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H I G H L I G H T S

Highlights - Pro

• ApoB is a more accurate measure of cardiovascular risk than LDL C or non HDL C.

• ApoB is a more accurate measure of the adequacy of lipid therapy than LDLC or non HDL C.

• ApoB is essential to diagnose Type III hyperlipidemia.

• ApoB should replace LDL C/non-HDL C in routine clinical care.
Highlights – Con

• Apo B lipoprotein measurement needed for research.

• Apo B levels - Too much information for clinic.

• Apo B - Not needed for risk prediction in primary prevention.

• Apo B - Not needed for determining treatment thresholds/goals.

• Apo B - Not needed for guiding treatment.
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A B S T R A C T

Whether apoB adds significantly to the assessment of the risk and therapy of the atherogenic dyslipoproteine-
mias has been vigorously contested over many years. That trapping of apoB lipoprotein particles within the
arterial wall is fundamental to the initiation and maturation of atherosclerotic lesions within the arterial wall is
now widely accepted. At the same time, the concept that primary prevention should be based on the risk of a
cardiovascular event, a measure that integrates the effects of age, sex, blood pressure, lipids and other factors,
has also become widely accepted. Within the risk framework, the issue becomes whether apoB adds significantly
to the assessment of risk. On the other hand, it can be argued that the risk model undervalues how important a
role that LDL and blood pressure play as causes of atherosclerosis and that when considered as causes, the
importance of apoB emerges. These are the two sides of the debate that will be presented in the article that
follows: one will highlight the pros of measuring apoB, the second the cons. The reader can make up his or her
mind which side of the issue they favour.

1. Pro: in defense of ApoB - Dr. Allan D. Sniderman

‘There are two young fish swimming along and they happen to meet
an older fish swimming the other way, who nods at them and says.
“Morning boys, how's the water?’ And the two young fish swim on
for a bit, and then eventually one looks over at the other and goes.
“What the hell is water?”

David Foster Wallace: This Is Water

1.1. Introduction

Dr. Robinson and I differ on the value of apoB in clinical care. In this
era of evidence-based medicine, how can that be? Surely all that counts
is the evidence and surely the evidence speaks for itself. Not so. The
evidence does not speak. The evidence is mute. Our conclusions are not
the evidence but our interpretations of the evidence. The validity of our
interpretations is determined by many factors including the quality of
the design of the studies, the quality of the methods used to obtain the
results, and the quality of the analysis of the results. In addition- and
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this is the main point of this essay-our interpretations of the results of
any study are inevitably based on the overall framework of thought
within which we reason about the problem in general-the waters in
which we swim.

The conclusions I draw about the value of apoB differ from the
conclusions Dr. Robinson draws about apoB because we reason from
different waters. Dr. Robinson reasons principally from a risk and group
perspective whereas I reason principally from a causal and individual
perspective. We may use the same words but we use them differently.
To illustrate, I will begin with three clinical examples that provide di-
rect evidence of the value of apoB in clinical care. To the best of my
knowledge, no guideline or expert consensus group has considered the
use of apoB in any of these circumstances.

Example 1: Diagnosis of type III hyperlipoproteinemia

Dr. Robinson and I, and all the guidelines, and virtually everyone
else agree that patients with familial hypercholesterolemia (FH) should
be treated based on diagnosis even though most younger FH patients
would not qualify based on the calculated 10-year risk of a cardiovas-
cular events. The natural history is so malign and the risk to the in-
dividual so clear, that doubt disappears. As opposed to FH, which is
characterized by marked elevation of cholesterol-rich LDL lipoprotein
particles, type III hyperlipoproteinemia is characterized by marked
elevation of abnormal cholesterol-enriched VLDL and chylomicron
remnant particles. Much less is known about the pathogenesis of type III
than FH but all the available literature, starting from the description of
type III by Donald Fredrickson his colleagues [1,2] and as well as others
[3,4], indicates that the cardiovascular risk associated with type III is
extremely high, indeed close to, if not equal to, that posed by hetero-
zygotic FH and that, just as with heterozygotic FH, therapy is justified
on diagnosis. So far, so good.

