-C in adults >190 mg/dL is
recommended to be reported as severe
hypercholesterolemia 32,33
Non-HDL-C in adults >220 mg/dL is
recommended to be reported as
possible inherited hyperlipidemia 34
Non-HDL-C is recommended to be
reported routinely as part of the
standard lipid profile 34
Triglyceride concentration >500 mg/dL
is recommended to be reported as
severe hypertriglyceridemia4

I

I

I

I

B-NR

B-NR

B-NR

B-NR

V. CLINICAL CARE LABORATORY CONSIDERATIONS: GENERAL ISSUES
Question: How often should lipid levels be measured in patients on lipid altering therapy?
As recommended in the 2018 AHA/ACC Multi-Society Cholesterol Guideline, it is
appropriate to measure lipid levels approximately 4-12 weeks after lipid treatment interventions
from either lifestyle changes or medication. Lab testing helps to demonstrate response to therapy
and patient adherence to the treatment program. Patients on stable medication doses that are well
tolerated with lipoprotein values in the desired range, typically undergo lipid testing at 3-12
month intervals.4 Patients taking non-lipid medications known to alter lipid levels may require
more frequent testing, especially when dosage or medication groups are changed (e.g.
immunotherapy, or HIV therapy) For many patients, information from the standard lipid panel
(total cholesterol, HDL-C, TG, and calculated LDL-C) is sufficient to guide therapeutic
decisions.
Question: How should clinicians interpret lipid levels in acutely ill patients?
Lipoprotein cholesterol measurements in hospitalized patients may not accurately reflect
baseline lipid levels observed during or after recovery from an acute illness. For example, an
acute myocardial infarction may depress the atherogenic lipid levels, causing the false
19

impression that lipid levels are not elevated and may not have contributed to the event.7 Lipid
testing within 12 hours of an acute illness or four to eight weeks following the illness is a
potential strategy. It can be challenging to interpret lipoprotein cholesterol levels in persons with
an abnormal metabolic state such as recent major weight changes, diarrhea, or diabetes with poor
glycemic control, or shortly after major surgery. It is important to note that adult patients with
acute or chronic ASCVD, or high-risk patients with diabetes mellitus, should be started on lipid
lowering therapy with statins independent of their initial LDL-C determination.
Evaluation of secondary hyperlipidemia should be a routine part of the approach to
dyslipidemic patients. Excessive alcohol intake, pancreatitis, non-lipid medication side effects
(retinoids, diuretics, beta-blockers, estrogen, tamoxifen, HIV infection and its treatments,
atypical anti-psychotic medications, androgens, and corticosteroids), hepatic disease, nephrotic
syndrome, uncontrolled diabetes, hypothyroidism, hyperthyroidism, primary biliary cholangitis,
and HIV infection are examples of habits, medications, and diagnoses that should be considered.
In many cases, the secondary cause of dyslipidemia should first be addressed before starting
conventional lipid-lowering therapy.
Question: What should be the frequency of lipid testing for persons undergoing lipid apheresis
or injectable lipid medications, such as PCSK9 monoclonal antibodies.
For persons on lipid apheresis, lipids are typically measured immediately before and after
the apheresis procedure. To assess response to therapy with injectable lipid-lowering
medications, it is recommended that the number of days since the last injection and the time
interval between injections be considered when evaluating response to therapy.
Key Points
 Obtain lipid measurements 4-12 weeks after a change in lipid treatment
 Acutely ill patients may have lower lipid levels. Results from inpatient lipid
testing may require follow up outpatient lipid testing.
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Recommendations

Class of Recommendation

Levels of

General Clinical Care

(strength)

Evidence

I

B-NR

I

B-NR

IIa

B-NR

Lipid measurements are recommended
at 3-12 months for those on a stable
medication regimen
Lipid measurements are recommended
4-12 weeks after a change in lipid
treatment4
It is recommended to follow up abnormal
screening lipid measurements with a
fasting lipid measurement

VI. LDL CHOLESTEROL ESTIMATION BY THE LABORATORY: LDL-C
ASSESSMENT
Questions: Which LDL-C assay methods or calculation methods(s) can be used? What is the
accuracy of the different approaches?
In the absence of a cost-effective, accurate, and widely available direct method of
measuring LDL-C, the assessment of LDL-C in clinical trials and in clinical practice has largely
relied on calculation of LDL-C. The most commonly used method to estimate LDL-C has been
the Friedewald equation,14 which is simple and accurate in most patients with LDL-C >100
mg/dL and TG <150 mg/dL. When the Friedewald equation was published in the 1970s, it was
recognized that the accuracy of the equation was problematic in patients with lower LDL-C
values and higher TG.
At higher triglyceride and/or low LDL-C levels, the Friedewald equation underestimates
LDL-C.16,35,36 For example, in patients with LDL-C <70 and TG 200-399 mg/dL, the median
underestimation of LDL-C by the Friedewald equation was 18 mg/dL (5th to 95th percentile 7 to
36 mg/dL).49 About 60% of such patients classified by Friedewald estimation as having LDL-C
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<70 mg/dL had measured LDL-C of >70 mg/dL.37 A major concern is that LDL-C
underestimation can lead to less aggressive treatment and in turn worse clinical outcomes.
Increased prevalence of high triglyceride states, such as diabetes and obesity, and novel lipid
lowering medications, such as PCSK9 inhibitors can complicate lipid assessment and
interpretation. An option in the setting of TG>500 mg/dL is for the clinician to focus on TG
reduction to less than 500 mg/dl and not to be excessively concerned about the accuracy of the
LDL-C estimation in this situation.
The Friedewald formula was published in 1972 and the Martin/Hopkins equation was
developed in 2013 to improve LDL-C estimates from the levels of TG, HDL-C, and total
cholesterol. The Martin/Hopkins LDL-C estimate was initially standardized to LDL-C measured
using the Vertical Automated Profile method.37 More recently Martin/Hopkins scientific
publications have used classical ultracentrifugation methods as the comparator. The
Martin/Hopkins method replaces the fixed divisor of five for VLDL-C estimation from TG in the
Friedewald method with one of 174 adaptable divisors based on a patient‟s individual non-HDLC and TG values. As with the Friedewald equation, the Martin/Hopkins formula is intended for
samples with TG< 400 mg/dL. The ratios range from 3.1 to 9.5 and are personalized to the
specific lipid levels.38 For example, the Martin/Hopkins equation exhibits an improved overall
accuracy vs. Friedewald of 90.4% vs. 88.2%, 91.4% vs. 87.1%, and 92.6% vs. 84.7%, and
94.0% vs 77.2% in LDL-C groups 130-159 mg/dL, 100-129 mg/dL, 70-99 mg/dL, and <70
mg/dL, respectively.
Across the spectrum of typical population level lipids the Martin/Hopkins approach
provides LDL-C estimates that are highly correlated with results obtained using
ultracentrifugation.39,40 At LDL-C < 70 mg/dL, the Martin/Hopkins estimations have exhibited
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good accuracy.41,42 For LDL-C <70 mg/dL and TG of 150-199 mg/dL, LDL-C estimation
accuracy was 92% with Martin/Hopkins estimation compared to 61% with the Friedewald
equation. At triglyceride levels of 200-399 mg/dL, Martin/Hopkins vs. Friedewald estimates
exhibited 83% and 40% concordance, respectively.38 For example, the 60% misclassification by
Friedewald estimation noted for individuals with LDL-C <70 mg/dL and TG 200-399 mg/dL is
reduced to <20% with Martin/Hopkins estimation. At LDL-C <70 mg/dL approximately 19% of
fasting and 30% of nonfasting specimens exhibited an LDL-C difference ≥10 mg/dL between
LDL-C estimated using the Friedewald equation versus direct measurement cholesterol content
from LDL isolated by ultracentrifugation (Table 4). Such differences were present in 2.2% of
fasting and 2.5% of nonfasting patients when assessed with the Martin/Hopkins equation.

Table 4. Comparison of Friedewald and Martin/Hopkins Methods to Estimate LDL-C
Estimated
LDL-C
(mg/dL)

< 15

< 150
Friedewald Martin/Hopkins

Triglyceride Level (mg/dL)
150–199
Friedewald
Martin/Hopkins

–3.8

–1.5

–15.0

–8.2

–32.5

–10.8

–6.8 to 0.0

–3.2 to 0.4

–17.2 to –

–9.6 to –5.8

–39.0 to –

–15.3 to –6.9

11.4

15 to < 25

25.6

–2.8

–1.5

–13.0

–4.6

–26.1

–6.7

–6.0 to 0.4

–2.7 to 0.0

–15.4 to –

–7.0 to –1.3

–33.2 to –

–10.3 to –3.3

10.6

25 to < 40

200–399
Friedewald
Martin/Hopkins

20.4

–1.6

–1.0

–11.0

–2.7

–21.8

–3.2

–4.8 to 0.8

–2.2 to 0.3

–13.6 to –8.2

–4.9 to –0.3

–28.8 to –

–7.0 to 0.4

16.6

40 to < 50

–1.2

–0.7

–9.8

–1.1

–19.4

–1.4

–4.0 to 1.2

–1.9 to 0.6

–12.4 to –7.2

–3.3 to 1.3

–25.4 to –

–4.7 to 2.1

14.6

50 to < 70

–0.6

–0.2

–8.6

0.0

–17.0

–0.2

–3.2 to 1.4

–1.4 to 1.1

–11 to –6.0

–2.1 to 2.6

–22.6 to –

–3.8 to 3.6

12.4
Total

–0.8

–0.3

–9.0

–0.3

–18.4

–0.5
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–3.4 to 1.4

–1.5 to 1.0

–11.6 to –6.2

–2.4 to 2.3

–24.6 to –

–4.1 to 3.3

13.6)

Modified from Quispe et al.44
Differences reported as median above with 25th to 75th percentiles below, in mg/dL. Differences were
calculated as the estimated LDL-C minus the direct measurement by VAP ultracentrifugation. Negative
values indicate underestimation of LDL-C.

