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Summary
Low density lipoprotein (LDL) is the predominant athero-
genic lipoprotein particle in the circulation. Conventionally,
a fasting lipid profile has been used for atherosclerotic
cardiovascular disease (ASCVD) risk assessment. A non-
fasting sample is now regarded as a suitable alternative to
a fasting sample. In routine clinical practice, the Friedewald
equation is used to estimate LDL-cholesterol, but it has
limitations. Commercially available direct measures of
LDL-cholesterol are not standardised. LDL-cholesterol is a
well-established risk factor for ASCVD, being the primary
therapeutic target in both primary and secondary preven-
tion. Non-high-density lipoprotein (HDL)-cholesterol is a
measure of the cholesterol content in the atherogenic li-
poproteins, but it does not reflect the particle number. Non-
HDL-cholesterol has the advantage over LDL-cholesterol
of including remnant cholesterol and being independent
of triglyceride variability, but it is compromised by the non-
specificity bias of direct HDL-cholesterol methods used in
the calculation. Apolipoprotein (apo) B, the major structural
protein in very low-density lipoprotein, intermediate density
lipoprotein, LDL and lipoprotein (a), is a measure of the
number of atherogenic lipoproteins. ApoB methods
are standardised, but the assay comes at an additional,
albeit relatively low cost. Non-HDL-cholesterol and apoB
are more accurate measures than LDL-cholesterol in
hypertriglyceridaemic individuals, non-fasting samples,
and in those with very-low LDL-cholesterol concentrations.
Accumulating evidence suggests that non-HDL-
cholesterol and apoB are superior to LDL-cholesterol in
predicting ASCVD risk, and both have been designated as
secondary targets in some treatment guidelines. We
review the measurement, potential role, utility and current
status of non-HDL-cholesterol and apoB when compared
with LDL-cholesterol in ASCVD risk assessment.
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INTRODUCTION
Atherosclerotic cardiovascular disease (ASCVD) is the
leading cause of morbidity and mortality worldwide. Lipo-
proteins, particularly low density lipoprotein (LDL) and other
apolipoprotein (apo) B-containing lipoproteins including
very low density lipoprotein (VLDL), intermediate density
lipoprotein (IDL) and lipoprotein (a) [Lp(a)] play a funda-
mental role in the initiation and evolution of atherosclerosis.
During atherogenesis, the cholesterol-rich, apoB-containing
lipoproteins are retained and accumulate within vascular
intima of the arterial wall,1,2 and together with reactive
immune and inflammatory mechanisms result in atheroscle-
rotic plaque formation and progression.3

Genetic, epidemiological and clinical studies have clearly
shown that plasma concentrations of LDL-cholesterol are
directly related to the incidence of coronary events and car-
diovascular deaths.4 Elevated concentrations of apoB-
containing lipoproteins, particularly LDL, are associated
with an increased risk of developing ASCVD. Clinical trials
using lipid-lowering drugs have unequivocally shown that
lowering LDL-cholesterol results in significant reductions in
both morbidity and mortality in patients with or without
established coronary heart disease. Recently, studies using
aggressive plasma LDL-cholesterol reduction as secondary
prevention have demonstrated increased survival rates.5

However, despite reductions in LDL-cholesterol with maxi-
mally tolerated statins and newer lipid-lowering agents, many
people still experience cardiovascular events and/or ASCVD
progression,6 which may, in part, relate to triglyceride or the
cholesterol content within triglyceride-rich lipoproteins.7,8

Statin-treated patients with elevated triglyceride levels have
been shown to be at increased ASCVD risk.9 Moreover, the
recent findings from the REDUCE-IT trial have shown that
icosapent ethyl, a highly purified eicosapentaenoic acid ethyl
ester, significantly reduces the risk of major ischaemic events,
including cardiovascular death, in patients with elevated tri-
glyceride levels despite statin therapy.10