The problem is that type III cannot be diagnosed using a conven-
tional lipid panel. Originally, the diagnosis of type III depended on
paper electrophoresis and ultracentrifugation, methodologies that are
not available now even in the majority of the most specialized lipid
clinics. Happily, type III can be diagnosed, simply and accurately, by
measuring total cholesterol, triglycerides and apoB by methods that
should be readily available in any standard clinical chemistry labora-
tory [5]. Estimates of the prevalence of type III in the general popula-
tion vary [4], but a number approach and even exceed the frequency of
FH, particularly when diagnosis is based on the apoB algorithm since it
is now evident that type III may be expressed in milder as well as more
extreme forms [6].

So here is where we are: no one disputes that type III is dangerous
and should be diagnosed and treated. But type III can be diagnosed in
regular clinical care only if apoB can be measured. However, not only
has no guideline recommended using apoB so that type III can be di-
agnosed, no guideline or expert consensus group has even considered
the issue. If making the diagnosis of FH is worthwhile, why is making
the diagnosis of type III not worthwhile? How different is the water in
which we think about FH and the water in which we think about type
III?

Example 2: Not all patients with elevated LDL C have on elevated
LDL

A 45 year old American male is found to have an LDL C of 135mg/
dl, a non-HDL C of 160mg/dl, an HDL C of 40mg/dl. His levels of LDL
C and HDL C levels are equivalent to the 75th percentile of the popu-
lation. His 10-year CVD risk is 2.4% based on the 2013 ACC/AHA
guidelines [7]. Accordingly, based on present guideline recommenda-
tions, statin therapy for his hypercholesterolemia would not be re-
commended. What should the patient be told? If this is all the in-
formation available, then the patient must be informed he has an
elevated cholesterol and that dietary and lifestyle interventions are

appropriate because an elevated cholesterol is an important risk factor
for cardiovascular disease. Moreover, while his risk over 10-years may
be low, it is high over 15 years and beyond [8].

But what if that conclusion is not correct in this individual? Let us
say, his apoB is 90mg/dl. This would demonstrate he had a normal
number of cholesterol-enriched particles. Multiple discordance analyses
have demonstrated that cardiovascular risk is not significantly in-
creased in those with normal numbers of cholesterol-enriched apoB
particles compared to those with normal numbers of apoB particles
containing an average mass of cholesterol [9–17]. Simply put, the
normal apoB in this case would demonstrate that the adverse conclu-
sions based on LDL C and non-HDL C are not correct and that the pa-
tient need not be concerned on this basis about his cardiovascular
health. On the other hand, were his apoB to have been elevated, the
concern about increased cardiovascular risk due to apoB lipoproteins
would have been established unequivocally. The chances of the first
outcome-the benign outcome-would be about 25% whereas the chances
of the second outcome-the more concerning outcome-would be about
75% [14]. For information this consequential, we should not accept an
error rate of one in four in the assessment of an individual patient. The
guidelines have also been silent on this clinical challenge.

Example 3: How bad is bad?

A 59 year old male presents with atypical chest pain but a positive
family history of heart disease-his father died at age 50- and a 10 year
history of treated hypertension and known hypercholesterolemia. His
triglycerides were 6.73mmol/L (554mg/dl), his LDL C, measured di-
rectly, was 3.59mmol/L (138mg/dl) and his apoB was 155mg/dl. How
high was his LDL? How deviant were his apoB lipoproteins from
normal? His LDL C was high-the 75th percentile of the American po-
pulation. However, his apoB was greater than the 98th percentile of the
population. The issue is not whether he should be treated with statins.
The issue is just how great a threat did his plasma apoB lipoproteins
pose to his arteries and therefore to his life? The answer-a great deal,
not meaningfully less than heterozygotic FH. Not only was the level of
apoB more informative than LDL C, it made the need for family study to
potentially identify familial combined hyperlipidemia even more re-
levant [18]. While the precise pathophysiology of familial combined
hyperlipidemia remains obscure, it is an undisputed cause of premature
coronary artery disease, it is generally easily treatable, and diagnosis of
the phenotype identifies families that should be screened for other af-
fected members. This is yet another argument for apoB that has not
been considered by guidelines or expert consensus groups.

1.2. Moving from patients to concepts

These patients represent concrete examples of issues that have not
been recognized by those who have made decisions about the utility of
apoB, perhaps because of the way the problem was framed. It is the
framework we will now examine.