At LDL-C <40 mg/dL, excellent accuracy with Martin/Hopkins estimation was
documented in the FOURIER trial using preparative ultracentrifugation as the reference
standard.42 Overall, a median difference of -2 mg/dL (IQR -4 to 1 mg/dL) was observed for the
Martin/Hopkins equation, versus -4 mg/dL (IQR -8 to -1 mg/dL) with the Friedewald equation.
The correlation with reference LDL-C was significantly higher for Martin/Hopkins vs
Friedewald (ρ, 0.918 (95% CI 0.916-0.919) vs ρ, 0.867 (0.865-0.869), P < .001). In FOURIER
trial participants with TG >150 mg/dL, 50.2% of Friedewald values differed from preparative
ultracentrifugation by >10 mg/dL, predominantly due to underestimation, compared to 10.0% of
Martin/Hopkins values.
A bivariate quadratic equation recently published by Sampson and colleagues from the
National Institutes of Health calculates LDL-C from TG and non-HDL-C.15 This method yields
accurate LDL-C estimates for samples with a TG level up to 800 mg/dL, although it may
underestimate low LDL-C levels.15,43 In samples with normal triglyceride levels, the Sampson
equation yields similar results to the Martin/Hopkins equation at low LDL-C. Additional data
from individuals with low LDL-C are needed to thoroughly evaluate this approach before it can
be more generally recommended for the calculation of LDL-C.
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Key Points
 The Friedewald equation is accurate in most patients when LDL-C>100
mg/dL and TG <150 mg/dL. For LDL-C <100 mg/dL and TG 150-400 mg/dL
the Friedewald formula is less accurate.
 The Martin/Hopkins equation is the preferred method overall and
particularly for LDL-C <100 mg/dL and TG 150-400 mg/dL.
 At higher levels of TG, especially TG>400 mg/dL, there is greater
inaccuracy in LDL-C estimation and estimating equations are currently not
recommended.
Class of
Recommendations

Levels of
Recommendation

LDL-C Estimating Equations

Evidence
(strength)



The Friedewald estimation is
reasonable to use for LDL-C >100
mg/dL and TG <150 mg/dL.37,38
The Martin/Hopkins estimation is
reasonable for LDL-C estimation
throughout the range of LDL-C levels
and up to TG levels of 399 mg/dL.44-46

For TG levels >400 mg/dL, LDL-C
estimating equations are currently
not recommended

IIa

B-NR

IIa

B-NR

IIa

B-NR

VII. ROUTINE AND ADVANCED LIPID MEASURES
LDL-C and Non-HDL-C
Both LDL-C and non-HDL-C have been shown to be excellent lipid measures for
screening, the initial evaluation, and to track patient care and risk for ASCVD outcomes. Many
publications have reviewed and summarized these findings.4,34 Some laboratory experts have
expressed concerns that both LDL-C and non-HDL-C pose challenges for measurement, as there
are elements of ambiguity in how both LDL and HDL are defined.47 Numerous advanced lipid
tests have been developed and are listed in Table 5. The laboratory methods for many of these
advanced lipoprotein assays have been comprehensively reviewed and published.48 Some of
these tests, such as apoB and Lp(a), are now recommended as ASCVD risk enhancers, 49
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Clinicians typically screen patients with traditional lipoprotein cholesterol measures and may
repeat traditional lipid measures such as LDL-C or non-HDL-C to confirm a person‟s lipid
measurements for confirmation. In some instances, for the next step and as part of the initial
evaluation, the clinician may elect to order a more advanced lipid measure and some of these
assays were classified ASCVD risk enhancers in the 2018 AHA/ACC Multi-Society Cholesterol
Guideline. The clinical utility of other advanced lipid tests and the comparative value of the
individual advanced lipid tests is an active area of investigation, and additional evidence is
generally required before they can be routinely recommended. In contrast to traditional lipid
tests, advanced lipid and lipoprotein tests are often not harmonized. New standardization
programs are being developed that will help to minimize this limitation in the future.50 The
following sections provide information on the status for some of the more commonly used
advanced lipid tests.
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Table 5: Other Atherogenic Lipid/Lipoprotein Measures
Measurement

Revised
Calc-LDL-C

Remnant
lipoprotein
cholesterol
(REM-C)

Method
use of different
factors to estimate
cholesterol
contents in TG-rich
lipoproteins
depending on
actual TG
concentrations
precipitation using
a mixture of specific
antibodies
REM-C=TC-LDL-CHDL-C

Sources of
Variability

Bias (%)*
Precision
(%CV)
Total Error (%)

TC
HDL-C
TG

same as of
traditional lipid
profile

N/A

TC
LDL-C
HDL-C

same as
traditional
lipids profile

N/A

Analytes

1.2
CV=3.3
6.7
-27% to +11%
relative
differences vs IN
CV=14.1%
N/A

Non-HDL-C*

calculation

TC-HDL-C

same as for
TC and HDL-C

Apolipoprotein B
(apoB)**

immunoturbidometr
y, nephelometry,
ELISA

apoB

immunoassay

HDL-P
subclasses;
VLDL-P, LDL-P,
HDL-P, sizes

nuclear magnetic
resonance (NMR)

particle count
can change
with software
version.

N/A
CV<5%
M/A

LDL-P and HDLP

electrospray
differential mobility
analysis

count of
different
lipoprotein
particles
particle
count of
different
size
analytes
Cholesterol
in small
dense LDL

