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Not everything that can be counted counts, and not every-
thing that counts can be counted.
     Albert Einstein1

During the past 2 decades, considerable progress has 
been made in establishing the lipid hypothesis and the 

importance of lipid profiles, especially the levels of low-
density lipoprotein cholesterol (LDL-C) but also levels of 
high-density lipoprotein cholesterol (HDL-C) and triglyc-
erides (TGs), for predicting risk of coronary heart disease 
(CHD).2-5 Additionally, many large-scale randomized con-
trolled studies of lipid intervention, especially with the statin 
family of medications, have established the role of improv-
ing lipid levels, particularly levels of LDL-C, for CHD risk 
reduction.6 However, despite the use of the highest doses of 
the most potent statins, many patients continue to have ma-
jor cardiovascular (CV) events (or “residual risk”).
 In this issue of Mayo Clinic Proceedings, Harper and 
Jacobson7 point out that, despite considerable evidence 
supporting focused efforts to reduce LDL-C in primary 
and secondary CHD prevention, this strategy has many 
limitations. Clearly, other lipid parameters, including 
TGs, HDL-C, total cholesterol/HDL ratio and, especially, 
non–HDL-C, may also be important for predicting CV 
outcomes in patients receiving LDL-C–lowering thera-
pies.7,8 Harper and Jacobson’s commentary particularly 
emphasizes the potential role of apolipoprotein (apo) B 
to predict clinical risk and to serve as a target of therapy, 
providing suggestions for the routine measurement of apo 
B and using this measurement in efforts to optimize medi-
cal intervention.
 We do not dispute that levels of apo B are strongly re-
lated with CHD risk, which has also been argued for many 
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years by other experts.9-11 This clearly makes sense because  
apo B is a key structural component of nearly all athero-
genic lipoprotein particles. However, the major questions 
are whether clinicians really need another lipoprotein pa-
rameter to measure and whether measurement and inter-
vention directed at apo B will clearly enhance existing ef-
forts at CHD risk reduction.

Non–HDL-C
In an effort to reduce this “residual risk,” one can make a 
strong case to support efforts that address levels of non–
HDL-C.7,8,12,13 Although non–HDL-C is not a new concept 
(this was defined as the second lipid target by the National 
Cholesterol Education Program/Adult Treatment Panel III 
[ATP III] guidelines in 2001),14 this has not been widely  
adopted in routine clinical practice. In fact, in our experi-
ence, many house staff and busy practicing clinicians are un-
familiar with what non–HDL-C represents, how to measure 
it, and the goals for non–HDL-C (see Table 1 in the com-
mentary by Harper and Jacobson7). This is not surprising 
since a considerable amount of lipid education during the 
past decade has been directed at statins, with the emphasis 
predominantly directed at reducing levels of LDL-C. Al-
though other families of lipid medications are also effective 
(eg, niacin, fibrates, omega-3 fatty acids), these have not re-
ceived the same degree of attention that has been directed at 
statin intervention.4,5,15

 Importantly, a standard fasting lipid profile includes 
direct measurement of total cholesterol, HDL-C, and TG 
values. In contrast, LDL-C is almost always a calculated 
value, arrived at by subtracting the HDL-C and 1/5 of the 
TG (which represents very low-density lipoprotein choles-
terol [VLDL-C]) from the total cholesterol. Non–HDL-C 
is simply the total cholesterol minus HDL-C.2,13,14 This cal-
culation may be more accurate than the one for LDL-C, es-
pecially when TG values are moderately elevated (particu-
larly TGs >400-500 mg/dL; to convert to mmol/L, multiply 
by 0.0113), making the VLDL-C calculation unreliable. 
Therefore, at no additional cost beyond the fasting lipid 
profile charge, non–HDL-C measures all atherogenic apo 
B–containing lipoproteins, including LDL-C and VLDL-
C, and to a lesser extent intermediate-dense lipoprotein 
cholesterol (IDL-C), chylomicrons, chylomicron rem-
nants, and lipoprotein(a) (Figure 1).7,13 According to ATP 
III guidelines, in patients with very high TG values (≥500 
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mg/dL), the primary goal is treating TGs, with LDL-C and 
non–HDL-C being secondary goals. However, in the vast 
majority of patients with either normal (<150 mg/dL) or 
borderline (150-199 mg/dL) TG values, the primary goal is 
LDL-C. In patients with elevated TG values (200-499 mg/
dL), the primary goal is LDL-C, and non–HDL-C is the 
secondary goal. As illustrated in Table 1 in the article by 
Harper and Jacobson, the non–HDL-C goals are relatively 
simple to remember and use: 30 mg/dL higher than the 
LDL-C goal. For example, if the LDL-C goal is less than 
100 mg/dL (to convert to mmol/L, multiply by 0.0259), 
the non–HDL-C goal would be less than 130 mg/dL (to 
convert to mmol/L, multiply by 0.0259), or if the patient 
is at high risk and the “optional” LDL-C goal of less than 
70 mg/dL is targeted, the corresponding non–HDL-C goal 
would be less than 100 mg/dL.
 In fact, as Harper and Jacobson and others have demon-
strated,7,8,12-17 levels of non–HDL-C correlate strongly with 
levels of apo B, and both non–HDL-C and apo B levels 
predict overall CV risk better than does LDL-C.7 Moreover, 
studies have demonstrated that lowering of non–HDL-C 
levels predicts CHD risk reduction in a 1:1 relationship 
in pharmacologic lipid intervention studies and that non–
HDL-C performed nearly twice as effectively as did LDL-
C for predicting CHD risk reduction.12,13