1.2.1. Causes of CVD versus the risk of CVD
Dr. Robinson will argue that apoB adds little to the prediction of risk

in primary prevention; that is, adding apoB to a standard 10-year risk
prediction model will not meaningfully change the c-statistic. And she
is right. But what does this mean? The c-statistic represents an in-
tegrated estimate of the predictive powers of all the variables included
in the risk algorithm. It has been an accepted epidemiological truism
that if a marker did not significantly increase the c-statistic, it did not
add importantly to the clinical information available. I disagree with
this interpretation and I will demonstrate beneath just why. Indeed, I
disagree with much of the framework of the conventional risk ap-
proach. On this, Dr. Robinson and I do not just swim in different lakes.
We swim in different oceans on different planets. To understand why I
think apoB is so important, it is essential for the reader to appreciate
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just how differently we think about risk. Accordingly, I will set it out
the concerns I have about the conventional risk approach.

Concern 1: All 10-year risk algorithms underestimate the im-
portance of the causes of CVD as determinants of CVD risk

LDL, blood pressure, smoking cause CVD disease. Prospective ob-
servational studies have demonstrated unequivocally that the risk of
CVD increases exponentially as LDL and blood pressure increase.
Randomized clinical trials of LDL and blood pressure lowering have
demonstrated unequivocally that if LDL or blood pressure are lowered
significantly, the risk of CVD is lowered substantially. But blood pres-
sure and LDL contribute only marginally to the risk as calculated by the
risk algorithm. For example, in the Framingham study, the c statistic for
the risk of death was 0.750 based on age and sex alone. Taking all the
major conventional risk factors into account increased, the c-statistic to
only 0.800 [19,20]. This means that knowing all the conventional risk
factors and taking into account all the information they convey in-
creases the accuracy in prediction by only one in 20 pairs. Improving by
one in twenty is a trivial gain.

Clearly, the estimate of risk is dominated by age and sex. Clearly,
these algorithms do not properly assess the risk due to LDL and blood
pressure, smoking, and diabetes. If these algorithms are insensitive to
the effect of LDL itself on risk, why should we expect them to be sen-
sitive to the differences in concentration in highly correlated markers of
LDL? [21].

Accordingly, the conclusion that apoB should not be measured if it
does not change the c-statistic should be rejected.

Concern 2: Should primary prevention be based just on risk?

With a few limited exceptions, ACC/AHA determined that eligibility
for primary prevention with statin therapy should be based on the 10-
year estimate of risk [7]. CVD risk is low until age 40, increases gra-
dually until age 60, and then increases exponentially [19]. A 10-year
risk threshold of 7.5% means that almost all men and half of women
over 60 will be eligible for prevention with medical therapy whereas
only a small minority of those under 60 will be eligible [22,23]. But risk
is a fraction: the numerator is the number of cases over a specified
period of time whereas the denominator is a constant number of the
population. This makes the rates of events comparable at different ages.
However, there are many more people under 60 than over 60. The fact
is that almost half of all cardiovascular events occur in those under the
age of 60 [19]. This means that most of those who have events before
age 60 would not have been eligible for therapy before their clinical
event. Just as catastrophically, much of the arterial disease that will
cause clinical events after 60 developed within the arterial wall before
age 60. What comes after is the bitter fruit of what was allowed to
happen before. Surely, this should call the risk model of CVD preven-
tion, which is so age dependent, into question.

Age is not a simple variable [22]. The damage to the arterial wall
caused by apoB lipoprotein particles occurs over time, not in-
dependently of time. Age represents the time over which the arterial
wall is exposed to the malign effects of LDL or blood pressure. Small
differences in levels of LDL over a lifetime are associated with large
differences in cardiovascular risk over a lifetime [24]. However, age
could also be associated with adverse biological changes that could
increase the adverse effects of LDL and blood pressure on the arterial
wall. Sorting out how much is attributable to each should be an im-
portant goal of ongoing research. In the meantime, we should recognize
the distorting effect of treating age as an independent variable in the
risk algorithm when it comes to determining if apoB should be in-
troduced into clinical care.

1.3. The causes of atherosclerosis and the benefit of treating the causes of
atherosclerosis

My fundamental thesis is that Dr. Robinson and I disagree because
she swims in the waters of Risk whereas I swim in the waters of
Causality. One advantage I claim is that I can be sure that my estimates
of the causes of cardiovascular disease apply to the individual in whom
they were measured whereas she cannot be sure that her estimates of
risk do. The apoB I measure in a patient is their apoB. The risk she
estimates for a patient may or may not be their risk [25]. This does not
mean estimating risk is meaningless. But it does mean there is an in-
escapable element of uncertainty when applied to the individual and
therefore, the wise clinician and the wise patient should not base the
whole decision on whether to treat or not to treat just on an arbitrary
dividing line in the level of CVD risk.