operational
parameters
and calibration

N/A
CV=4%
N/A

Gel electrophoresis
N/A
Selective
CV=8%
precipitation
N/A
immunoturbidometr
N/A
Lipoprotein (a)
genetic
y, nephelometry,
apo(a)
CV=11%
Lp(a)
heterogeneity
ELISA
N/A
*Absolute bias, precision and total error based on average values derived from the CAP
2018 ABL-B survey61 and CAP 2019 Participant Summary Report ABL-A 201928
** Estimates based on split sample comparisons across multiple methods with
immunonephelometry (IN) and liquid chromatography mass spectrophotometry (LC-MS) as
the key comparators, reported by Delatour and colleagues.50
Small dense
LDL-C
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Apolipoprotein B (apoB) is a protein present in all atherogenic particles, such as LDL,
IDL, VLDL, and Lp(a). Each lipoprotein particle contains only one apoB molecule; therefore,
apoB levels provide information about the number of atherogenic particles present in plasma.
ApoB measurements are less affected by TG and can be accurately measured in samples from
fasting and nonfasting individuals.4 ApoB is currently classified as a risk enhancer for patients at
intermediate risk for ASCVD, according to the 2018 AHA/ACC Multi-Society Cholesterol
Guideline.4 Unfortunately, apoB assays have not yet been formally standardized.
LDL Particle Measures (Nuclear Magnetic Resonance (NMR) and Ion-Mobility
Electrospray Differential Mobility Analysis (ES-DMA). Several assays based on different
technologies such as NMR and ES-DMA have been developed for the determination of lipid
particles and related subclasses. These assessments aim to quantify the number of atherogenic
particles in plasma based on different physical and/or chemical characteristics, such as size,
density and/or presence of certain apolipoproteins.
Nuclear magnetic resonance has been used to specifically measure a spectrum of
lipoprotein particle sizes according to the proton signal from the methyl group on lipids. The
number of particles corresponding to different lipoprotein subclasses can be reported, e.g. total
triglyceride-rich lipoprotein-particles (TRL-P), small TRL-P, large TRL-P, total LDL-P, small
LDL-P, large LDL-P, total HDL-P, small HDL-P, and large HDL-P.51 LDL-P can also be
measured by mass spectroscopy, using ion-mobility ES-DMA and is offered by a number of
reference laboratories. Because assays for particle number are based on different physical
principles, they are not well standardized across the methodologies and results may differ when
the same assay is used across other lab instruments, as in the case of NMR. Consequently,
results are difficult to compare across the different lab methods and interpretation of the findings
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is customized to the specific reference ranges developed for each method.7,23 Because of this
issue, clinical laboratories should always state the specific LDL particle method used when
results are reported.
Ion Mobility: Lipoprotein subfraction concentrations can be estimated with an ion
mobility method that utilizes gas-phase differential electrophoretic macromolecular mobility and
involves electrosprayed particles that pass through a particle-charge neutralizing chamber. LDL
peak diameter, three VLDL sizes, six LDL sizes, and two HDL sizes are typically reported. The
intra-assay coefficient of variation for LDL particle size was <1% and the intra-assay variation
for the LDL subfractions was <20%.52 Data comparing results using results using this method to
traditional and to advanced lipoprotein levels are generally not available. A particular need is
evidence for the utility of this method in persons with low levels of atherogenic lipoproteins
(LDL-C, non-HDL-C) measured by traditional methods.
Remnant cholesterol: Remnant-Cholesterol (REM-C) can be calculated with the
following formula: [REM-C] = [TC] – [LDL-C] – [HDL-C]. With this approach, LDL-C can be
estimated by the Friedewald equation or can be measured directly with a homogenous method.
REM-C represents cholesterol in all triglyceride-rich remnant lipoproteins, such as VLDL, and
chylomicrons. Because the original definition of LDL based on ultracentrifugation included
cholesterol on IDL, the above calculation may not include IDL-C, depending on how LDL-C is
measured or estimated. REM-C can be highly affected by recent food intake, and calculated
REM-C is highly correlated with TG levels. In addition to calculated REM-C, immunocapture
based assays have been developed in which cholesterol on particles on VLDL remnants
(apolipoprotein B-100) and chylomicron remnants (apolipoprotein B-48) are directly measured.53
Directly measured REM-C is less closely associated with TG levels and may provide additional
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information to guide clinical decisions. Other specialized assays have also been developed to
measure cholesterol in remnant-like particles.53,54 Overall, we lack information on the utility of
these REM-C assays in persons known to have low levels of atherogenic lipoproteins measured
by traditional methods.
Small Dense LDL-C: Interest in the measurement of small dense LDL started with the
clinical observation that patients with an “atherogenic phenotype”, characterized by an increased
abundance of small dense LDL over larger LDL particles, appeared to experience increased
ASCVD risk.55 This phenotype is associated with higher apoB levels, is more common in men
than in women, and often occurs in a variety of conditions, including the obesity,
hypertriglyceridemia, the metabolic syndrome, diabetes, and chronic kidney disease,
postmenopausal status. The mean percentage of LDL-C as small dense LDL-C is typically higher
in both men and women with CHD than controls (P < 0.01).56 CETP-mediated lipid exchange
along with lipolysis of increased TG may be the key drivers for higher concentrations of small
dense LDL. Until recently, small dense LDL could only be measured by technically demanding
density gradient ultracentrifugation or by non-denaturing gel electrophoresis, but a direct assay
to measure the cholesterol content of small dense LDL was recently approved by the FDA and
the assay can be performed on routine chemistry analyzers.57 Because of the inverse relationship
between LDL-C and TG, patients with this atherogenic phenotype frequently do not have
significantly elevated LDL-C, but they do have predominantly small dense LDL particles. These
patterns may explain why small dense LDL-C has been shown in several large epidemiologic
studies to be more closely related to ASCVD risk than LDL-C.
Lipoprotein (a) [Lp(a)] is a class of lipoprotein that is structurally related to LDL and
contains apoB-100, as well as apolipoprotein(a) [apo(a)]. It represents a specific class of
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atherogenic particles and is an independent risk factor for ASCVD. The clinical utility of Lp(a)
was recently reviewed in a recent statement from the NLA58 Lp(a) elevations are for the most
part genetically determined, but can also be elevated with low estrogen levels, severe
hypothyroidism, and chronic kidney disease.58 Lp(a) assays are not well standardized and
information on the analytical accuracy and precision of Lp(a) assays used in patient care is
limited. Lp(a) particles are typically heterogeneous due to remarkable inter-individual variation
in the size of the defining apo(a) lipoprotein, and some assays have limitations as measurements
are based on an assay calibrator of fixed size. Except for a few research laboratories, many
commercial methods continue to use different calibrators with values traditionally assigned in
mg/dL that may not accurately reflect the number of Lp(a) particles. Some experts have
suggested that measuring Lp(a) or apo(a) molarity may provide greater accuracy.59,60 For the
measurement of Lp(a) the NLA specifically recommends use of an immunochemical assay that
is calibrated against the WHO/IFCCLM secondary reference material. The preferred reporting
measurement is in nmol/L.58
According to data from the 2018 College of American Pathologists ABL-B laboratory
survey, Lp(a) assay variability, expressed as coefficient of variation, can be as high as 26% CV.
The precision of most Lp(a) assays ranges between 10% to 12% and appears to be independent
of TG levels.61 Despite deficiencies in Lp(a) measurement accuracy, a recent NLA scientific
statement that focused on Lp(a) and its clinical utility concluded that Lp(a) levels could help
guide clinical management of patients.58 The 2018 AHA/ACC Multi-Society Cholesterol
Guideline classified Lp(a) measurement as a risk enhancer that could help to guide care for
persons at intermediate ASCVD risk. Measuring Lp(a) may also be valuable in patients with a
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strong family history of ASCVD, patients who do not fully respond to statin therapy, or those
who go on to have an ASCVD event while on evidence-based lipid-lowering therapy.58
VIII. SPECIFIC CONSIDERATIONS FOR TRADITIONAL AND ADVANCED LIPID
TESTING
Question: For high-risk patients with LDL-C below 70 mg/dl on treatment, which
lipid/lipoprotein measures are most appropriate to assess residual atherogenic burden?
For patients at high ASCVD risk with LDL-C < 70 mg/dl, the current threshold for
potential further intervention, residual atherogenic burden may be ascertained by assessing
measures of other lipid measurements beyond LDL-C. The three most widely used assays to
assess this residual burden are non-HDL-C, apoB and LDL-P. In general, these measurements
are more likely to be discordant from LDL-C in the presence of elevated plasma TG and/or low
HDL-C. In patients with hypertriglyceridemia, there is elevation of triglyceride-rich lipoproteins,
which contain both cholesterol and apoB. The cholesterol within triglyceride-rich lipoproteins
has been given various names, such as VLDL-C or REM-C, where (REM-C) = (Total-C)- (HDLC) – (LDL-C). Perhaps the most accurate designation for the mechanistically active component
is triglyceride-rich lipoprotein cholesterol (TRL-C). These measurements are not synonymous,
but pragmatically represent equivalent levels of atherogenic cholesterol that are elevated in
patients with hypertriglyceridemia. There is increasing evidence that TRL-C is at least equivalent
in atherogenicity to LDL-C, but interventional trials that target lowering this cholesterol moiety
are lacking. An ongoing clinical trial (PROMINENT) that assesses pemafibrate to reduce
cardiovascular outcomes by reducing TG in patients with diabetes may provide evidence to
further lower TRL-C when LDL-C is well controlled. A level of TRL-C < 30 mg/dl is considered
desirable. Since non-HDL-C represents [(LDL-C) + (TRL-C)] a desirable level would be < 100
mg/dl once LDL-C is less than 70 mg/dL.
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In the presence of hypertriglyceridemia apoB is elevated not only due to the presence of
apoB on triglyceride-rich lipoproteins, but also because of CETP mediated exchange of
triglyceride for cholesterol with LDL. During this process, LDL particles become triglyceride
enriched and after further hydrolysis by lipases, they become smaller and denser. Since each
LDL particle contains one apoB molecule, the more abundant smaller LDL particles result in a
significant elevation of total apoB. Therefore, measurements of apoB or LDL-P may effectively
identify a patient with an increased ASCVD risk due to a higher atherogenic lipoprotein burden.
These patients may benefit from additional therapy to lower apoB/LDL-P by taking higher doses
of statins, adding ezetimibe or PCSK9 inhibitors, but data from clinical trials are lacking on this
topic. Quantile levels for the United Kingdom Biobank and the Framingham Heart Study are
shown in Table 6 for LDL-C, Non-HDL-C, and apoB.62,63

Table 6 Atherogenic Lipid Measures and Percentiles in UK Biobank and
Framingham Heart Study62,63
Lipid
20th
40th
60th
80th
Measure
Study
Percentile Percentile Percentile Percentile
(mg/dL)
UK Biobank
115
130
150
170
LDL-C
Framingham Heart
110
120
139
160
Study
UK Biobank
140
160
180
200
Non-HDL-C Framingham Heart
119
143
163
187
Study
UK Biobank
90
100
110
125
ApoB
Framingham Heart
78
91
103
118
Study