LDL-cholesterol is awell-established risk factor forASCVD,
being the primary therapeutic target in both primary and sec-
ondary prevention according to global dyslipidaemia guide-
lines.11–14 In some guidelines, non-high density lipoprotein
(HDL)-cholesterol, a measure of cholesterol content of a wider
hologists of Australasia. Published by Elsevier B.V. All rights reserved.
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Fig. 1 Plasma lipoproteins separated according to density and size and their
representative cholesterol and apolipoprotein markers.
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range of atherogenic apoB-containing lipoproteins, and apoB, a
measure of thenumber of atherogenic lipoprotein particles, have
been designated as secondary treatment targets, which if
increased, might lead to intensification of lipid-lowering
therapy.
Under most conditions, LDL-cholesterol, non-HDL-

cholesterol and apoB are highly correlated. However, in in-
dividuals with mild-moderate hypertriglyceridaemia and
associated conditions, such as diabetes, obesity and the
metabolic syndrome, discordance between these measures
may occur.15 These observations, together with the recent
introduction of Australian guidelines for harmonised lipid
reporting,16 which recommended reporting of non-HDL-
cholesterol in the standard lipid profile, highlight the need
for clinicians to understand the status of these markers in
ASCVD risk assessment.
We review the measurement, potential role, utility and

current status of non-HDL-cholesterol and apoB when
compared with LDL-cholesterol in ASCVD risk assessment.

LDL-CHOLESTEROL
In most fasting individuals, LDL particles comprise ~90% of
the apoB-containing lipoproteins in the circulation. However,
in routine clinical practice, rather than LDL, it is the choles-
terol component of LDL, namely LDL-cholesterol, which is
measured. Because of this, LDL-cholesterol has been the
standard lipid measure used for ASCVD risk assessment.
Furthermore, the effects of dietary patterns and macronutri-
ents, particularly saturated and trans-unsaturated fats, are
predominantly judged in terms of their effect on LDL-
cholesterol.17 LDL-cholesterol can be measured directly, but is
typically calculated. Conventional randomised controlled
trials, prospective epidemiological cohort studies, and more
recently Mendelian randomisation studies have all shown a
direct relationship between LDL-cholesterol and the incidence
of coronary heart disease.4,18 Although lowering of LDL-
cholesterol to a target of <1.8 mmol/L decreases ASCVD
risk, many people still experience cardiovascular events and/or
atherosclerosis disease progression6 and this ‘residual risk’,
which is not identified by LDL-cholesterol, contributes to
significant cardiovascular morbidity and mortality.6,19,20

LDL size and composition

When triglyceride levels are elevated, the presence of
cholesterol ester transfer protein allows lipids such as
cholesterol to be redistributed amongst lipoproteins accord-
ing to concentration gradients. Cholesterol-rich lipoproteins
such as LDL and HDL receive triglyceride in exchange for
their cholesterol content. The triglyceride is catabolised,
resulting in smaller, denser cholesterol-depleted lipoprotein
particles. In the case of LDL, the cholesterol content of these
small dense LDL no longer reflects the number of LDL
particles.21 Measurement of the diameter of small dense LDL
may reflect the extent of this process, but it does not reflect
the number of LDL particles and, therefore, it is not a
reflection of ASCVD risk per se.

Direct LDL-cholesterol

Poor agreement between homogeneous (direct) LDL-
cholesterol methods relates to the analytical issues involved
with the selective measurement of cholesterol in LDL
particles that can vary in size, density and composition.22 All
LDL particles are atherogenic, regardless of their size, and
their cholesterol content can differ between individuals.23

Small, dense LDL particles, which can be found in in-
dividuals with mild-moderate hypertriglyceridaemia and
associated metabolic disorders, such as diabetes, obesity and
the metabolic syndrome, contain less cholesterol than larger
LDL particles. Indeed, it has been postulated that ‘residual
risk’ might, in part, be explained by the ‘atherogenic dysli-
pidaemia’ consisting of elevated small dense LDL particles,
hypertriglyceridaemia, reduced HDL-cholesterol, increased
remnant lipoproteins, and postprandial hyperlipidaemia.24

Calculated LDL-cholesterol

In most clinical diagnostic laboratories, LDL-cholesterol is
calculated by the Friedewald equation: LDL-cholesterol (in
mmol/L) = Total cholesterol – HDL-cholesterol – VLDL-
cholesterol, where VLDL-cholesterol is estimated as tri-
glyceride/2.2 assuming a constant triglyceride:cholesterol
ratio in VLDL particles.25 The Friedewald equation has
several caveats: it includes cholesterol present in IDL and
Lp(a) and assumes that there are no chylomicron particles
present. At triglyceride concentrations >4.5 mmol/L it un-
derestimates LDL-cholesterol and is regarded as invalid. At
low LDL-cholesterol concentrations (<1.8 mmol/L), espe-
cially when accompanied by triglyceride elevation, the
Friedewald equation underestimates LDL-cholesterol when
compared with a direct LDL-cholesterol measurement.26,27

