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ABSTRACT

Among the five major classes of lipoprotein particles,
low-density lipoprotein-cholesterol (LDL-C) is the pri-
mary lipoprotein risk factor for the development of
cardiovascular diseases (CVD) through the promo-
tion of atherosclerotic pathogenesis. Therefore, it is
of paramount importance to accurately measure the
plasma concentration of LDL-C using an appropriate
method to examine the risk of CVD and determine
the efficacy of therapeutic interventions to reduce
the cholesterol level and examine the risk assess-
ment strategy. At present, there is a wide variety of
methods available for LDL-C measurement. In this re-
view, we have outlined the commonly used methods
of LDL-C measurement. These methods have been
classified into non-automated analytical methods,
calculation methods, and automated direct measure-
ment of LDL-C. We have also described some recently
proposed promising calculation methods which are
being considered for clinical adoption. This current
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review could assist the clinicians to have a bet-
ter understanding regarding the measurement
techniques and comparative utilities of differ-
ent methods of LDL-C measurement and guide
them to select an appropriate method based on
accuracy, turnaround time, and cost of test.

00 0% o% o% <%
0.0 0’0 0’0 0’0 0‘0

INTRODUCTION

Lipids are essential for tissue structure and dif-
ferent aspects of function, including energy
storage, cellular membrane formation, insula-
tion of nerve conduction and heat dissipation,
and hormone production (1). Lipids are either
synthesized or absorbed from the diet and
then transported to different tissues to meet
their metabolic needs. Because of a relatively
insoluble nature of lipids, they are transported
in blood to different tissues through packaging
into lipoproteins which are heterogeneous par-
ticles composed of proteins and lipids. Solubility
of lipoprotein is determined by the location of
proteins and polar lipids (e.g., phospholipids,
sphingolipids, fatty acids (FAs) and cholesterol)
at the outer surface of the particles. On the
other hand, nonpolar triglycerides and choles-
terol esters are retained at the core of particles
(2). Based on their hydrated density and elec-
trophoretic pattern, lipoproteins are divided
into five major fractions including chylomicron,
very low-density lipoprotein [VLDL], intermedi-
ate-density lipoprotein [IDL], low-density lipo-
protein [LDL], high-density lipoprotein (HDL),
and lipoprotein (a) [Lp (a)]. Triglycerides and
cholesteryl esters-containing chylomicrons and
VLDL are generated by the intestines and liver,
respectively. Endothelial lipoprotein lipase ac-
tivity in the capillaries of peripheral tissues
converts triglycerides in lipoproteins into free
FAs which is taken up by the tissues with a high
demand for lipids. After losing some triglycer-
ides, chylomicron and VLDL are converted into

smaller and denser remnant lipoproteins and
IDL, respectively, which are taken up and recy-
cled by the liver. The taking up of remnant lipo-
proteins and IDL by the liver is mediated by the
interaction between apolipoprotein E (apoE) on
remnant lipoproteins/IDL and hepatic low-den-
sity lipoprotein receptor (LDLR) or LDLR-related
protein. However, if remnant lipoproteins/IDL
loses nearly all of their triglycerides through the
lipoprotein lipase-mediated conversion of tri-
glycerides into free FAs while they are still in cir-
culation, they become too small to carry apoE
which results in an inappropriate clearance of
remnant lipoproteins/IDL from circulation by
the liver. These smaller and denser lipoproteins
are called LDL which is rich in cholesteryl ester/
cholesterol (2).