Question: What is the utility of non-HDL-C measurement?
Increased concentrations of non-HDL-C, which is simply the difference between the
concentration of total cholesterol and HDL-C, are highly associated with the development of
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ASCVD events when evaluating persons at screening.20 Measurement of non-HDL-C is not
affected by fasting status and at low concentrations of atherogenic lipids this moiety can be
readily estimated from results of the standard lipid panel. Several meta-analyses support both the
superiority of non-HDL-C and apoB over LDL-C for both ASCVD risk assessment and for ontreatment risk assessment. One meta-analysis compared the standardized relative risk ratios for a
standard deviation increment of the ASCVD risk hazard ratio for apoB, LDL-C and non-HDL-C.
The investigators reported that apoB was the most potent marker of relative risk reduction (RRR)
for ASCVD (RRR, 1.43; 95% CI, 1.35 to 1.51), followed by non-HDL-C (RRR, 1.34; 95% CI,
1.24 to 1.44) and LDL-C (RRR, 1.25; 95% CI, 1.18 to 1.33).20 Another meta-analysis from the
Emerging Risk Factor Collaboration Group showed in 26 observational studies, including 19,581
participants with 12, 234 events, similar prognostic value for non-HDL-C and apoB, with HRs
per 1-SD increase of 1.27 (95% CI, 1.22-1.33) and 1.24 (95% CI, 1.19-1.29) respectively.64
Investigators have reported a meta-analysis in 2012 of eight statin clinical trials with ontreatment lipid measurements.65 The adjusted hazard ratio (HR) with 95% confidence intervals
(CI) for ASCVD events per standard deviation were 1.13 (95% CI, 1.10-1.17) for LDL-C, 1.16
(95% CI, 1.12-1.19) for non–HDL-C, and 1.14 (95% CI, 1.11-1.18) for apoB. The effect sizes
were significantly higher for non–HDL-C than for LDL-C (P=.002) and apoB (P=.02). The
hazard ratios for the apoB and LDL-C (P=.21) effects were not statistically significant. A
Bayesian meta-analysis led by Robinson involved patients from 25 randomized clinical trials
with statins, ezetimibe, fibrates, niacin, diet, and ileal bypass surgery. The authors reported that
apoB reductions did not consistently improve risk prediction over LDL-C and non-HDL-C
decreases. In analyses of statins, decreases in apoB added information to LDL-C and non-HDL-

34

C decreases for predicting coronary heart disease. but not for stroke or overall cardiovascular
disease risk.66
Question: When is it helpful to measure apoB?
Recently published guidelines differed as to apoB measurement advice. For example, the
2018 AHA/ACC Multi-Society Cholesterol Guideline states that measurement of apoB can be
considered if the presence of risk-enhancing factors would alter management, and a relative
indication for measurement of apoB is present for TG > 200 mg/dL. On the other hand, the 2020
European Society of Cardiology/European Atherosclerosis Society (ESC/EASD) has
recommended apoB measurement for risk assessment, especially when any of the following are
present: high TG levels, diabetes mellitus, obesity, metabolic syndrome, or very low LDL-C
levels. The European guidance is that apoB, if available, can be used as the primary
measurement for screening, diagnosis, and management, and may be preferred over non-HDL-C
in people with high TG levels, DM, obesity, or very low LDL-C levels.67 Lending strength to the
importance of apoB concerning vascular disease risk are recently reported Mendelian
randomization analyses that support the theory that triglyceride rich particles and apoB
containing particles are pathogenic for ASCVD events.4,68
While the most emphasis has been placed on LDL-C when estimating risk, it has been
advocated that apoB is an excellent predictor of cardiovascular events since it includes the major
atherogenic lipoproteins, including LDL-C, Lp(a), VLDL-C and IDL-C.20,48 An American
Association of Clinical Chemistry Working Group reviewed the utility of apoB and LDL-P
versus LDL-C. They concluded that both apoB and LDL-P have been shown to be “consistently
stronger risk factors than LDL-C.” 69 However, both Framingham and the UK Biobank
investigators have compared the general efficacy of predicting cardiovascular disease incidence
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with traditional lipids (total cholesterol) versus apoB. The authors concluded there was no
advantage to using the apolipoprotein assays.63,70
It is unclear what apoB level is the appropriate threshold above which to begin or intensify
therapy, but the clinical consensus is that apoB > 130 mg/dL is high (roughly equivalent to LDLC > 160 mg/dL (noted in the 2018 AHA/ACC Multi-Society Cholesterol Guideline) or nonHDL-C > 200 mg/dL as shown in Table 6) and < 90 mg/dL is desirable. The 2018 AHA/ACC
Multi-Society Cholesterol Guideline stated that an apoB level > 130 mg/dL favors starting statin
lipid-lowering therapy in primary prevention. The 2020 European Society of Cardiology
(ESC)/EASD Guideline advocates that apoB >65, >80, and >100 mg/dL for persons at very high,
high, and moderate ASCVD risk respectively, should lead to intensification of lipid therapy.67
The 2015 NLA Recommendations previously recommended different cut points for apoB based
on NHANES III data.2,34 The clinical thresholds recommended by the NLA were apoB < 80
mg/dL for high-risk patients and < 90 mg/dL in primary prevention. The 2015 NLA
recommendations did not specify a level of apoB to begin statin therapy in primary prevention
and no specific recommendation was made for very high-risk patients other than the presumption
that lower was better. For cross reference purposes an apoB >110 mg/dl corresponds
approximately to an LDL-C of 140-150 mg/dL in the United Kingdom (UK) Biobank or
Framingham Study data. For more information concerning relatively equivalent levels of LDL-C
and apoB see Table 6.
The development of a primary reference method is a logical next step to increase confidence
in apoB measurement.71 Traceability of apoB measurement to the World Health Organization
apoB reference material and standardization would be extremely helpful, and the assays should
exhibit specificity, robustness, and precision.50,71 A recent study from the Multi-Ethnic Study of
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Atherosclerosis (MESA) that compared the utility of three different apoB assays reported that
these methods were not well harmonized, and that discordance in assay results was common at
apoB concentrations >100 mg/dL.72 Another investigation that focused on measurement across
10 different laboratories identified results that were not equivalent for assays of non-HDL
particles and apolipoprotein B-100. The authors suggested that liquid chromatography-mass
spectrometry may be the most accurate method and can at least serve as a reference method.50
Aside from using apoB for either ASCVD screening, or for assessing the response to lipid
lowering therapy, apoB may also be useful to help diagnose certain lipid disorders, such as
Familial Combined Hyperlipidemia and Familial Dysbetalipoproteinemia. Familial Combined
Hyperlipidemia is polygenic and often has a familial inheritance pattern and is strongly
associated with premature ASCVD. Other potential uses for apoB include helping to make the
diagnosis of elevated levels of Lipoprotein X, a condition that can occur in primary biliary
cholangitis. Affected patients present with very high total cholesterol levels and are found to
have low levels of apoB despite elevated total cholesterol levels. Lastly, the diagnosis of type III
dyslipidemia, or familial dysbetalipoproteinemia, can be made by assessing apoB and
determining the ratios of TC/apoB and TG/apoB.73-75
Question: What is the utility of assaying LDL particle number?
LDL particle number (LDL-P) is the concentration of LDL per volume, as opposed to the
weight of LDL-C per volume that is more routinely measured. For a given level of LDL-C, a
higher particle number represents smaller and usually denser LDL, which is considered more
atherogenic than a lower concentration of large particles.75,76 The utility of LDL-P has been
compared to LDL-C and other measures as a predictor of ASCVD risk in several studies.
Unfortunately, the results obtained with different LDL-P assays are not interchangeable, which
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hinders assessment of their clinical utility. In Framingham, no advantage for LDL-P as
measured by a NMR method developed by LipoScience (Morrisville, NC) was observed beyond
traditional lipids for the occurrence of initial ASCVD events, and similar results were obtained in
the Women‟s Health Initiative.77,78 Progression of atherosclerotic disease was assessed in the
Familial Atherosclerosis Treatment Study (FATS), a clinical trial that included 160 adults who
received aggressive lipid interventions versus usual care. The primary findings were that
favorable changes in traditional lipid measures LDL-C and HDL-C were associated with less
progression of coronary artery disease evaluated by quantitative coronary angiography. Post hoc
analyses with gradient gel electrophoresis, NMR spectroscopy and ion mobility demonstrated
that advanced lipid measures were associated with coronary artery disease progression and the
effects were independent of the traditional lipoprotein cholesterol measures.76
Both LDL particle size and LDL particle (LDL-P) number have been assessed in efforts to
improve ASCVD risk assessment. The published data generally show that LDL-P is more
informative than LDL particle size.2 A high LDL-P is frequently associated with
hypertriglyceridemia, where excessive TG-metabolism more commonly involves the LDL
particle. In general, LDL-P is a better predictor of ASCVD risk than LDL-C and LDL size
measurements add little in ASCVD prediction beyond LDL-C levels. It is unclear if this is
because it also represents excess risk due to hypertriglyceridemia, or because the small, dense
particle is inherently more atherogenic. When LDL-P and LDL-C are discordant, risk is more
closely associated with LDL-P when measured by the LipoScience NMR method.79,80 Recent
analyses have published data that relate discordance between LDL and HDL particle and
cholesterol concentration. Dichotomous discordance is defined where the LDL-C is greater or
equal to the median and LDL-P is less than the median, or vice versa. Continuous discordance
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analyses have also been used. As an example, MESA investigators have reported that LDL
discordance and higher LDL-P in metabolic syndrome patients and higher LDL-C and lower
HDL-P in persons with diabetes were predictive of ASCVD events.80 Generally, similar results
have been demonstrated in Framingham, INTERHEART, and the Health Professionals Study.81
The 2018 AHA/ACC Multi-Society Cholesterol Guideline does not comment on the utility of
LDL-P measurements.4 Measurement of LDL-P may be considered when there is evidence of or
concern for hypertriglyceridemia and/or insulin resistance. LDL-P measurement may also be
considered in those with a personal or family history of ASCVD to help understand if a high
particle number is contributing to risk. If LDL-P is elevated, the first-line management strategy
should be LDL-C lowering with statin therapy. If the LDL-C is already well controlled with
statin and/or alternative therapy, hypertriglyceridemia and/or insulin resistance is likely
responsible for elevated LDL-P levels. Hypertriglyceridemia and/or insulin resistance should be
targeted, starting with lifestyle modification. A general consideration is that measurement of
LDL-P in much of the population (persons with low to normal triglyceride levels or with
relatively normal to mildly elevated HDL-C) does not provide useful information to guide
treatment beyond traditional lipoprotein cholesterol information.
Question: What is the utility of remnant-cholesterol (REM-C) testing?
A limited number of reports have investigated associations of remnant lipoprotein data to
ASCVD risk. An early report using a REM-C immunocapture assay showed a statistical
association with CHD prevalence in Framingham women.53 CHD incidence was also associated
with REM-C assessed by VAP in a combined Framingham-Jackson Heart Study cohort.45 In
ARIC, REM-C measured by an automated detergent based homogeneous assay was associated
with incident CHD in minimally adjusted analyses but not after adjustment for traditional lipid
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measures.54 High RLP-C levels have been associated with ASCVD risk in a Scandinavian
cohort.82 A recent study reported strong correlations for remnant cholesterol effects but little
agreement concerning the mean differences observed.83 More studies comparing the utility of
the different REM-C assays to help predict ASCVD events and comparison of effects to other
advanced atherogenic lipid assays are needed.
Question: What is the utility of small dense LDL-C (sdLDL-C)?
Small dense LDL-C was better than LDL-C as a CHD predictor in MESA participants, but
only in subjects without diabetes and after adjustment for other covariates.84 The risk for CHD
incidence in the top quartile vs lowest quartile for sdLDL-C was HR=2.41, (95% CI 1.33-4.35)
vs 1.75 (95% CI=1.10-2.80) for LDL-C. In MESA analyses small LDL-P assayed by NMR was
not associated with increased risk for CHD. In the ARIC Study, the largest investigation in
which sdLDL-C was measured, the top quartile versus the lowest quartile of sdLDL-C was
strongly associated with CHD incidence (HR=1.51, 95% CI 1.21-1.88) in a multivariable
analysis that included traditional ASCVD risk factors. The LDL-C top quartile of risk for CHD
was similarly increased (HR=1.68, 95% CI=1.42-1.99). A subgroup analysis in ARIC
participants with relatively low LDL-C also demonstrated increased risk in those with higher
sdLDL-C. Unfortunately, no comparisons were available for LDL-P effects in the ARIC
analyses. Overall, the MESA and ARIC results demonstrated relatively similar HRs for CHD
risk in comparisons of top quartile vs bottom quartile for sdLDL-C vs LDL-C, but the analyses
did not demonstrate a definite benefit for sdLDL-C. The sdLDL-C is now FDA approved and
uses technology that is widely available in most clinical laboratories. Future studies may reveal
how to best utilize small dense LDL-C.85
Question: When should Lp(a) be measured?
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Lp(a) is elevated in approximately 20% of the population and is strongly associated with
increased risk of ASCVD events. A Writing Group of the NLA recently reviewed and published
recommendations for Lp(a) measurement.58 Their strongest recommendations included using
Lp(a) assays that have been calibrated against established reference material, or measurement in
persons to refine risk assessment in adults when premature ASCVD (<55 y of age in men; <65 y
of age in women) has occurred in an individual or in other family members. Additionally,
persons with primary severe hypercholesterolemia (LDL >190 mg/dL), suspected FH, or persons
at very high risk of ASCVD should have Lp(a) measured to better define those who are more
likely to benefit from PCSK9 inhibitor therapy. The 2018 AHA/ACC Multi-Society Cholesterol
Guideline has also identified Lp(a) as a risk enhancer test in patients at intermediate risk.4