This observation has important clinical relevance owing to
the introduction of the PCSK9 inhibitors, which when used in
combination with statins, can result in extremely low LDL-
cholesterol concentrations,28 and alternative formulas to es-
timate LDL-cholesterol have been proposed.29,30

NON-HDL-CHOLESTEROL
Non-HDL-cholesterol is a measure of cholesterol content of
the atherogenic apoB-containing lipoproteins: VLDL, IDL,
LDL, chylomicron remnants and Lp(a) (Fig. 1).31 Unlike
LDL-cholesterol, it includes the atherogenic risk component
of remnant lipoproteins, namely IDL and chylomicron
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remnants, and can be simply calculated in the fasting or non-
fasting state at no additional cost: Non-HDL-cholesterol =
Total cholesterol – HDL-cholesterol. Remnant cholesterol =
Total cholesterol – HDL-cholesterol – LDL cholesterol and
has been shown to be a causal factor for ischaemic heart
disease.32 Meta-analysis has shown non-HDL-cholesterol to
be as good as LDL-cholesterol in ASCVD risk assessment
and superior to LDL-cholesterol in individuals with mild-
moderate hypertriglyceridaemia.33

Despite these advantages, non-HDL-cholesterol is not as
widely used as LDL-cholesterol, which reflects the traditional
reliance on LDL-cholesterol as the primary measure of
ASCVD risk attributable to lipoproteins in epidemiological
studies.34 Consequently, LDL-cholesterol has also served as
the main indicator of the efficacy of lipid-modifying therapy
in randomised controlled trials.35 This has been translated
into LDL-cholesterol levels for target attainment during risk
factor management.36

Non-HDL-cholesterol is simpler, more convenient and
more predictive than LDL-cholesterol, but this is less widely
recognised and hence less frequently used (Table 1). It is
particularly useful in the setting of mild-moderate hyper-
triglyceridaemia, which is common (~14% of Australians aged
18 or over have a triglyceride �2.0 mmol/L)37 and often ac-
companies associated cardiometabolic disorders such as dia-
betes, obesity and the metabolic syndrome.7 As it is not
inferior to LDL-cholesterol in other clinical settings, it should
be employed more liberally. The targets defined for LDL-
cholesterol can be converted to equivalent targets for non-
HDL-cholesterol by increasing the values by 0.8 mmol/L.
Non-HDL-cholesterol is a more reliable measurement than

LDL-cholesterol because the latter requires triglyceride for
calculation by the Friedewald equation. Triglyceride mea-
surement, even in the fasting state, is fraught with a degree of
intra-individual variability, in part due to background diet.38

On the other hand, direct measurement of both LDL-
cholesterol and HDL-cholesterol could be criticised for
their dependence on assay design features that selectively
limit the access of reagents to cholesterol on different lipo-
proteins.39 Nevertheless, non-HDL-cholesterol has an
analytical advantage in this respect because the vulnerable
direct measurement is a much smaller component of the
overall result compared to direct LDL-cholesterol. Conse-
quently, non-HDL-cholesterol results are more robust than
LDL-cholesterol.
Table 1 Advantages, disadvantages and targets for LDL-cholesterol, non-HDL-ch

Analyte Advantages

LDL-cholesterol � Widely available
� Strong evidence base
� Well defined risk cutpoints/targets
� 1� target in guidelines

� F

� A
� P

Non-HDL-
cholesterol

� No fasting requirement
� Does not require triglyceride to be �4.5 mmol/L
� Includes remnant cholesterol
� No additional cost

� N
� A
� 2

ApoB � No fasting requirement
� Standardised method
� Useful in individuals with ‘atherogenic

dyslipidaemia’ and
those with very low LDL-cholesterol
concentrations

� N
� N
� A
� 2
� A
Care should be exercised in the presence of severe
hypertriglyceridaemia, which corresponds to triglyceride
levels exceeding 10 mmol/L.40 In this situation, the direct
measurement of LDL-cholesterol or HDL-cholesterol may be
confounded by cholesterol in other fractions, particularly
chylomicrons and their remnants.41,42 In reality, the contri-
bution of chylomicron cholesterol may lead to a situation in
which non-HDL-cholesterol over-emphasises ASCVD risk
when the main concern is the danger of developing acute
pancreatitis.43 Although treatment for severe hyper-
triglyceridaemia is often successful, the changes in HDL and
LDL composition can resolve slowly and it may take several
months for non-HDL-cholesterol to become a reliable indi-
cator of ASCVD risk.