In the clinical context, the term ‘lipids’ is kind of
synonymously used for cholesterol due to the
long-studied association between cholesterol
and cardiovascular disease (CVD). Although a
remarkable progress has been made in its treat-
ment and prevention, CVD remains the single
most common cause of death in the United
States. Plasma cholesterol has an essential bi-
ological function as a structural component of
cellular membranes and a precursor of many
essential compounds including vitamin D, bile
salts, and hormones. However, plasma choles-
terol can accumulate on arterial wall leading
to plaque formation which can eventually re-
sult in myocardial infarction upon rupture (3).
Because LDL is the principle carrier of choles-
terol in blood, low-density lipoprotein-choles-
terol (LDL-C) level is used as a major risk factor
for future CVD development (4). Due to the
strong and positive association between LDL-C
and CVD, the 2018 American Heart Association/
American College of Cardiology (AHA/ACC)
guideline on managing blood cholesterol em-
phasizes target level of LDL-C as a benchmark
on directing prevention and management strat-
egies of the Atherosclerotic CVD (5). Therefore,

Page 283
eJIFCC2022Vol3304pp282-294



S.M. Touhidul Islam, B. Osa-Andrews, Patricia M. Jones, Alagar R. Muthukumar, Ibrahim Hashim, Jing Cao
Methods of low-density lipoprotein-cholesterol measurement: analytical and clinical applications

a precise and accurate measurement of the
concentration of circulating LDL-C using an ap-
propriate method has become the cornerstone
of cardiovascular risk assessment for the past
decades. As per the recommendations of the
National Cholesterol Education Program (NCEP)
Working Group on Lipoprotein Measurement,
methods used to measure the plasma level of
LDL-C should give results equivalent to those
used to establish the epidemiologic database
that was used to develop the recommenda-
tions for risk evaluation (6). Currently, a variety
of methods of LDL-C measurement are clinically
available. In the present review, we have delin-
eated widely used methods of LDL-C measure-
ment which are classified into non-automated
analytical methods, LDL-C calculation, and au-
tomated direct measurements including their
merits and limitations.

NON-AUTOMATED ANALYTICAL METHODS

The analytical methods of LDL-C measurement
are usually considered as reference methods.
Commonly studied analytical methods are Beta-
guantification, vertical spin density gradient
ultracentrifugation-based vertical auto-profile,
gradient gel electrophoresis, high-performance
liquid chromatography, proton nuclear magnet-
ic resonance spectroscopy (*H-NMR), and ion
mobility (Table 1). Due to their long turnaround
time, non-suitability for automation, and re-
guirement of expert technologists for opera-
tion, these non-direct methods are not used in
a regular clinical laboratory setting. Rather, they
are used as reference for the validation of other
clinically suitable methods of LDL-C measure-
ments using method comparison.

Beta-quantification

Beta-quantification is the precursor to the con-
temporary reference method adopted by NCEP
in 1995. The name of the assay is originated
from the location of LDL in the beta region upon

electrophoretic migration of lipoprotein parti-
cles in early studies. This is the gold standard
method for LDL-C measurement adopted from
the National Institute Health (NIH) laboratory
(6-8). An aliguot of plasma at native density of
1.006 g/mL is ultracentrifuged which separates
VLDL and chylomicrons on the floating layer
(d < 1.006 g/mL) over the infranatant contain-
ing IDL, LDL, Lp (a), and HDL (d > 1.006 g/mL).
Concentration of cholesterol in the bottom lay-
er fraction is measured by treating with hepa-
rin and manganese (Il) chloride solution to pre-
cipitate the apoB containing particles (IDL, LDL,
Lp (a)) and the precipitate is removed by cen-
trifugation. After centrifugation, HDL is the only
particle that remains in the solution. Then the
concentration of HDL cholesterol is measured,
and the concentration of LDL cholesterol is de-
termined by subtracting the HDL concentration
from the cholesterol concentration measured
in the bottom fraction containing IDL, LDL, Lp
(a), and HDL [d > 1006 g/mL cholesterol] (equa-
tion I). Concentration of VLDL-C in the discarded
ultra-centrifugal supernatant fraction is mea-
sured by subtracting the cholesterol concentra-
tion measured in the bottom fraction [d > 1006
g/mL cholesterol] from the total concentration
of cholesterol measured in the initial aliquot
of plasma before ultracentrifugation (equation
[1) (9). It is preferred to calculate VLDL-C than
direct measurement in the ultra-centrifugal su-
pernatant as it is difficult to recover cholesterol
in this fraction, especially at a high concentra-
tion of triglyceride.