Key Points
 Both LDL-C and non-HDL-C have considerable utility to assess ASCVD risk
and residual risk
 Measurement of apoB may help to guide therapy in persons as part of the
initial lipid evaluation in selected patients
 Measurement of apoB may help to guide therapy in persons on lipid
therapy
 Measurement of LDL-P may help to guide therapy in persons after initial
lipid evaluation in selected patients, but LDL-P assays are not
standardized.
 Measurement of Lp(a) can help to guide therapy in persons with primary
hypercholesterolemia or those at very high risk to develop ASCVD events.
 Advanced lipoprotein tests (e.g., LDL particle number, small dense LDL-C,
or remnant cholesterol) lack appropriate standardization and cross
comparison of these tests utilizing different measurement techniques is
difficult.
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Recommendations
Laboratory Measurements and Reporting

Laboratory
Measurement
LDL-C

Non-HDL-C

Apolipoprotein
B

NMR lipoprotein
testing for
LDL-P†

Screening/Initial Evaluation
Class of
Recommendation/
Recommendation
(Levels of
Evidence)
LDL-C measurement is
recommended for
I
4,34
screening
(B-NR)
Non-HDL-C
measurement is
I
recommended for
(B-NR)
2,20
screening
Apolipoprotein B
measurement may be
IIb
reasonable for initial
(B-NR)
20,88,89
evaluation
Apolipoprotein B
measurement is
recommended to facilitate
the diagnosis of Familial
73
Dysbetalipoproteinemia
and Familial Combined
Hyperlipidemia
NMR lipoprotein testing
for LDL-P may be initial
77,78,80
evaluation

On Therapy
Recommendation
LDL-C measurement
is recommended on
4,86
lipid therapy
Non-HDL-C
measurement is
recommended on
23,65,87
lipid therapy

Apolipoprotein B
measurement is
reasonable on lipid
69,87
therapy

Class of
Recommendation/
(Levels of
Evidence)
I
(B-NR)
I
(B-NR)

IIa
(B-NR)

IIa
(B-NR)

IIb
(B-NR)

Ion Mobility
ES-DMA

Ion Mobility ES-DMA
testing may be
reasonable for initial
91
evaluation

IIb
(B-NR)

Remnant
Cholesterol

Remnant cholesterol
measurement is not
recommended for initial
45,53,54,82
evaluation

III
(C-LD)

Small Dense
LDL-C

Small dense LDL-C
measurement may be
reasonable for initial
56,57,92
evaluation
Lipoprotein (a)
measurement is
reasonable for initial
evaluation in patients with
premature ASCVD, family
history of premature
ASCVD or of elevated
Lp(a), history of LDL-C
>190 mg/dL or suspected
FH, or those with very
58
high ASCVD risk.

NMR lipoprotein
testing for LDL-P is
reasonable on lipid
69,75,90
therapy
Ion Mobility ES-DMA
testing is reasonable
for patients on lipid
76
therapy
Remnant cholesterol
measurement is not
recommended on
lipid therapy

IIa
(B-NR)

IIa
(B-NR)

III
(C-LD)

Small dense LDL-C
measurement is not
III
recommended on
(C-LD)
85
lipid therapy
Lipoprotein(a)
Lipoprotein (a)
IIa
measurement may be
IIb
(B-NR)
reasonable on lipid
(B-NR)
therapy to determine
those who may
benefit from PCSK9
therapy who are
already on maximal
dose statin therapy ±
ezetimibe, whose
LDL-C remains above
58
70 mg/dl.
† NMR testing is performed with a variety of laboratory devices and comparisons across the methods are generally
not available
IIb
(C-LD)
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SUMMARY
The main goal of lipid testing is accurate identification of persons at high risk for
ASCVD and the relevant science continues to evolve. Methods used to measure or calculate
LDL-C from conventional lipid measurements are likely to be refined. Specialized evaluations of
atherogenic lipid levels are generally not needed to assess patients prior to the initiation of
aggressive lipid altering therapy. LDL-C, non-HDL-C or apoB are all well documented to be
worthy targets of therapy and their reduction predicts lower risk for major cardiovascular clinical
events in proportion to the decrease in concentration. Advanced lipid tests are more likely to be
useful in persons already on treatment who have achieved relatively low levels of atherogenic
lipids (LDL-C, Non-HDL-C or apoB), but the bulk of the published evidence has not reported on
this topic. The objective is better clinical outcomes for persons at high risk and providers should
recognize that single assessments of lipid measurements have limitations as prognostic measures.
As a corollary, clinicians should always consider deferring a change in lipid therapy and
repeating traditional lipoprotein assays prior to making changes in treatment. The target of
treatment (LDL-C, non-HDL-C or apoB) and the method of assessing that target should remain
consistent as the effects of therapy are monitored. Changing a target should be based on well
documented information. Table 7 summarizes the key recommendations of the laboratory
writing group and recapitulates the recommendations that were presented earlier with the
keypoints statements.
It is important to be aware that lipid and lipoprotein assays may have similar or even
identical names, but methodologies may differ across the testing platforms and over time the
assay itself may change. There is clinical experience for this trend with advanced lipid biomarker
testing, especially for the LDL particle number assessments.79,93 Cross comparisons of newer
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lipid measurements is challenging at present. To improve interpretation and utility future
research should include crossover comparisons as assay methods are modified. Ideally, new
assays should undergo a standardization or at least a harmonization effort, but even older tests
like apoB have yet to be widely standardized.
Publication of the state-of-the-science of lipid and lipoprotein testing is especially useful
when clinical management guidelines are updated. This has been the case with earlier guidelines
from the United States,94,95 Canada,96 and Europe,23,97 and should continue into the future.
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Table 7
Summary of Recommendations