APOLIPOPROTEIN B
ApoB plays a central role in human lipoprotein metabolism.
Full length apoB-100 is a large, amphipathic protein
comprising 4536 amino acids, which is produced by the
liver.44 In contrast, the intestine, via a unique mRNA editing
process, synthesises only the first 2152 amino acids (48%) of
the protein, to produce apoB-48.45 It is the editing process
that determines the apoB isoform to be synthesised, which in
turn dictates the type of lipoprotein, either chylomicron or
VLDL particle, to be assembled. ApoB-48 is required for
chylomicron production and apoB-100 is an essential struc-
tural component of VLDL and its metabolic products, IDL
and LDL, as well as Lp(a). ApoB, unlike other apolipopro-
teins, is not readily exchangeable between lipoproteins.
Due to its large size, propensity to form insoluble aggre-

gates in aqueous solutions, and its sensitivity to proteolytic
degradation, the primary structure of apoB was not elucidated
until 1986.44 ApoB-100 (550 kDa) contains five super-
domains, namely NH3-ba1-b1-a2-b2-a3-COOH, with the
ba1 domain corresponding to the first ~20% of the protein,
critical for binding with the molecular chaperone MTP and
for the assembly of triglyceride-rich lipoproteins.46 Amphi-
pathic a-helices and b-sheets as well as short hydrophobic
cluster domains are responsible for lipid binding and are
thought to largely determine LDL particle diameter.47 ApoB-
100 contains an LDL-receptor binding domain that is
involved in the uptake of LDL as well as VLDL and IDL
from the circulation.
Genome-wide and other association studies have identified

polymorphisms in APOB that are associated with LDL-
olesterol and apoB

Disadvantages Targets

riedewald equation is not valid if
triglyceride >4.5 mmol/L
ffected by increased Lp(a)
oor agreement between direct methods

<3.0 mmol/L (low risk)
<2.5 mmol/L (high risk)
<1.8 mmol/L (very high risk)

ot well understood
rbitrary risk cut points/targets
� target in guidelines

<3.8 mmol/L (moderate risk)
<3.3 mmol/L (high risk)
<2.6 mmol/L (very high risk)

ot widely available
ot well understood
rbitrary risk cutpoints/targets
� target in guidelines
dditional cost

<1.0 g/L (high risk)
<0.8 g/L (very high risk)
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cholesterol concentrations.48 Rare mutations, mostly causing
truncated apoB species, reduce apoB production and/or
increase its clearance, resulting in familial hypo-
betalipoproteinaemia, a disorder characterised by low
LDL-cholesterol concentrations and protection from
ASCVD.49,50 In contrast, apoB missense mutations in the
LDL-receptor binding region, such as p.Arg3527Gln, result
in impaired clearance of LDL particles and cause familial
hypercholesterolaemia.51
ApoB measurement

ApoB can be measured in routine clinical laboratories using
commercially available immunonephelometric or immuno-
turbidimetric methods on a variety of automated instrument
platforms, all of which use polyclonal antibodies specific to
apoB. The majority of those immunoassays measure total
apoB (apoB-100 and apoB-48). Even in the postprandial
state, apoB-48-containing chylomicron particles in healthy
individuals are very low (usually <1%).52 Efforts have been
made to improve method-method variability by harmo-
nisation and the analytical performance of these methods, in
terms of accuracy and precision, has been shown to be su-
perior to that of LDL-cholesterol.53

Although a fasting serum sample is recommended, non-
fasting samples are acceptable. Similar to other proteins
measured using light scattering techniques, apoB is affected
by turbidity, which can be found in severe hyper-
triglyceridaemia. In healthy subjects the biological within-
individual variation for apoB ranges between 3 and 12%54

and during pregnancy apoB increases by 56% in the third
trimester.55 Reference intervals for apoB have been shown to
be age, sex, ethnicity and population dependent.56–58 Similar
to LDL-cholesterol, clinical decision cut points for apoB of
1.00 g/L and 1.20 g/L have been proposed which correspond
to the 50th and 75th percentile, respectively,52 with values
greater than the former regarded as moderate and the latter a
high ASCVD risk.
ApoB standardisation