[LDL-C] = [d > 1006 g/mL cholesterol] — [HDL-C] (1)

[VLDL-C] = [Total cholesterol] - [d > 1006 g/mL
cholesterol] (Il)

Because beta-quantification of LDL-Cignores
the amount of IDL and Lp (a) in the precipitate,
the term non-HDL-C is widely used, which re-
flects the cholesterol contents of all atherogenic
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lipoproteins (non-HDL=TC-HDL-C) in several
guidelines. One important shortcoming of beta-
guantification is the heterogeneity and lack of
molecular specificity as it cannot distinguish the
concertation of LDL-C from the concentration of
IDL-C and LP (a)-C. Both IDL and Lp (a) particles
contribute to the total cholesterol measurement
in the precipitated fraction. Thus, the measured
concentration of LDL-C is always higher than the

Table 1

Analytical methods

Merits

actual concentration, particularly in the cases of
patients with CVD and the individuals who are
at risk of developing CVD because of dyslipid-
emias. However, the elevated concentration of
LDL-C measured by beta-quantification due to
the inclusion of IDL-C and Lp (a)-C is considered
beneficial to the clinical performance as both
of IDL-C and Lp (a)-C are atherogenic in nature
(9, 10). Furthermore, the NCEP Working Group

Limitations

Cannot distinguish LDL-C from
IDL-C and LP (a)-C

Beta-quantification

Vertical spin density gradient
ultracentrifugation-based
vertical auto-profile

Gradient gel electrophoresis

High-performance liquid
chromatography

Proton nuclear magnetic
resonance spectroscopy

lon mobility

Highly standardized and high
resolution

Separate LDL-C from IDL-C and
LP (a)-C

Directly measures cholesterol
in different fractions of
lipoproteins

Can determine both particle
concentration and diameter

Can determine both particle
concentration and diameter

High throughput quantification
of particle size/concentration

No preanalytical sample
preparation is required

High resolution separation
and measurement of particle
concentration and size

Tedious and requires large
amount of sample

Tedious and requires large
amount of sample

Tedious, time consuming,
and resource intensive

Resource intensive and requires
expertise

Cholesterol concentration cannot
be not directly measured

Requirement of costly
equipment and expertise

Cholesterol concentration cannot
be not directly measured and
requires special equipment and
expertise
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on Cholesterol Measurement has suggested
that LDL-C values should not be corrected for
the presence of other atherogenic lipoproteins
so that they could also be kept under consid-
eration, not only LDL-C, during the treatment
regimen (11).

Vertical spin density gradient
ultracentrifugation-based vertical auto-profile

In vertical spin density gradient ultracentrifuga-
tion method, lipoprotein particles are separated
and analyzed in three distinguished steps. First,
a two-layer density gradient is established by
dispensing saline solution in a tube and then un-
der-layering with diluted serum. Then the tubes
containing two-layer density gradients are ultra-
centrifuged. Second, following centrifugation,
different layers of lipoproteins (HDLs being the
particles of highest density are located at the
bottom, VLDLs being the particles of least den-
sity are located at the top, and LDLs having the
density between HDLs and VLDLs are located
at the middle of the tube) are drained from the
bottom of the tube and analyzed for determin-
ing cholesterol concentration using a continuous
flow of cholesterol-specific enzymatic reagent
through a narrow bore tubing. This instrumen-
tation is called vertical auto-profile (VAP) analyz-
er. Third, as the reaction mixture flows through
the tubing, absorbance of the corresponding
colored-product, which is directly proportional
to the cholesterol concentration of each class of
lipoproteins, is measured using a spectrophoto-
metric detector.