Trapping of apoB particles within the arterial wall initiates and
drives the atherosclerotic process from beginning to end [26]. The
likelihood of an apoB particle entering and being trapped within the
arterial wall is directly related to the concentration of apoB particles
within the lumen of the arterial wall. Each apoB lipoprotein particles
contains one molecule of apoB but the mass of cholesterol within an
apoB particle can vary substantially with some containing more than
the average while others contain less. Multiple discordance analyses
have demonstrated that risk relates primarily to the number of apoB
particles rather than to the mass of cholesterol within them [9–17].
Cholesterol is not the only poison within the apoB particle. Oxidized
phospholipids promote inflammation and atherosclerosis [27], frag-
ments of apoB can promote inflammation and vasogenesis [28,29] and
immune responses to apoB can drive destructive processes within the
arterial wall [30]. At a practical level, this means that apoB adds to the
information currently available from LDL C and/or non-HDL C. At a
logical level, this means that apoB should be the primary measure of the
atherogenic risk attributable to the apoB lipoproteins. At a clinical
level, this means there is no reason any more to measure LDL C or non-
HDL C.

These conclusions do not contradict the literature that CVD risk rises
as the levels of LDL C and non-HDL C increase and that CVD risk de-
creases as the levels of LDL C and non-HDL C decrease. On the contrary,
they simply sharpen these relations and make them more precise. It is
not that LDL C or non-HDL C are ‘wrong’. They are merely less precise
than apoB and precision should matter in clinical care.

Dr. Robinson can only disregard or dismiss all these findings if she
claims that only risk matters, causes do not. But we have already shown
the illusory nature of that view. The apoB lipoproteins do matter.
Simply look at the results of the RCTs of statin therapy. No one doubts
that if LDL C is reduced by 38.5mg/dl, CVD risk is reduced by ap-
proximately 20% [31]. Moreover, the benefits of statin therapy are
more directly related to the lowering of apoB than to LDL C or non-HDL
C [32].

But there is more proof now available. CETP inhibitors when added
to statin therapy have either failed or only marginally improved clinical
outcomes, notwithstanding that the combination results in a robust
lowering of LDL C [17]. Brian Ference and his colleagues, developed
genetic analogues of statin and CETP inhibitors and using Mendelian
randomization demonstrated that the decrease in apoB induced by the
combination was substantially less than the decrease in LDL C and that
the clinical outcome in the clinical trials corresponded exactly to that
predicted by the decrease in apoB rather than to the decrease in LDL C.
This was the specific conclusion of their paper [17]. But this conclusion
applies more broadly.

They also did a genome-association study, which identified 21 in-
dependently inherited variants that were associated with discordant
changes in LDL-C and apoB similar to those with combined CETP-statin
therapy and, to a lesser degree, to those associated with statin therapy
[33]. In analyses of just over 180,000 subjects a genetic score of these
variants was associated with a significantly less than expected risk of
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CHD per 10-mg dl lowering of LDL C. By contrast, a genetic score as-
sociated with concordant changes in LDL-C and apoB showed the ex-
pected lower risk of CHD per 10-mg dl lowering of LDL C. Benefit was
always the same per 10-mg lowering of apoB. This demonstrates that
the reduction of cardiovascular risk is more closely associated with
lowering of apoB than with lowering of LDL C. Taken together, there-
fore, the body of evidence supporting apoB as the preferred marker of
the adequacy of therapy is broad and deep.