Apo B vs Non–HDL-C
Arguably, apo B appears to predict risk as well as or pos-
sibly slightly more accurately than does non–HDL-C.7,9-11 
Although apo B levels predict risk considerably better than 
does LDL-C in statin-treated patients,7 they provide essen-
tially no additive information beyond that obtained with 

non–HDL-C levels in predicting risk in such patients.13,16,17 
Because statins are considered the first-line agents for CV 
risk reduction in almost all patients for primary and, par-
ticularly, secondary CHD prevention, non–HDL-C is virtu-
ally as good as apo B for most patients. And unlike apo B, 
non–HDL-C is easily determined from the standard lipid 
profile, requiring no additional expense and is therefore 
readily available.18 All considered, these issues provide a 
strong argument for routine measurement and intervention 
directed at non–HDL-C, rather than apo B or possibly even 
LDL-C.
 Currently, appreciable efforts are being directed toward  
adding therapies (eg, niacin, fibrates, and omega-3 polyun-
saturated fatty acids) to statins in efforts to improve HDL-
C and TG values, which would reduce both non-HDL and 
apo B values and hopefully lead to additional CV risk re-
duction.2,4,5,15,19,20 Certainly, in the TNT (Treatment to New 
Targets) trial of high-dose (80 mg) and low-dose (10 mg) 
atorvastatin in more than 10,000 patients with stable CHD, 
even in those who achieved LDL-C values lower than 70 
mg/dL (mostly with high-dose therapy), CHD risk was still 
strongly influenced by low levels of HDL-C (Figure 2)21; 
the same is true in the PROVE IT-TIMI 22 (Prava statin  
or Atorvastatin Evaluation and Infection Therapy—Throm-
bolysis in Myocardial Infarction 22), which found that ex-
cess risk due to elevated TG values (≥150 mg dL) persisted 
even when LDL-C levels were lower than 70 mg/dL in pa-
tients receiving treatment (Figure 3).22 By definition, these 
patients with elevated TGs, particularly with concomitant 
low HDL-C, will have elevated levels of non–HDL-C. In 
the recent ARBITER 6-HALTS trial (Arterial Biology 
for the Investigation of the Treatment Effect of Reducing 
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FIGuRE 1. Potential targets of lipid intervention. Low-density lipoprotein cholesterol 
(LDL-C) and non–high-density lipoprotein cholesterol (non–HDL-C) are recommended 
as the primary and secondary targets of therapy. Apo = apolipoprotein; IDL = interme-
diate-density lipoprotein; Lp(a) = lipoprotein(a); VLDL = very low-density lipoprotein.
From J Am Coll Cardiol,13 with permission from Elsevier.
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Cholesterol 6-HDL and LDL Treatment Strategies),23 nia-
cin and statin therapy increased HDL-C levels, reduced 
carotid intima media thickness, and lowered CV events 
compared with statin and ezetimibe therapy, supporting 
the concept of HDL-C as a lipoprotein particle mediating 
reverse cholesterol transport through the action of apo AI. 
Large-scale studies are under way that will further assess 
the efficacy of the HDL/TG therapy; however, in the mean-
time, a recent meta-analysis from trials using statins, niacin, 
and fibrates failed to demonstrate that changes in HDL-C or 
TGs predicted CHD risk above and beyond those predicted 
from LDL-C reduction.24 In recent years, using levels of  
C-reactive protein (CRP) to predict risk has received consid-
erable attention, with some evidence suggesting that CRP 
could be a target of therapy in both primary and secondary 
prevention and that CRP may be ready for “prime time” in 
preventive cardiology.25,26 Not surprisingly, apo AI may be a 
better predictor of risk than HDL-C, similar to apo B being 
a better predictor of risk than LDL-C.27 The apo B/apo AI 
ratio may also strongly predict risk; this was demonstrated 
to be the most powerful risk factor in the landmark INTER-
HEART study, which included nearly 30,000 participants 
from 52 countries.28 Additional tools are needed to improve 
CHD risk assessment, particularly to address and reduce the 
residual risk.29 Currently, we think that the most promising 

parameters are non–HDL-C and CRP; however, apo B may 
not be clinically necessary or economically feasible at this 