Because it directly measures the concentration
of cholesterol in different fractions of lipopro-
teins, vertical spin density gradient ultracen-
trifugation-based VAP gives a high accuracy of
LDL-C. Another important aspect of vertical
spin density gradient ultracentrifugation-based
VAP is that it separates IDL and Lp (a) from LDL,
therefore, the cholesterol concentration of LDL
particles is not confounded with that from IDL

and Lp (a). Thus, VAP may represent a better
reference method of LDL-C quantitation than
beta-quantitation (12, 13).

Gradient gel electrophoresis

Using gradient gel electrophoresis, not only the
cholesterol concentration of lipoprotein but
also the size of the lipoprotein particles can be
determined. In this method, serum samples are
mixed with a loading solution, and then load-
ed to 2%-16% polyacrylamide gradient gels. To
determine the size of particle, different stan-
dards having different diameters are used, such
as bovine albumin, thyroglobulin, and serum
VLDL. Besides, it is also important to use an in-
ternal standard, e.g., thyroglobulin is added to
each serum sample. To distinguish LDL, gels are
stained with Sudan Red after electrophoresis.
To measure the concentration of LDL-C, gels are
treated with reagent containing cholesterol es-
ter hydrolase, cholesterol oxidase, and catalase
which results in the elimination of HDL, VLDL,
and chylomicrons, whereas LDL is protected.
Then, the concentration of LDL-C is determined
using CHOD-PAP method. To determine the di-
ameters of LDL particles, LDL bands are com-
pared with the calibration curve plotted on the
basis of migration of standards on the gel (14).

LDL particles are heterogeneous due to their
variation in size, density, and lipid composition.
Gradient gel electrophoresis recognizes two dif-
ferent phenotypes of LDL particles. First, pheno-
type A comprises of large and buoyant LDL par-
ticles with a size of more than 25.5 nm. Second,
phenotype B comprises of small and dense LDL
with a size of 25.5 nm or less. Small and dense
LDLs are considered atherogenic because they
readily penetrate the arterial wall. It has been
reported that the risk of coronary artery dis-
ease (CAD) is increased 2 to 3-fold in patients
with short and dense LDL (15, 16). Unlike other
non-automated analytical methods of LDL mea-
surement, gradient gel electrophoresis can be
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used not only to determine the concentration
of LDL-C but also the diameter of lipoprotein
particle.

High-performance liquid chromatography

High-performance liquid chromatography can
determine the lipoprotein profile which in-
cludes both size and composition. To separate
the lipoprotein particles, serum or plasma sam-
ples are pumped into tandemly connected gel
permeation columns. The size of the particles
is determined based on the retention times of
the peaks on an observed chromatogram. To
determine the lipoprotein composition, column
effluent is equally split into two lines by a mi-
cro splitter. Each effluent flowing through two
individual split lines are then separately used to
react with cholesterol or triglyceride reagents.
Then, the concentration of cholesterol or tri-
glyceride in an individual split line representing
a particular class or subclass of lipoprotein par-
ticle is determined spectrophotometrically by
continuously monitoring the absorbance (17,
18). Likewise gradient gel electrophoresis, high-
performance liquid chromatography can be
used to determine both size and composition of
lipoprotein particles. Moreover, it can separate
not only the classes but also the subclasses of
particles. This method can identify six LDL sub-
fractions based on their variation in particle size
(16-30 nm) (17, 18).