Strength

Evidence

I

B-NR

IIa

B-NR

IIa

B-NR

I

B-NR

I

B-NR

IIa

B-NR

Ia

B-NR

I

B-NR

I

B-NR

I

B-NR

I

B-NR

I

B-NR

I

B-NR

IIb

B-NR

IIa

B-NR

IIa

B-NR

I
I
I
I
IIb
IIa

B-NR
B-NR
B-NR
B-NR
B-NR
B-NR

Pre-Analytic Issues
Fasting lipid specimens are recommended
Non-fasting lipid specimens are reasonable alternatives to fasting
specimens
It is recommended to follow up abnormal screening lipid measurements
with fasting lipid measurement
Laboratory Measurement and Reporting
It is recommended that lipid laboratories participate in programs that
monitor accuracy and precision
Post Analytic Issues
Lipid laboratory reports are recommended to include common lipid
intervals, therapeutic goals, and flagged values for specific measures
Accuracy and precision reporting is reasonable for specific lab
measures
LDL-C method used is reasonable to describe in lab reports
LDL-C in adults > 190 mg/dL (>160 mg/dl in children) is recommended
to be reported as possible Familial Hypercholesterolemia
Non-HDL-C in adults > 220 mg/dL is recommended to be reported as
possible inherited hyperlipidemia
Non-HDL-C is recommended to be reported as part of the standard lipid
profile
Triglyceride concentration >500 mg/dL is recommended to be reported
as severe hypertriglyceridemia
General Clinical Care
Lipid measurements are recommended at 3-12 months for those on a
stable medication regimen
Lipid measurements are recommended 4-12 weeks after a change in
lipid treatment
Follow up lipid levels may be reasonable to obtain in acutely ill or
recently hospitalized persons
LDL-C Estimating Equations
The Friedewald estimation is reasonable for LDL-C >100 mg/dL and
triglycerides <150 mg/dL
The Martin/Hopkins estimation is reasonable for LDL-C <100 mg/dL
when TG<400 mg/dL
Laboratory Measurement and Reporting
LDL-C measurement is recommended for screening
LDL-C measurement is recommended on lipid therapy
Non-HDL-C measurement is recommended for screening
Non-HDL-C measurement is recommended on lipid therapy
Apolipoprotein B measurement may be reasonable for initial evaluation
Apolipoprotein B measurement is reasonable on lipid therapy
Apolipoprotein B measurement is recommended to facilitate diagnosis
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IIa
B-NR
of Familial Dysbetalipoproteinemia and Familial Combined
Hyperlipidemia
IIb
B-NR
NMR lipoprotein testing for LDL-P† may be reasonable for initial
IIa
B-NR
evaluation
NMR lipoprotein testing for LDL-P† is reasonable on lipid therapy
Ion Mobility ES-DMA testing may be reasonable for initial evaluation
IIb
B-NR
IIa
B-NR
Ion Mobility ES-DMA testing is reasonable for patients on lipid therapy
Remnant Cholesterol measurement is not recommended for initial
evaluation
III
C-LD
III
C-LD
Remnant Cholesterol measurement is not recommended on lipid
therapy
IIb
C-LD
Small Dense LDL-C measurement may be reasonable for initial
III
C-LD
evaluation
Small Dense LDL-C measurement is not recommended on lipid therapy
IIa
B-NR
Lipoprotein (a) measurement is reasonable for initial evaluation in those
with premature ASCVD, family history of premature ASCVD or of
elevated Lp(a), history of LDL-C >190 mg/dL or suspected FH, or those
with very high ASCVD risk.
Lipoprotein (a) measurement may be reasonable on lipid therapy to
IIb
B-NR
determine those who may benefit from PCSK9 therapy who are already
on maximal dose statin therapy ± ezetimibe, whose LDL-C remains
above 70 mg/dl
Strength and evidence according to the grading system used by AHA/ACC (see Table 1)
† NMR testing is performed with a variety of laboratory devices and comparisons across the
methods are generally not available

46

Financial Disclosure:
P.W.F.W discloses that in the past 12 months he has nothing disclose
Other authors disclosures to be inserted

Acknowledgment:
The authors acknowledge the helpful review and critique of the manuscript provided by John
Contois, PhD, New Gloucester, ME, 02460 and the NLA administrative oversight provided by
Kathy Thompson and Vivian Grifantini.

Authors Contributions: All authors contributed to this scientific statement concerning the
conception, scope, and drafting. All authors have approved the version submitted for publication.

47

48

REFERENCES
1.
Jacobson TA, Maki KC, Orringer CE, et al. National Lipid Association Recommendations
for Patient-Centered Management of Dyslipidemia: Part 2. J Clin Lipidol 2015;9:S1-122
2.
Davidson MH, Ballantyne CM, Jacobson TA, et al. Clinical utility of inflammatory markers
and advanced lipoprotein testing: advice from an expert panel of lipid specialists. J Clin Lipidol
2011;5:338-67.
3.
Richardson TG, Sanderson E, Palmer TM, et al. Evaluating the relationship between
circulating lipoprotein lipids and apolipoproteins with risk of coronary heart disease: A
multivariable Mendelian randomisation analysis. PLoS Med 2020;17:e1003062.
4.
Grundy
SM,
Stone
NJ,
Bailey
AL,
et
al.
2018
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the
Management of Blood Cholesterol: A Report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines. J Am Coll Cardiol 2019;73:e285e350.
5.
Halperin JL, Levine GN, Al-Khatib SM, et al. Further Evolution of the ACC/AHA Clinical
Practice Guideline Recommendation Classification System: A Report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J Am Coll
Cardiol 2016;67:1572-4.
6.
Cooper GR, Myers GL, Smith J, Schlant RC. Blood lipid measurements: variations and
practical utility. Jama 1992;267:1652-60.
7.
Nordestgaard BG, Langsted A, Mora S, et al. Fasting is not routinely required for
determination of a lipid profile: clinical and laboratory implications including flagging at
desirable concentration cut-points-a joint consensus statement from the European
Atherosclerosis Society and European Federation of Clinical Chemistry and Laboratory
Medicine. European heart journal 2016;37:1944-58.
8.
Mora S, Rifai N, Buring JE, Ridker PM. Fasting Compared With Nonfasting Lipids and
Apolipoproteins for Predicting Incident Cardiovascular Events. Circulation 2008;118:993-1001.
9.
Bansal S, Buring JE, Rifai N, Mora S, Sacks FM, Ridker PM. Fasting compared with
nonfasting triglycerides and risk of cardiovascular events in women. Jama 2007;298:309-16.
10.
Martin SS, Blaha MJ, Elshazly MB, et al. Comparison of a novel method vs the Friedewald
equation for estimating low-density lipoprotein cholesterol levels from the standard lipid
profile. Jama 2013;310:2061-8.
11.
Langsted A, Nordestgaard BG. Nonfasting versus fasting lipid profile for cardiovascular
risk prediction. Pathology 2019;51:131-41.
12.
List
of
certified
manufacturers.
(Accessed
May
2019,
at
https://www.cdc.gov/labstandards/crmln.html.)
13.
Miller WG, Myers GL, Sakurabayashi I, et al. Seven Direct Methods for Measuring HDL
and LDL Cholesterol Compared with Ultracentrifugation Reference Measurement Procedures.
Clin Chem 2010;56:977-86.
14.
Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without the use of the preparative ultracentrifuge. Clin Chem
1972;18:499-502.