FIGuRE 2. In patients with stable chronic heart disease, levels of high-density lipo-
protein cholesterol (HDL-C) continue to predict risk at any given level of low-density 
lipoprotein cholesterol (LDL-C) during treatment. 
Adapted from N Engl J Med,21 with permission. Copyright ©2007 Massachusetts Medi-
cal Society. All rights reserved.
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to mmol/L, multiply by 0.0113) predict risk even in those with low-
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time. Finally, greater efforts at weight reduction and pre-
vention of overweightness and obesity,30 maintaining high 
cardiorespiratory fitness with regular exercise training,31 and 
smoking cessation are all needed in a comprehensive pro-
gram of primary and secondary CHD prevention.29

Recommendations

How should clinicians and guidelines proceed with regard 
to apo B and other novel lipid parameters based on the cur-
rent evidence? We certainly would not object if clinicians 
decide to measure and treat apo B, as suggested by Harper 
and Jacobson,7 Sniderman and others.9-11,32 Clearly, in some 
patients, apo B may identify moderate risk that was not 
suggested by LDL-C or non–HDL-C.11,32 The patients in 
the recent JUPITER (Justification for the Use of Statins 
in Prevention: an Intervention Trial Evaluating Rosuvasta-
tin) trial33 represent an example of this, although all these 
patients had high levels of CRP. The question is whether 
clinicians should be routinely encouraged or mandated to 
measure and treat apo B. Although apo B has been sug-
gested as an alternative target by the Canadian Working 
Group34 and a joint Consensus Statement by the American 
Diabetes Association and the American College of Cardiol-
ogy,35 we doubt that most organizations or major guideline 
statements will endorse apo B as a routine parameter in the 
near future. Regarding assessment of lipoprotein concentra-
tions, other lipoprotein parameters, and modified lipids be-
yond the standard lipid profile (including LDL particle size 
and density, and apo B), we agree with the recent guide-
line paper from the 2009 American College of Cardiology 
Foundations/American Heart Association that there is “no 
evidence that the assessment of additional lipid parameters 
leads to improved net health outcomes,” thus giving this a 
class III (level of evidence C) recommendation.36

 In contrast, assessment of non–HDL-C requires no ad-
ditional cost and is readily available for clinical use.13 Al-
though this has been in the guidelines since 2001,14 only 
recently has interest in the clinical use of non–HDL-C 
been heightened. Currently, non–HDL-C is a secondary 
goal for all patients with elevated TGs (200-499 mg/dL), 
but considering the current level of evidence, we agree 
with the recent assertion by Robinson13 that “ultimately, 
it may be desirable to move toward non–HDL-C as the 
primary target of therapy once non–HDL-C has been rou-
tinely incorporated into clinical practice.” We also agree 
that intensive education of health care professionals re-
garding the value of non–HDL-C is urgently needed, as is 
a campaign to convince lipid laboratory directors to rou-
tinely report the non–HDL-C values and goals of therapy, 
which would greatly aid clinican education and accep-
tance of its importance. Efforts to also use apo B should 
currently be put on hold, with the emphasis being placed 

on LDL-C, TGs, HDL-C, and, particularly, non–HDL-C 
(all available from the simple lipid profile). As the Nor-
wegian ethnologist Thor-Heyerdahl noted “Progress is 
man’s ability to complicate simplicity,"37 which also re-
minds us that the famous Italian draftsman, sculptor, and 
painter Leonardo da Vinci said, “Simplicity is the ulti-
mate sophistication.”38 For now, we should keep things 
simple, with the basic fasting lipid profile and greater em-
phasis on not only obtaining the LDL-C aggressive goals 
but also focusing on reducing levels and achieving goals 
for non–HDL-C.

conclusion

We strongly support the routine assessment and treatment 
directed at levels of non–HDL-C, as well as including these 
values and goals in routine laboratory reports. Despite the 
well-written commentary by Harper and Jacobson7 and the 
excellent points that they make, we do not think that the 
overall evidence currently supports the need for routinely 
measuring and treating apo B in modern clinical practice.
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