Proton nuclear magnetic
resonance spectroscopy

Because of a number of various analytical ad-
vantages, 'H-NMR spectroscopy has emerged
as a valuable technique for measuring lipo-
proteins in plasma and serum samples. In this
method, *H-NMR uses the characteristic signals
generated by different lipoprotein classes of dif-
ferent size as the basis of their quantification.
Each class of lipoproteins has Triglycerides and
cholesterol esters inside the particles and has

limited mobility, giving rise to the broadening of
the NMR signals based on the aggregate number
of methyl groups. Cholesterol esters and triglyc-
erides which are located at the core of particles
contribute 3 methyl groups each, whereas phos-
pholipids and unesterified cholesterol which are
located at the surface of the shell contribute
2 methyl groups each. The size of the lipopro-
tein particle determines the number of methyl
groups and thereby, the methyl NMR signals.
Thus, the methyl NMR signals emitted by large
and less dense lipoprotein particles (e.g., VLDL
and LDL) are different from the methyl NMR sig-
nals emitted by smaller and denser lipoproteins
(e.g., HDL).

These signals are independent of the varying
composition and relative amounts of choles-
terol esters, triglycerides, and phospholipids,
and degrees of unsaturation of the lipid fatty
acyl chains. Therefore, the methyl NMR signal
generated by a particular class of lipoproteins
provides a direct measurement of the concen-
tration of that specific class (19-21). Patients
with insulin resistance, observed in metabolic
syndrome and type-2 diabetes, contains a rela-
tively higher number of particles of small dense
LDL (sdLDL). Therefore, LDL particle number is
a better measure of LDL as compared to the
LDL-C (22). Besides LDL particle number, HDL
particle number measured by NMR is also an
important parameter for CVD risk assessment.
In fact, as per key epidemiological and clinical
trials, NMR-measured HDL particle numberis a
better parameter of CVD risk assessment than
HDL-C (23). A limitation of 'H-NMR is that it does
not separate different classes of lipoprotein, and
therefore it only estimates, but does not truly
measure, the class-specific concentration of
cholesterol (20, 21).

lon mobility

Inion mobility, also known as gas phase differen-
tial electrical mobility, gas phase electrophoresis
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is used to separate lipoproteins based on their
size. First, singly charged lipoprotein particles
on aerosol are generated in the electrospray
chamber. The particles are then carried in the
airflow to the differential mobility analyzer. As
the particles pass through the differential mo-
bility analyzer, an electric potential across the
sheath flow causes the particles to drift toward
a collection slit. At any given electrical poten-
tial, particles of a particular size can successfully
be transported through the collection slit and
finally enter a separate air stream that carries
them to a particle counter. In the counter, each
particle is detected by light scattering. Then,
the data is analyzed to provide results on par-
ticle dry diameter, particle concentration, and
mass concentrations. lon mobility can be used
for high-resolution separation and direct quan-
tification of full spectrum of different subclasses
of LDL. Because ion mobility cannot isolate dif-
ferent fractions of lipoprotein particles, it is not
useful for measuring class-specific cholesterol
concentration. LDL-C is estimated based on total
cholesterol and percentage of LDL out of total
lipoproteins. Furthermore, multistep preanalyti-
cal sample processing required for lipoprotein
isolation and ionization is an important limita-
tion (24, 25).

AUTOMATED DIRECT MEASUREMENT

Unlike the analytical methods, automated direct
measurement methods are easily adoptable to a
clinical setting. Heterogeneous selective precipi-
tation and homogeneous methods are the two
well-known types of automated direct measure-
ment of LDL-C (Table 2).

Selective precipitation

There are several methods of LDL-C measure-
ment based on selective precipitation. One im-
portant method is to selectively precipitate LDL-C
with polyvinyl sulfate or heparin at low pH and
then directly measure cholesterol concentration

in the precipitate. It can also be calculated as a
difference between the concentration of total
cholesterol and that in the supernatant (26).
A more specific method is to use polystyrene
beads coated with polyclonal antibodies to apo
A-l and apo E to immunoprecipitate VLDL, IDL,
and HDL and then measure LDL-C is in the filtrate
(27). Selective precipitation method was in good
agreement with beta-quantification, but due
to the requirement of a separate pretreatment
step, it is now outmoded by direct homogeneous
methods (27).