49

15.
Sampson M, Ling C, Sun Q, et al. A New Equation for Calculation of Low-Density
Lipoprotein Cholesterol in Patients With Normolipidemia and/or Hypertriglyceridemia. JAMA
Cardiol 2020;5:540-8.
16.
Martin SS, Blaha MJ, Elshazly MB, et al. Friedewald-estimated versus directly measured
low-density lipoprotein cholesterol and treatment implications. J Am Coll Cardiol 2013;62:7329.
17.
Remaley AT, Sampson M. Accuracy of New Equation to Calculate Low-Density
Lipoprotein Cholesterol-Reply. JAMA Cardiol 2021;6:122-3.
18.
Vesper HW, Wilson PW, Rifai N. A message from the laboratory community to the
National Cholesterol Education Program Adult Treatment Panel IV. Clin Chem 2012;58:523-7.
19.
Boekholdt SM, Arsenault BJ, Hovingh GK, et al. Levels and changes of HDL cholesterol
and apolipoprotein A-I in relation to risk of cardiovascular events among statin-treated
patients: a meta-analysis. Circulation 2013;128:1504-12.
20.
Sniderman AD, Williams K, Contois JH, et al. A meta-analysis of low-density lipoprotein
cholesterol, non-high-density lipoprotein cholesterol, and apolipoprotein B as markers of
cardiovascular risk. Circ Cardiovasc Qual Outcomes 2011;4:337-45.
21.
Sniderman AD, Lamarche B, Contois JH, de Graaf J. Discordance analysis and the Gordian
Knot of LDL and non-HDL cholesterol versus apoB. Current opinion in lipidology 2014;25:461-7.
22.
Kolovou GD, Mikhailidis DP, Kovar J, et al. Assessment and clinical relevance of nonfasting and postprandial triglycerides: an expert panel statement. Curr Vasc Pharmacol
2011;9:258-70.
23.
Langlois MR, Chapman MJ, Cobbaert C, et al. Quantifying Atherogenic Lipoproteins:
Current and Future Challenges in the Era of Personalized Medicine and Very Low
Concentrations of LDL Cholesterol. A Consensus Statement from EAS and EFLM. Clin Chem
2018;64:1006-33.
24.
Gooding HC, Rodday AM, Wong JB, et al. Application of Pediatric and Adult Guidelines
for Treatment of Lipid Levels Among US Adolescents Transitioning to Young Adulthood. JAMA
Pediatr 2015;169:569-74.
25.
Daniels SR. Pediatric guidelines for dyslipidemia. J Clin Lipidol 2015;9:S5-S10.
26.
Zannis VI, Su S, Fotakis P. Role of apolipoproteins, ABCA1 and LCAT in the biogenesis of
normal and aberrant high density lipoproteins. J Biomed Res 2017;31:471-85.
27.
Tarugi P, Averna M. Hypobetalipoproteinemia: genetics, biochemistry, and clinical
spectrum. Adv Clin Chem 2011;54:81-107.
28.
Vesper HW. Educational Discussion: Accuracy Based Lipids. College of American
Pathologists Report 2019.
29.
Miller WG, Budd J, Greenberg N, et al. IFCC Working Group Recommendations for
Correction of Bias Caused by Noncommutability of a Certified Reference Material Used in the
Calibration Hierarchy of an End-User Measurement Procedure. Clin Chem 2020;66:769-78.
30.
Nilsson G, Budd JR, Greenberg N, et al. IFCC Working Group Recommendations for
Assessing Commutability Part 2: Using the Difference in Bias between a Reference Material and
Clinical Samples. Clin Chem 2018;64:455-64.
31.
Miller WG, Schimmel H, Rej R, et al. IFCC Working Group Recommendations for
Assessing Commutability Part 1: General Experimental Design. Clin Chem 2018;64:447-54.

50

32.
Goldberg AC, Hopkins PN, Toth PP, et al. Familial hypercholesterolemia: screening,
diagnosis and management of pediatric and adult patients: clinical guidance from the National
Lipid Association Expert Panel on Familial Hypercholesterolemia. J Clin Lipidol 2011;5:S1-8.
33.
Goldberg AC, Gidding SS. Knowing the Prevalence of Familial Hypercholesterolemia
Matters. Circulation 2016;133:1054-7.
34.
Jacobson TA, Ito MK, Maki KC, et al. National Lipid Association recommendations for
patient-centered management of dyslipidemia: part 1 - executive summary. J Clin Lipidol
2014;8:473-88.
35.
Fukuyama N, Homma K, Wakana N, et al. Validation of the Friedewald Equation for
Evaluation of Plasma LDL-Cholesterol. J Clin Biochem Nutr 2008;43:1-5.
36.
Nauck M, Warnick GR, Rifai N. Methods for measurement of LDL-cholesterol: a critical
assessment of direct measurement by homogeneous assays versus calculation. Clin Chem
2002;48:236-54.
37.
Martin SS, Blaha MJ, Elshazly MB, et al. Friedewald-Estimated Versus Directly Measured
Low-Density Lipoprotein Cholesterol and Treatment Implications. Journal of the American
College of Cardiology 2013;62:732-9.
38.
Martin SS, Blaha MJ, Elshazly MB, et al. Comparison of a novel method vs the friedewald
equation for estimating low-density lipoprotein cholesterol levels from the standard lipid
profile. JAMA 2013;310:2061-8.
39.
Meeusen JW, Lueke AJ, Jaffe AS, Saenger AK. Validation of a proposed novel equation
for estimating LDL cholesterol. Clin Chem 2014;60:1519-23.
40.
Pallazola VA, Sathiyakumar V, Ogunmoroti O, et al. Impact of improved low-density
lipoprotein cholesterol assessment on guideline classification in the modern treatment eraResults from a racially diverse Brazilian cross-sectional study. J Clin Lipidol 2019;13:804-11
41.
Whelton SP, Meeusen JW, Donato LJ, et al. Evaluating the atherogenic burden of
individuals with a Friedewald-estimated low-density lipoprotein cholesterol <70 mg/dL
compared with a novel low-density lipoprotein estimation method. J Clin Lipidol 2017;11:106572.
42.
Martin SS, Giugliano RP, Murphy SA, et al. Comparison of Low-Density Lipoprotein
Cholesterol Assessment by Martin/Hopkins Estimation, Friedewald Estimation, and Preparative
Ultracentrifugation: Insights From the FOURIER Trial. JAMA Cardiol 2018;3:749-53.
43.
Martin SS, Elshazly MB, Jones SR. Letter. JAMA Cardiol 2021;6:121-2.
44.
Quispe R, Hendrani A, Elshazly MB, et al. Accuracy of low-density lipoprotein cholesterol
estimation at very low levels. BMC Medicine 2017;15:83.
45.
Joshi PH, Khokhar AA, Massaro JM, et al. Remnant Lipoprotein Cholesterol and Incident
Coronary Heart Disease: The Jackson Heart and Framingham Offspring Cohort Studies. Journal
of the American Heart Association 2016;5:e002765.
46.
Martin SS, Blaha MJ, Blankstein R, et al. Dyslipidemia, coronary artery calcium, and
incident atherosclerotic cardiovascular disease: implications for statin therapy from the multiethnic study of atherosclerosis. Circulation 2014;129:77-86.
47.
Contois JH, Warnick GR, Sniderman AD. Reliability of low-density lipoprotein cholesterol,
non-high-density lipoprotein cholesterol, and apolipoprotein B measurement. J Clin Lipidol
2011;5:264-72.

51

48.
Clouet-Foraison N, Gaie-Levrel F, Gillery P, Delatour V. Advanced lipoprotein testing for
cardiovascular diseases risk assessment: a review of the novel approaches in lipoprotein
profiling. Clin Chem Lab Med 2017;55:1453-64.
49.
Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA Guideline on the Primary
Prevention of Cardiovascular Disease. Circulation 2019;140:e596-e646.
50.
Delatour V, Clouet-Foraison N, Gaie-Levrel F, et al. Comparability of Lipoprotein Particle
Number Concentrations Across ES-DMA, NMR, LC-MS/MS, Immunonephelometry, and VAP: In
Search of a Candidate Reference Measurement Procedure for apoB and non-HDL-P
Standardization. Clin Chem 2018;64:1485-95.
51.
Otvos JD. Measurement of lipoprotein subclass profiles by nuclear magnetic resonance
spectroscopy. Clin Lab 2002;48:171-80.
52.
Caulfield MP, Li S, Lee G, et al. Direct determination of lipoprotein particle sizes and
concentrations by ion mobility analysis. Clin Chem 2008;54:1307-16.
53.
McNamara JR, Shah PK, Nakajima K, et al. Remnant-like particle (RLP) cholesterol is an
independent cardiovascular disease risk factor in women: results from the Framingham Heart
Study. Atherosclerosis 2001;154:229-36.
54.
Saeed A, Feofanova EV, Yu B, et al. Remnant-Like Particle Cholesterol, Low-Density
Lipoprotein Triglycerides, and Incident Cardiovascular Disease. J Am Coll Cardiol 2018;72:15669.
55.
Hirayama S, Miida T. Small dense LDL: An emerging risk factor for cardiovascular
disease. Clin Chim Acta 2012;414:215-24.
56.
Ai M, Otokozawa S, Asztalos BF, et al. Small Dense LDL Cholesterol and Coronary Heart
Disease: Results from the Framingham Offspring Study. Clin Chem 2010;56:967-76.
57.
Ito Y, Fujimura M, Ohta M, Hirano T. Development of a homogeneous assay for
measurement of small dense LDL cholesterol. Clin Chem 2011;57:57-65.
58.
Wilson DP, Jacobson TA, Jones PH, et al. Use of Lipoprotein(a) in clinical practice: A
biomarker whose time has come. A scientific statement from the National Lipid Association. J
Clin Lipidol 2019;13:374-92.
59.
Stefanutti C, Pisciotta L, Favari E, et al. Lipoprotein(a) concentration, genetic variants,
apo(a) isoform size, and cellular cholesterol efflux in patients with elevated Lp(a) and coronary
heart disease submitted or not to lipoprotein apheresis: An Italian case-control multicenter
study on Lp(a). J Clin Lipidol 2020;14:487-97
60.
Tsimikas S, Fazio S, Viney NJ, Xia S, Witztum JL, Marcovina SM. Relationship of
lipoprotein(a) molar concentrations and mass according to lipoprotein(a) thresholds and
apolipoprotein(a) isoform size. J Clin Lipidol 2018;12:1313-23.
61.
Pathologists CoA. CAP Accuracy BAsed Lipid ABL-B 2018 Participant Summary. College of
American Pathology; 2018.
62.
Contois JH, McConnell JP, Sethi AA, et al. Apolipoprotein B and cardiovascular disease
risk: position statement from the AACC Lipoproteins and Vascular Diseases Division Working
Group on Best Practices. Clin Chem 2009;55:407-19.
63.
Welsh C, Celis-Morales CA, Brown R, et al. Comparison of Conventional Lipoprotein
Tests and Apolipoproteins in the Prediction of Cardiovascular Disease. Circulation
2019;140:542-52.