This has practical consequence in assessing the adequacy of therapy.
The 2013 ACC/AHA guidelines did not endorse target levels for statin
therapy [7]. I did not agree with their view. I also do not agree with the
target levels for apoB that have been listed by guideline groups that
have endorsed apoB as a secondary target for LDL lowering therapy
[34,35]. For high-risk patients, their goal for apoB has been 80mg/dl
but without any rationale stated as to why this level was selected. My
view is that the target for apoB should be the population equivalent
level for LDL C, just as the target levels for non-HDL C are the popu-
lation equivalent level for LDL C. However, a target level for LDL C of
70mg/dl corresponds to approximately the 10th percentile of the
American population whereas a target level for apoB of 80mg/dl cor-
responds to approximately the 35th percentile of the American popu-
lation [36]. Martin and his colleagues have demonstrated that ap-
proximately one third of those who reach their LDL C or non-HDL C
targets would not reach the population equivalent level of apoB of
60mg/dl [36]. In this era of PCSK9 therapy, it makes more sense to me
to measure apoB and select those with higher levels rather than to lower
the LDL C target for everyone even further. To benefit from LDL low-
ering therapy, the level of LDL must be high enough to lower mean-
ingfully. Martin et al. have shown that apoB is demonstrably a better
tool for this purpose than LDL C or non-HDL C [36]. Indeed, as we will
now discuss, the demonstrable limitations of the estimation of LDL C
should eliminate it for this purpose.

1.4. Measurement

Not widely appreciated is that LDL C, which remains the centrepiece
of the conventional lipid system, can be calculated by multiple equa-
tions [37–39] or measured directly by multiple methods [38,40] with
different results possible for each method and each approach. Which
one is the true LDL-C? Furthermore, the direct assays of LDL C perform
reasonably well in normolipidemic samples but have not been validated
in dyslipidemic samples and are associated with considerable error
[41]. Strikingly, there is no evidence that directly measured LDL C is a
more accurate marker of CVD risk than calculated LDL C. There is,
therefore, no evidence justifying the additional costs of directly mea-
sured LDL-C since either non-HDL-C or apoB could be used in hyper-
triglyceridemic samples.

Non-HDL C is the primary alternative to apoB. Non-HDL C is derived
as total cholesterol-HDL C. Total cholesterol can be measured precisely
with little bias. However, directly measured HDL C has not been vali-
dated in dyslipidemic samples and is not standardized [38–42]. This
could produce significant error in the calculation of non-HDL C, parti-
cularly at low concentrations of total cholesterol. Moreover, non-HDL C
requires two measurements, the errors of which sum. The final nail in
the coffin of non-HDL C is that, as noted above, discordance analyses
have shown apoB to be superior to non-HDL C as a marker of cardio-
vascular risk. Programmes to harmonize the lipid assays do exist and
need to be supported. The assay of apoB is standardized [43] and la-
boratories using assays from manufactures that participate in quality
assurance programmes can achieve good to excellent results [41,42].
However, when this does not occur, significant variance in values that
are reported for apoB will occur [44].

Nevertheless, further efforts to improve standardization and preci-
sion of the measurement of apoB are reasonable. Particularly important
is to improve manufacturers’ compliance with standardization pro-
grammes. Fasting is not required to measure apoB. The assay of apoB is

not costly at present and if use increased, cost would be reduced.
Moreover, not measuring plasma TC, TG, d-LDL-C and d-HDL-C routi-
nely would reduce the present costs of care. The European
Atherosclerosis Society and the European Federation of Clinical
Chemistry and Laboratory Medicine (EAS/EFCC and LM) concluded
that “Non-HDL-C is not a clinically adequate surrogate of apoB …”
[42]. as did the American Association for Clinical Chemistry [41].

1.5. Conclusions

Dr. Robinson has many more companions in the waters in which she
swims than I do in the waters in which I swim. The guidelines have
been, and remain, the cholesterol guidelines. LDL C has been, and re-
mains, the gold standard for the assessment of cardiovascular risk and
the adequacy of LDL lowering therapy even though multiple head to
head comparisons show that apoB is a more precise marker of risk than
LDL C or non-HDL C and that apoB is also a more precise marker of the
benefit of therapy and the adequacy of therapy than LDL C or non-HDL
C. The reason for the superiority of apoB is not mysterious. Trapping of
apoB particles within the arterial wall is the fundamental step in the
pathophysiology of atherosclerosis. Because the cholesterol content of
apoB particles is variable, neither LDL C nor non-HDL C is always a
precise marker of apoB particle number in plasma and apoB particle
number is the critical determinant of the number of apoB particles
entering and being trapped within the arterial wall. ApoB can be
measured accurately and inexpensively in any clinical laboratory. By
contrast, there is not even an agreed-on method to estimate or measure
LDL C.