Homogeneous methods

Direct homogeneous methods use autoanalyz-
ers to selectively measure the cholesterol con-
centration in LDL particles. Since the inception
of homogeneous assays in 1998, various meth-
ods are now commercially available used by dif-
ferent manufacturers differing in employed de-
tergents, modified enzymes, and other reagents
allowing selective blocking and solubilization
of lipoprotein classes to achieve LDL specifici-
ty. In Kyowa Medex method, LDL-C concentra-
tionis directly measured by suppressing other
lipoproteins. a-cyclodextrin sulfate is used to
mask cholesterol in chylomicron and VLDL and
polyoxyethylene-polyoxypropylene polyether is
used to block the cholesterol in HDL. Thus, cho-
lesterol from LDL selectively produces colored
product measured spectrophotometrically (28,
29). In Waki and Deika-Senken method, LDL-C
is selectively masked from the initial enzymatic
reaction.

Allthe non-LDL-C produces hydrogen peroxide
which is consumed by catalase. Deprotecting
reagent removes the protecting agent from
LDL. Then the LDL-cholesterol generate hydro-
gen peroxide which eventually produces a col-
ored complex (29-32). Similarly, in International
Reagents Corp. method, first reagent containing
calixarene (a detergent) forms a soluble com-
plex with LDL. Cholesterol esters of HDL-C and
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Table 2

Direct methods

Selective precipitation

Homogeneous methods

Merits

In good agreement with
beta-quantification

Fully automated and rapid

Improved precision/accuracy
from automated pipetting and no
sample preparation

Limitations

Requires additional
pre-treatment

Cost for extra reagents

VLDL-C are hydrolyzed resulting in conversion of
cholesterol to cholestenone hydrazone. Second
reagent, containing deoxycholate, breaks up
the LDL-calixarene complex allowing LDL-C to
produce cholestenone and B-NADH (29, 30). In
Daiichi method, esterase and oxidase present in
the reagent react with the cholesterol from non-
LDL producing colorless product. On the other
hand, cholesterol from LDL generates hydrogen
peroxide producing colored product (29, 30).

Direct homogeneous methods are fully automat-
ed, easy to use, and cost effective. Because of
being automated, they have improved precision
from non-manual pipetting, and accurate con-
trol of timing and temperature (30). However,
direct homogeneous measurements are not
free of inaccuracies, particularly in the case of
dyslipidemias. Bias between 13% and 46% has
been reported between different direct homo-
geneous methods (7, 33). Compared to the cal-
culation methods, direct homogeneous meth-
ods require additional steps of measurement.
Therefore, homogeneous methods must dem-
onstrate obvious advantages in performance
and economics to replace calculation methods.

CALCULATION METHODS

Because inclusion of LDL-C in basic lipid panel
would result in an increased turnaround time
and additional cost, it is a regular practice to
calculate LDL-C from the currently used compo-
nents of basic lipid panel. To date, Friedewald
and Martin/Hopkins are the commonly used
methods for calculating LDL-C. Recently, the
Sampson and extended Martin/Hopkins equa-
tions have been reported to provide more ac-
curate calculations of LDL-C at hypertriglyceri-
demia (Table 3).

Friedewald equation

Friedewald et al. published a groundbreak-
ing article in 1972 which described an equa-
tion to calculate LDL-C concentration to avoid
the use of tedious ultracentrifugation-based
methods (34). Considering its lower cost and
shorter turnaround, Friedewald calculation has
currently become the most widely used meth-
od for routine quantification of LDL-C. In this
method, LDL-C is calculated by subtracting the
concentration of cholesterol within all lipopro-
teins other than LDL from the concentration of
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Table 3

Calculation methods

Friedewald equation

Martin/Hopkins calculation

Sampson equation

Extended Martin/Hopkins
calculation

Merits

Good alternative of direct assay

Quick turnaround and less cost

Gives a more accurate calculation
than Friedewald due to the use of
adjustable factor