52

64.
Emerging Risk Factors C, Di Angelantonio E, Gao P, et al. Lipid-related markers and
cardiovascular disease prediction. Jama 2012;307:2499-506.
65.
Boekholdt SM, Arsenault BJ, Mora S, et al. Association of LDL cholesterol, non-HDL
cholesterol, and apolipoprotein B levels with risk of cardiovascular events among patients
treated with statins: a meta-analysis. Jama 2012;307:1302-9.
66.
Robinson JG, Wang S, Jacobson TA. Meta-analysis of comparison of effectiveness of
lowering apolipoprotein B versus low-density lipoprotein cholesterol and nonhigh-density
lipoprotein cholesterol for cardiovascular risk reduction in randomized trials. Am J Cardiol
2012;110:1468-76.
67.
Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS Guidelines for the management of
dyslipidaemias: lipid modification to reduce cardiovascular risk. European heart journal
2020;41:111-88.
68.
Ference BA, Kastelein JJP, Ray KK, et al. Association of Triglyceride-Lowering LPL Variants
and LDL-C-Lowering LDLR Variants With Risk of Coronary Heart Disease. Jama 2019;321:364-73.
69.
Cole TG, Contois JH, Csako G, et al. Association of apolipoprotein B and nuclear
magnetic resonance spectroscopy-derived LDL particle number with outcomes in 25 clinical
studies: Assessment by the AACC Lipoprotein and Vascular Diseases Division Working Group on
Best Practices. Clin Chem 2013;59:752-70.
70.
Ingelsson E, Schaefer EJ, Contois JH, et al. Clinical utility of different lipid measures for
prediction of coronary heart disease in men and women. Jama 2007;298:776-85.
71.
Contois JH, Delatour V. Apolipoprotein B measurement: Need for standardization. J Clin
Lipidol 2018;12:264-5.
72.
Cao J, Steffen BT, Guan W, et al. A comparison of three apolipoprotein B methods and
their associations with incident coronary heart disease risk over a 12-year follow-up period: The
Multi-Ethnic Study of Atherosclerosis. J Clin Lipidol 2018;12:300-4.
73.
Paquette M, Bernard S, Blank D, Pare G, Baass A. A simplified diagnosis algorithm for
dysbetalipoproteinemia. J Clin Lipidol 2020;14:431-7.
74.
Sniderman A, Tremblay A, Bergeron J, Gagne C, Couture P. Diagnosis of type III
hyperlipoproteinemia from plasma total cholesterol, triglyceride, and apolipoprotein B. J Clin
Lipidol 2007;1:256-63.
75.
Otvos JD, Collins D, Freedman DS, et al. Low-density lipoprotein and high-density
lipoprotein particle subclasses predict coronary events and are favorably changed by
gemfibrozil therapy in the Veterans Affairs High-Density Lipoprotein Intervention Trial.
Circulation 2006;113:1556-63.
76.
Williams PT, Zhao XQ, Marcovina SM, Otvos JD, Brown BG, Krauss RM. Comparison of
four methods of analysis of lipoprotein particle subfractions for their association with
angiographic progression of coronary artery disease. Atherosclerosis 2014;233:713-20.
77.
Cromwell WC, Otvos JD, Keyes MJ, et al. LDL Particle Number and Risk of Future
Cardiovascular Disease in the Framingham Offspring Study - Implications for LDL Management. J
Clin Lipidol 2007;1:583-92.
78.
Mora S, Otvos JD, Rifai N, Rosenson RS, Buring JE, Ridker PM. Lipoprotein particle
profiles by nuclear magnetic resonance compared with standard lipids and apolipoproteins in
predicting incident cardiovascular disease in women. Circulation 2009;119:931-9.

53

79.
Otvos JD, Mora S, Shalaurova I, Greenland P, Mackey RH, Goff DC, Jr. Clinical
implications of discordance between low-density lipoprotein cholesterol and particle number. J
Clin Lipidol 2011;5:105-13.
80.
Tehrani DM, Zhao Y, Blaha MJ, et al. Discordance of Low-Density Lipoprotein and HighDensity Lipoprotein Cholesterol Particle Versus Cholesterol Concentration for the Prediction of
Cardiovascular Disease in Patients With Metabolic Syndrome and Diabetes Mellitus (from the
Multi-Ethnic Study of Atherosclerosis [MESA]). Am J Cardiol 2016;117:1921-7.
81.
Carr SS, Hooper AJ, Sullivan DR, Burnett JR. Non-HDL-cholesterol and apolipoprotein B
compared with LDL-cholesterol in atherosclerotic cardiovascular disease risk assessment.
Pathology 2019;51:148-54.
82.
Varbo A, Freiberg JJ, Nordestgaard BG. Remnant Cholesterol and Myocardial Infarction
in Normal Weight, Overweight, and Obese Individuals from the Copenhagen General Population
Study. Clin Chem 2018;64:219-30.
83.
Toth PP, Bays HE, Brown WV, et al. Comparing remnant lipoprotein cholesterol
measurement methods to evaluate efficacy of ezetimibe/statin vs statin therapy. J Clin Lipidol
2019;13:997-1007
84.
Mora S, Szklo M, Otvos JD, et al. LDL particle subclasses, LDL particle size, and carotid
atherosclerosis in the Multi-Ethnic Study of Atherosclerosis (MESA). Atherosclerosis
2007;192:211-7.
85.
Tsai MY, Steffen BT, Guan W, et al. New automated assay of small dense low-density
lipoprotein cholesterol identifies risk of coronary heart disease: the Multi-ethnic Study of
Atherosclerosis. Arteriosclerosis, thrombosis, and vascular biology 2014;34:196-201.
86.
Baigent C, Blackwell L, Emberson J, et al. Efficacy and safety of more intensive lowering
of LDL cholesterol: a meta-analysis of data from 170,000 participants in 26 randomised trials.
Lancet 2010;376:1670-81.
87.
Mora S, Glynn RJ, Boekholdt SM, Nordestgaard BG, Kastelein JJ, Ridker PM. Ontreatment non-high-density lipoprotein cholesterol, apolipoprotein B, triglycerides, and lipid
ratios in relation to residual vascular risk after treatment with potent statin therapy: JUPITER
(justification for the use of statins in prevention: an intervention trial evaluating rosuvastatin). J
Am Coll Cardiol 2012;59:1521-8.
88.
Sniderman AD, Thanassoulis G, Glavinovic T, et al. Apolipoprotein B Particles and
Cardiovascular Disease: A Narrative Review. JAMA Cardiol 2019;4:1287-95.
89.
Sniderman AD, Islam S, McQueen M, et al. Age and Cardiovascular Risk Attributable to
Apolipoprotein B, Low-Density Lipoprotein Cholesterol or Non-High-Density Lipoprotein
Cholesterol. Journal of the American Heart Association 2016;5:e003665.
90.
Otvos JD, Shalaurova I, Freedman DS, Rosenson RS. Effects of pravastatin treatment on
lipoprotein subclass profiles and particle size in the PLAC-I trial. Atherosclerosis 2002;160:41-8.
91.
Musunuru K, Orho-Melander M, Caulfield MP, et al. Ion mobility analysis of lipoprotein
subfractions identifies three independent axes of cardiovascular risk. Arteriosclerosis,
thrombosis, and vascular biology 2009;29:1975-80.
92.
Hoogeveen RC, Gaubatz JW, Sun W, et al. Small dense low-density lipoproteincholesterol concentrations predict risk for coronary heart disease: the Atherosclerosis Risk In
Communities (ARIC) study. Arteriosclerosis, thrombosis, and vascular biology 2014;34:1069-77.

54

93.
Balling M, Langsted A, Afzal S, Varbo A, Davey Smith G, Nordestgaard BG. A third of
nonfasting plasma cholesterol is in remnant lipoproteins: Lipoprotein subclass profiling in 9293
individuals. Atherosclerosis 2019;286:97-104.
94.
Rifai N, Warnick GR, McNamara JR, Belcher JD, Grinstead GF, Frantz ID, Jr. Measurement
of low-density-lipoprotein cholesterol in serum: a status report. Clin Chem 1992;38:150-60.
95.
Warnick GR, Myers GL, Cooper GR, Rifai N. Impact of the third cholesterol report from
the adult treatment panel of the national cholesterol education program on the clinical
laboratory. Clin Chem 2002;48:11-7.
96.
Genest J, McPherson R, Frohlich J, et al. 2009 Canadian Cardiovascular Society/Canadian
guidelines for the diagnosis and treatment of dyslipidemia and prevention of cardiovascular
disease in the adult - 2009 recommendations. Can J Cardiol 2009;25:567-79.
97.
Langlois MR, Nordestgaard BG, Langsted A, et al. Quantifying atherogenic lipoproteins
for lipid-lowering strategies: consensus-based recommendations from EAS and EFLM. Clin
Chem Lab Med 2020;58:496-517.

55