Dr. Robinson and I may think about the world in different ways but
there is only one world. Well-designed and well-executed experiments
are the only acceptable method to choose between competing images of
the world. Otherwise evidence-based medicine becomes opinion-based
medicine. Given the evidence I have reviewed, I submit that apoB
should be the primary marker of the cardiovascular risk and the ade-
quacy of lipid lowering therapy and patients should be benefitting from
its routine application in clinical care.

2. Con: Apo B for CVD risk stratification: too much information –
Dr. Jennifer G. Robinson

2.1. Apo B lipoprotein measurement needed for research

Retention of apolipoprotein B-containing (Apo B) lipoproteins in the
arterial subendothelium is the root cause of atherosclerotic cardiovas-
cular disease (ASCVD) [45]. Retained low density lipoprotein (LDL) and
triglyceride-rich remnant apo B lipoproteins potently provoke mala-
daptive immune activation [46,47], which then promotes cell recruit-
ment, further plaque development, and ultimately acute ASCVD events
[48,49]. Reducing the inflow of toxic apo B lipoproteins into the ar-
terial intima allows normal scavenger and phagocytic clearance me-
chanisms to clear the apo B lipoprotein overload [50]. Epidemiologic
studies show that the rate of plaque progression and occurrence of
ASCVD events is associated with the level of and duration of exposure
to apo B lipoproteins [8,51,52]. A causal role for LDL and other apo B
lipoproteins is supported by genetic Mendelian randomization studies,
where individuals with loss of function mutations have lower lifetime
risks of coronary heart disease, despite the presence of other risk factors
[24,47,53]. Given the fundamental causal role of apo B in ASCVD, why
not routinely measure apo B levels in clinical practice?

2.2. Apo B levels: too much information for clinic

Current guidelines recommend the measurement of LDL cholesterol
(LDL-C) levels, and some additionally recommend measuring non-high
density lipoprotein cholesterol (non-HDL-C) levels as a more accurate
assessment of the burden of atherogenic lipoproteins [54–58]. None of
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the major guidelines recommend the routine use of apo B level for risk
stratification or as treatment thresholds or goals.

There are several reasons that adding apo B levels to clinical
treatment guidelines is not needed. Indeed, a more complicated mes-
sage may be confusing to the non-lipidologist, and result impede ap-
propriate LDL-C lowering drug therapy.

2.2.1. Apo B - not needed for risk prediction in primary prevention
Current guideline recommend the use of risk prediction equations

derived from population-based cohorts to identify individuals for drug
therapy [54,59]. For most individuals, LDL-C and apo B levels are lar-
gely concordant, and apo B level adds little to risk prediction based on
LDL-C level [13,15]. However, in a subset with discordance between
apo B and LDL-C level, there is an excess risk of coronary events with
higher apo B levels. This is not surprising since LDL-C is only one of the
circulating apo B lipoproteins. Patients with overnutrition, dysgly-
cemia, or genetic predisposition that place them at increased ASCVD
risk are likely to have very low density lipoprotein (VLDL) and down-
stream intermediate density lipoproteins (IDL) constitute a larger pro-
portion of circulating apo B lipoproteins. Thus, there is less likely to be
a discordance between apo B and non-HDL-C level, which includes
VLDL cholesterol and IDL cholesterol [15].

Another limitation of the analyses demonstrating excess risk from
discordance is that they have evaluated coronary heart disease rather
than the broader outcomes of ASCVD events, which also includes stroke
[13,15]. Notably, the US risk calculators already incorporate non-HDL
by using both total cholesterol and HDL-C in the ASCVD risk prediction
equations, so there is no reason to add non-HDL-C levels [60]. The
SCORE charts for predicting 10-year risk of fatal CVD that are re-
commended by the European guideline include total cholesterol but not
HDL-C [55].

Analyses have not yet been published that evaluate the ability of
apo B levels to correctly reclassify patient risk. While many biomarkers
are independently associated with increased CVD risk after adjusting
for traditional risk factors, few have been shown to correctly increase or
decrease the risk estimate to reclassify risk enough to alter treatment
decisions [60]. It is unlikely that adding apo B level, which is collinear
with LDL-C and non-HDL-C, would provide enough new information to
reclassify significant number of individuals for treatment. Moreover,
advancing age, sex, presence of other cardiovascular risk factors, in-
sulin resistance or diabetes, chronic over-nutrition, and genetic pre-
disposition more strongly influence the rate of atherosclerotic cardio-
vascular disease progression and development of cardiovascular events
than any measurement of lipoproteins alone [52,61]. Indeed, sub-
clinical atherosclerosis (carotid or peripheral plaque or coronary artery
calcification) begins to occurs once when LDL-C levels are> 60mg/dl,
so apo B measurement would be unlikely to provide more discrimina-
tion [52]. Indeed, only coronary artery calcification, a direct measure of
plaque burden, has been shown to meaningfully reclassify patients for
statin therapy based on 10-year ASCVD risk [62].