Applicable at the triglyceride
concentration up to 800 mg/dL

Applicable at the triglyceride
concentration up to 800 mg/dL

Greater accuracy than the
Friedewald and Sampson

Limitations

Not acceptable when
triglyceride > 400 mg/dL

Not acceptable when
triglyceride > 400 mg/dL

Not free of cholesterol
contami-nation from IDL-C,
and Lp (a)

Not free of cholesterol
contami-nation from IDL-C,
and Lp (a)

total cholesterol. In fasting condition, the major
lipoprotein particles are LDL, HDL, and VLDL.
Therefore, subtraction of concentration of cho-
lesterol in HDL and VLDL from the total choles-
terol concentration represents the estimate of
LDL-C. But, only total cholesterol, HDL-C, and
triglycerides are included in the basic lipid pan-
el. VLDL-C is not a part of basic lipid panel, but
it can be calculated from the serum concentra-
tion of triglycerides. VLDL particles carry most
of the circulating triglycerides in normal fasting
condition. Cholesterol within VLDL particles are
reported to be contained with triglycerides in a
ratio of [triglycerides]:[cholesterol] = 5 (for mg/
dL unit) or 2.26 (for mmol/L) (34-36). Therefore,
VLDL-C is calculated by dividing the concentra-
tion of triglycerides (mg/dL or mmol/dL) by 5 or
2.26, respectively (equation Ill). Then, LDL-C is
estimated by subtracting the concentration of

HDL-C and calculated VLDL-C from the concen-
tration of total cholesterol (equation IV).

VLDL-C = [Triglycerides]/5 ()

LDL-C (mg/dL or mmol/L) = [Total cholesterol] —

1 _ [Triglycerides]
[HDL-C] /5 or 2.26 (V)

In Friedewald calculation, it is assumed that the
subject is fasting, and the triglyceride concen-
tration is less than 400 mg/dL (37). The require-
ment of a fasting condition significantly reduces
the likelihood of triglyceride contribution by
chylomicron. But in non-fasting condition, cir-
culating triglyceride is remarkably contributed
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by chylomicron, 90% of which by mass is triglyc-
eride (38).

In that case, the actual ratio of [triglycerides]:
[cholesterol] in the blood would be higher than 5.
Likewise, when triglyceride concentration is high-
erthan 400 mg/dL (e.g., in hypertriglyceridemia),
the actual ratio of [triglycerides]:[cholesterol]
would also be higher than 5. In such conditions,
[Triglycerides]/5 is not an appropriate estimate
of VLDL-C. Under those circumstances, using
[Triglycerides]/5 as a fixed factor would overesti-
mate VLDL-C and thereby, underestimate LDL-C.
In fact, the Friedewald calculation of VLDL-C has
been found to be most accurate in patients with
a triglyceride concentration of less than 200 mg/
dL (39).

Martin/Hopkins calculation

In Friedewald calculation of LDL-C, triglyceride
concentration is divided by a fixed factor to de-
termine the concentration of VLDL-C assuming
aninvariable ratio of triglyceride:VLDL-C. Given
the inaccuracy of the fixed denominator in the
case of triglycerides levels higher than mg/dL,
Martin/Hopkins calculation was formulated
which replaces the fixed denominator with an
adjustable factor X (equation V). This adjustable
factor X changes following an empirically derived
180-cells strata based on the varying concentra-
tion of triglyceride up to 400 mg/dL and non-HDL
up to 220 mg/dL (40). Although the use of this
adjustable factor improves the accuracy of LDL-C
calculation to some extent compared to the
Friedewald equation, Martin/Hopkins equation is
still not a completely accurate calculation meth-
od and inapplicable in the case of triglyceride
level beyond 400 mg/dL (40, 41). On top of that,
Martin/Hopkins calculation formula for LDL-C is
not available to users/laboratories for free.