The standardisation of apoB methods has been chal-
lenging, due to both the lack of a primary reference
method and suitable primary standard; noting that apoB
cannot be solubilised in purified form owing to self-
association and irreversible matrix aggregation. Howev-
er, a collaborative initiative during the late 1980s and
early-mid 1990s between the International Federation for
Clinical Chemistry (IFCC) and the various diagnostic
companies, achieved international standardisation and
harmonisation of apoB methods with the development and
adoption of WHO/IFCC SP3-07 (more recently SP3-08),
a secondary matrix-matched, serum-based reference ma-
terial, with an assigned value traceable to an ultra-
centrifuged LDL (d 1.030–1.050 kg/L) pool, for assay
calibration.53,59–61 This secondary reference material was
to be an interim solution until an accurate value-assigned
primary reference material and primary reference method
were developed. More recently, liquid chromatography
tandem mass spectrometry, owing to its unique capability
of providing results with SI traceability, has been pro-
posed as a candidate reference procedure to standardise
apoB measurement.62
LDL SUBCLASSES AND PARTICLE NUMBER
Nuclear magnetic resonance (NMR) spectroscopy can pro-
vide a measure of the LDL particle number and size along
with information on other lipoprotein subclasses.23 This sub-
fractionation technique has been shown to be at least equiv-
alent to non-HDL-cholesterol and apoB in ASCVD risk
assessment.63 The method depends on the deconvolution of
complex NMR spectra according to correlation with tradi-
tional ultracentrifuge-based methods. Furthermore, high-field
NMR spectrometers require very low temperatures and are
therefore reliant on liquid nitrogen and other major infra-
structure. Consequently, the method is not widely available,
is expensive, and is not standardised.
CARDIOVASCULAR RISK ASSESSMENT
Population-based studies have identified differences in
ASCVD risk prediction between LDL-cholesterol, non-HDL-
cholesterol and apoB. Both non-HDL-cholesterol and apoB
have been shown to be superior to LDL-cholesterol as
markers of ASCVD risk.64 A meta-analysis from 12 inde-
pendent epidemiological studies including 233,455 partici-
pants and 22,950 events reported that the relative risk ratios
of fatal or non-fatal ischaemic cardiovascular events were
lowest for LDL-cholesterol (RR 1.25), intermediate for non-
HDL-cholesterol (RR 1.34) and highest for apoB (RR
1.43).33 Over 10 years, a high-risk treatment strategy in US
adults using non-HDL-cholesterol would potentially prevent
300,000 more clinical events than an LDL-cholesterol strat-
egy, and an apoB strategy 500,000 more than a non-HDL-
cholesterol strategy. However, not all studies have suppor-
ted the superiority of apoB over non-HDL-cholesterol and
LDL-cholesterol.65,66 A meta-analysis of seven randomised
controlled trials showed that the clinical benefit of statin
therapy relates more to changes in apoB than to changes in
LDL-cholesterol or non-HDL-cholesterol.67

ASCVD risk assessment is central to clinical management
because it quantifies the absolute risk of a cardiovascular event
in the ensuing time period.36 It avoids the inadequacy of
previous strategies based on relative risk, which tended to deal
with cardiovascular risk factors, including lipids, in isolation.
Assessment of absolute risk allows simultaneous consider-
ation of all major risk factors including smoking, hypertension
and diabetes. Indeed, one of the strengths is that it captures the
tendency of risk factors to cluster in individuals who are obese
or insulin resistant. Non-modifiable risk factors are amongst
the strongest influences on future ASCVD risk, but absolute
risk calculators are limited in their ability to encompass family
history. They are effective in making adjustment for gender,
but the effect of age tends to be dominant. As a result, there is a
danger that absolute ASCVD risk calculators will favour the
aggressive treatment of the elderly and a reluctance to treat
younger high-risk patients. Comparison of the application of
individual risk calculators within diverse populations has
revealed substantial differences that imply a need for local
within-population calibration.
The original epidemiological data on which absolute risk

calculators are based included information that has subse-
quently been omitted. Established ASCVD is sufficient to
warrant risk factor intervention in all cases, so this aspect is
not considered. Likewise, left ventricular hypertrophy on
electrocardiogram is not routinely considered. This may
explain why some biomarkers, such as cardiac troponin or B-
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type natriuretic peptide, which can powerfully enhance car-
diovascular risk assessment, have not found a place in routine
practice.68 Indeed, ASCVD risk assessment has leap-frogged
these opportunities by applying non-invasive imaging tech-
niques that detect the presence of sub-clinical cardiovascular
disease. In the future, these techniques may erode the role of
non-HDL-cholesterol and apoB in ASCVD risk assessment,
but these measurements may become even more prominent in
the intervention strategies to prevent the progression of
ASCVD.
DISCORDANCE
LDL-cholesterol, non-HDL-cholesterol and apoB are all
markers of ASCVD risk. Under most conditions, the three
markers are highly correlated; however, the cholesterol mass
of the apoB-containing particles is variable. The technique of
discordance analysis has been used to compare these related
and metabolically linked variables to identify which is the
most accurate marker of ASCVD risk.69