2.2.2. Apo B - not needed for determining treatment thresholds/goals
In statin-treated patients, both non-HDL-C and apo B levels better

predict subsequent ASCVD events than LDL-C levels, and do so with
similar accuracy [63]. The Friedewald equation has been widely used to
calculate LDL-C levels from measured total cholesterol, triglyceride,
and HDL-C levels (LDL-C= total cholesterol minus triglycerides/5
minus HDLC) [37]. More recently, a method for more accurately cal-
culating LDL-C based on triglyceride level has been developed [39].
When the more accurate LDL calculation method is used, guideline-
recommended management based on treatment goals would be altered
in only a small fraction of individuals by adding either non-HDL-C (2%)
or apo B (1%) goals, including those in high risk groups [36].

2.2.3. Apo B - not needed for guiding treatment
Apo B levels are unlikely to influence choice of therapy. Meta-

analyses of randomized trials of drug therapy clearly show that the
magnitudes of LDL-C or non-HDL-C reduction are driving the magni-
tude of the relative reduction in ASCVD risk [64–66]. Reduction in apo
B levels does not consistently improve risk prediction over the reduc-
tion in LDL-C or non-HDL-C levels [67]. For statins, although apo B
reduction did add information for coronary heart disease events, it
worsened prediction for stroke risk reduction.

The 2013 American College of Cardiology/American Heart
Association (ACC/AHA) cholesterol guideline recommended high in-
tensity statin therapy for high risk patients based on the consistent
ASCVD reduction benefits of high intensity statins in randomized trials
[54]. Subsequent trials of nonstatins added to background statin
therapy have shown incremental ASCVD risk reduction from adding
ezetimibe or a PCSK9 inhibiting monoclonal antibody (mAb) [68–72].
In none of these trials was a treatment-to-goal approach utilized, so it is
difficult to directly determine the potential for an ASCVD risk reduction
from titrating to an apo B target. However, adding a drug to achieve an
apo B target after achieving an LDL-C< 1.8mmol/L (< 70mg/dL)
would likely result in marginal further ASCVD risk reduction (in the
case of ezetimibe) or result in low value care (in the case of PCSK9
mAbs even with discounting) [73]. For example, ezetimibe lowers LDL-
C an about 20% when added to background statin therapy. So in a
patient with an LDL-C=1.78mmol/L (69mg/dL), an adding ezetimibe
would lower LDL-C about 0.39 9mmol/L (15mg/dL), for about an 8%
further reduction in ASCVD risk (using Cholesterol Treatment Trialists
association of 22% reduction in major CVD events per 1mmol/L
(39mg/dL) reduction in LDL-C [74]). If this were a very high risk pa-
tient, such as a patient with ASCVD and diabetes on a moderate in-
tensity statin (e.g., > 30% 10-year ASCVD risk), the 5-year absolute
ASCVD risk reduction would be about 1.2%, or a 83 patients would
need to be treated for 5 years to prevent one ASCVD event (NNT) [73].
The NNT for adding a PCSK9 mAb is lower (about 33 with a 65% LDL-C
reduction), but unlikely to be considered a good value (< $100,000 US
dollars per quality adjusted life year) unless PCSK9 mAb is discounted
to well below $5500 US dollars per year.

In addition, treatment goals can result in inappropriate treatment
responses. For example, choosing a low intensity statin (< 30% LDL-C
reduction on average) to “get to goal”, when high intensity statins
(≥50% LDL-C reduction on average) have been shown in multiple
randomized trials to reduce ASCVD events more than moderate in-
tensity statins [54].

3. Conclusions

Apo B lipoproteins initiate and accelerate atherosclerosis. However,
knowledge of apo B levels is not needed to inform clinical practice.
Indeed, adding apo B targets or thresholds is unnecessary, and could
lead to undue confusion and treatment inertia by clinicians.
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