LDL-C = [Total cholesterol] — [HDL-C] —

[Triglycerides]/ (V)
X

Sampson equation

Sampson LDL-C equation, also known as the
National Institutes of health equation, used TG
and non—HDL-C as independent variables and
multiple least squares regression to develop a
bivariate quadratic equation for VLDL-C (equa-
tion VI). The equation for VLDL-C was then used
in a second equation for LDL-C calculation (equa-
tion VII). Sampson calculation of LDL-C is similar
to Friedewald calculation in terms of subtract-
ing VLDL-C and HDL-C from total concentration
of cholesterol. Additionally, Sampson equation
includes an intercept and allows the coefficients
to vary for each term which made this equation
a better fit with beta-quantification compared
to Friedewald equation.

Whereas negative biases are sometimes ob-
served for hypertriglyceridemic patients in the
cases of other calculation methods, Sampson
calculation is almost free of such negative bias.
Thus, the use of continuous variables has made
Sampson equation a superior method of calcu-
lation at triglyceride concentration up to 800
mg/dL (42).

VLDL-C = [Triglycerides]
/8.59

[Triglycerides] x [non—HDL—C]/ _
2250

[TriglyceridesZ]/ (V1)
16500

_ _ [Total cholesterol] _
LDL-C = /0.948 — [HDL-C]/0.971
([Triglycerides]/ + [Triglycerides]

8.56

X [non-HDL-C]/ _
2140

[Triglycerides]”2 _
/16100) 9.44 (VII)
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Extended Martin/Hopkins calculation

Extended Martin/Hopkins calculation is a modi-
fied version of the Martin/Hopkins calculation.
Likewise, Martin/Hopkins calculation, Extended
Martin/Hopkins calculation uses an adaptable tri-
glyceride to VLDL-C ratio instead of a fixed one used
inFriedewald equation (equationV).Extended
Martin/Hopkins equation was validated against
vertical density gradient ultracentrifugation for
LDL-C up to 800 mg/dL using an empirically de-
fined table of 240/560/1040-cells of median ra-
tios of TG:VLDL-C based on the varying number
of TG and non-HDL-C strata (41). In a cross-sec-
tional study, the extended Martin/Hopkins cal-
culation was demonstrated to calculate LDL-C
with a greater accuracy as compared with the
Friedewald and Sampson equations in patients
with triglyceride levels of 400 to 799 mg/dL (41).

LDL-C belongs to the category of non-HDL-C that
contains all atherogenic lipoproteins, including
chylomicron, VLDL, LDL, IDL and lipoprotein(a).
In primary CVD prevention, a number of pro-
spective observation studies have reported that
non-HDL-C predicts risk with equal or superior
performance compared to LDL-C. Since VLDL in
non-HDL represents particles rich in triglycer-
ide, which is an independent risk factor of CVD,
current guidelines list non-HDL-C as secondary
therapeutic target of CVD prevention in addi-
tion to LDL-C. The clinical utility of non-HDL-C is
beyond the scope of this review (43-45).

CONCLUSION

Due to the long-established connection be-
tween LDL-C and CVD, itis critically important to
accurately measure the concentration of LDL-C
for a proper cardiovascular risk assessment and
management. To date, there is a sizable prefer-
ence of analytical, calculation, and direct meth-
ods for LDL-C measurement. Although each of
these methods have their own merits over the
others depending on the existing analytical or

clinical setting, none of these methods are free
from limitations in terms of operational exper-
tise, accuracy, turnaround time, and cost. This
review has briefly illustrated different methods
of LDL-C measurement which gives a clearer un-
derstanding on available methods of LDL-C mea-
surement in addition to their comparative appli-
cation. Given the necessity of accuracy, shorter
turnaround time, and affordability of LDL-C mea-
surement, it demands further investigation to de-
velop an improved alternative.

O0 2% o% % <%
0.0 0'0 0'0 0'0 0.0
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