In individuals with mild-moderate hypertriglyceridaemia
and associated cardiometabolic disorders such as diabetes,
obesity and the metabolic syndrome, discordance can occur as
a result of the predominance of small, dense, cholesterol-poor
LDL, and therefore LDL-cholesterol may not accurately
reflect LDL particle concentration or its effect on ASCVD
risk.15,70 The discordance causes LDL-cholesterol to under-
estimate the true ASCVD risk, whereas under these condi-
tions, apoB more accurately reflects the causal effect of LDL
on ASCVD risk. A number of discordance studies including
the Health Professionals Follow-up Study, Woman’s Health
Study, INTERHEART study and the Framingham Heart
Study all support the concept that ASCVD risk is more closely
related to the concentration of atherogenic lipoprotein parti-
cles than to the mass of cholesterol carried by them.71–75

Differences in LDL particle size, density and composition
that underlie discordance have led to public and professional
confusion.69 The qualitative changes in LDL particle size, as
reflected by diameter and ‘type’, are only atherogenic if
accompanied by an increase in particle number, as demon-
strated in the Quebec Heart Study.76 Conversely, elevated
LDL-cholesterol due to an increased number of qualitatively
normal LDL still represents an increase in the number of
atherogenic particles. Therefore, normal LDL particle size,
density and diameter must not dissuade clinicians from
treating elevated LDL-cholesterol levels because they are
present in increased numbers. This would also be reflected by
the accompanying non-HDL-cholesterol, and apoB concen-
trations and the LDL particle number.

LIPID GUIDELINES
It is important to maintain and enhance the opportunity to
provide guideline input concerning screening, diagnostic and
laboratory monitoring aspects of ASCVD risk and other
major public health issues. This will assist the judicious use
of testing and the cost-effective selection of high-risk in-
dividuals for pharmacological and non-pharmacological
intervention. A comparative analysis of lipid treatment
guidelines has been the topic of a recent review.77

A non-fasting sample is now regarded as a suitable alter-
native to a fasting sample,78,79 with this recommendation
endorsed by European, Canadian and US societies and
incorporated into guidelines.11–13 These same guidelines
recommend LDL-cholesterol as the primary target (<2.5 and
<1.8 mmol/L, respectively, for patients at high-risk and very
high-risk). Some guidelines also recommend non-HDL-
cholesterol (<3.3 and <2.6 mmol/L) and apoB (<1.0 and
<0.8 g/L) as secondary (or alternative) targets.11,13 Interest-
ingly, using a novel more accurate estimation of LDL-
cholesterol than that of the Friedewald equation, it was
shown that secondary non-HDL-cholesterol targets only
altered management in a small proportion of individuals and
that apoB targets were only modestly useful after LDL-
cholesterol targets were achieved.80

Ideally, guidelines should also include consideration of the
current and future role of emerging biomarkers, which in the
case of ASCVD risk assessment includes lipoproteins and
other candidates.81 Guidelines aspire to be a comprehensive
evidence-based consideration of all aspects of disease man-
agement, and as such, should include discussion of tests
designed to monitor response and guarantee the safety of
interventions.

HARMONISED LIPID REPORTING
Quality healthcare includes mechanisms to minimise the
deviation of tests, procedures and management strategies
from best practice. Consensus guidelines allow populations
to be managed according to the relevant evidence base. This
leads to the establishment of agreed medical decision points,
thresholds and targets that facilitate consistent decision-
making. Lipid metabolism is an area in which efforts have
been successful in harmonising the information and advice
provided in connection with results such as LDL-cholesterol,
non-HDL-cholesterol and apoB. The recent introduction of
Australian guidelines for harmonised lipid reporting,16 which
recommended the reporting of non-HDL-cholesterol as part
of the standard lipid profile, highlight the need for clinicians
to understand the status of this and other biomarkers in
ASCVD risk assessment. Once established, such a frame-
work should facilitate the introduction and dissemination of
relevant scientific advances.

CONCLUSION
Accumulating evidence suggests that non-HDL-cholesterol
and apoB are superior to LDL-cholesterol in predicting
ASCVD risk, and both have been designated as secondary
targets in some treatment guidelines. At this juncture, it re-
mains to be shown whether their use will improve cardio-
vascular outcomes in routine clinical care.
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