
8 Vol. 7, No. 1 ■ February 2007

ABSTRACT

The reduction of cardiovascular risk by low-
ering low-density lipoprotein cholesterol (LDL-C)
levels is well documented, and LDL-C remains the
main target of lipid-lowering therapy. However,
not all patients with coronary heart disease have
elevated LDL-C levels. There is growing recogni-
tion that non–high-density lipoprotein cholesterol
(HDL-C) also strongly relates to cardiovascular
risk. Non–HDL-C can be calculated by subtract-
ing HDL-C from total cholesterol, and encom-
passes all cholesterol present in potentially
atherogenic lipoprotein particles (very low den-
sity-lipoproteins, remnants, intermediate-density
lipoproteins, LDL, and lipoprotein[a]). Non–HDL-
C may be a particularly important measure in
certain populations, such as patients with dia-
betes, in whom dyslipidemia is characterized by
low HDL-C levels and elevated triglycerides.
Non–HDL-C has been shown to correlate with
coronary artery disease severity and progres-
sion as well as predict cardiovascular morbidity
and mortality. 
(Adv Stud Med. 2007;7(1):8-11)

Many people who develop coro n a ry
h e a rt disease have low - d e n s i t y
l i p o p rotein cholesterol (LDL-C)
l e vels that are normal or only mild-
ly elevated, but have low high-den-

sity lipoprotein cholesterol (HDL-C) levels and/or high
t r i g l ycerides (TG). Focusing exc l u s i vely on LDL-C as
an indicator of risk in these individuals may not accu-
rately detect many high-risk patients. W h e reas LDL-C
remains the main target of lipid-lowering therapy,
non–HDL-C has been designated a secondary target of
therapy among individuals with hypert r i g l yc e r i d e m i a
by the National Cholesterol Education Pro g r a m’s
(NCEP) Ex p e rt Pa n e l .1 , 2 In the following paragraphs,
we will define non–HDL-C and re v i ew its re l a t i o n s h i p
to coro n a ry athero s c l e rosis and coro n a ry eve n t s .

INTERPRETING THE LIPID PROFILE

A standard lipid profile consists of total cholestero l
(TC), HDL-C, and TGs. The laboratory also generally
re p o rts a value for LDL-C that may have been calculat-
ed by the Fr i e d ewald formula or directly measure d .

Lipid data are more difficult to interpret than stan-
dard chemistries for several reasons. First, cholesterol
and TGs are not in solution like electrolytes and other
chemistries. Rather, cholesterol and TGs are transport-
ed in a variety of lipoprotein particles containing cho-
lesterol and TGs, but in very different proportions.
Although HDL/HDL-C and LDL/LDL-C are fre-
quently used interchangeably, it is very important to
make a distinction between the cholesterol content of
any given particle and the particle itself.

The spectrum of lipoprotein particles in circ u l a t i o n
is ve ry large. These differ by density and size, ranging
f rom small HDL particles to ve ry large chylomicro n
p a rticles. Each particle has a hyd rophobic core com-
posed of TGs and cholesterol ester and a hyd ro p h i l i c
s u rface containing phospholipids, cholesterol, and,
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most import a n t l y, the apolipoprotein(s) which deter-
mine(s) the metabolic fate of the particle. The re l a t i ve
p ro p o rtion of cholesterol and TG va ry significantly by
p a rticle. For example, chylomicron particles and ve ry
l ow-density lipoprotein (VLDL) particles have a small
p ro p o rtion of cholesterol and a high percentage of
TGs, whereas LDL particles have a large percentage of
c h o l e s t e rol and small percentage of TGs. The clinician
has the difficult task to infer lipoprotein particle phys-
iology and pathophysiology from concentrations of
c h o l e s t e rol and TGs re p o rted by the clinical laboratory.

LOOKING BEYOND STANDARD LDL-C MEASURES

The vast majority of laboratories calculate LDL-C
using the Fr i e d ewald equation: TC – HDL-C – TG/5 =
LDL-C. The component of the equation, “TGs divided
by 5,” actually re p resents an approximation of the cho-
l e s t e rol content of VLDL particles—one that is corre c t
only when the proband is fasting, the TG value is less
than 400 mg/dL, and the particle composition is nor-
mal. It is important to remember that the Fr i e d ew a l d
calculation includes lipoprotein(a) and also intermedi-
ate-density lipoprotein cholesterol (IDL-C) in the LDL-
C fraction.

It is now clear that LDL is not the only potentially
atherogenic lipoprotein, but that other apoprotein

B—containing particles, such as VLDL, VLDL rem-
nants, chylomicron remnants, and IDL—are also
potentially atherogenic. Thus, a better summary mea-
sure of the overall atherogenicity of a patient’s serum is
needed. Apoprotein B is such a measure, but is not
widely available in commercial laboratories.

A measure that can be easily calculated by clini-
cians in any location is non–HDL-C. This value is cal-
culated by subtracting HDL-C from TC, both of
which are measured directly. The non–HDL-C calcu-
lation does not assume normal lipoprotein composi-
tion, does not require a fasting specimen, and reflects
the sum of serum cholesterol carried by all of the
potentially atherogenic lipoproteins—LDL, VLDL,
IDL, and remnant lipoproteins.

In vestigators from the T h i rd National Health and
Nutrition Examination Su rvey have published national
re f e rence values for non–HDL-C (Fi g u re). Ga rdner et al
determined serum levels of non–HDL-C and sociode-
mographic characteristics for 3618 black, 3528 Me x i c a n
American, and 6043 white women and men, aged older
than 25 ye a r s .3 Non–HDL-C concentrations we re high-
er in men than in women in the younger age categories,
a finding likely explained by the fact that women are
k n own to have higher HDL-C than men. In the 55- to
6 4 - year-old age category, howe ve r, non–HDL-C leve l s
began to rise in women, a change likely related to hor-

F i g u re. Non–HDL-C Distribution

HDL-C = high-density lipoprotein cholesterol.

Data from Gardner et al.3
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monal changes at the time of menopause. The study also
found that non–HDL-C concentrations we re highest
among people aged 55 to 64 years, and higher among
Mexican American and white women and men than
black women and men. Lower education levels we re
associated with higher non–HDL-C concentrations.3

NON–HDL-C CONCENTRATION AND

CARDIOVASCULAR RISK

Mounting evidence suggests that a relationship
exists between non–HDL-C and atherosclerosis, even
in very young individuals. An autopsy investigation of
young people who died from noncardiovascular causes
showed that non–HDL-C was associated with the
presence of fatty streaks and raised lesions in the coro-
nary arteries. The study showed a very strong graded
relationship between the extent of atherosclerosis and
the level of HDL-C and non–HDL-C.4

A relationship between coro n a ry art e ry disease pro-
g ression and non–HDL-C was demonstrated more than
15 years ago in a multivariate logistic re g ression analysis
of data from the Cholesterol Lowering At h e ro s c l e ro s i s
St u d y, a randomized, placebo-controlled trial of
colestipol plus niacin therapy in men with pre v i o u s
c o ro n a ry bypass surgery.5 In this multivariate analysis,
non–HDL-C appeared to be the best predictor of ove r-
all change in extent of coro n a ry disease among men who
we re not using cholestero l - l owering medications.

The Lipid Re s e a rch Clinics Fo l l ow-up St u d y
sought to determine whether non–HDL-C was pre-
dictive of cardiovascular disease (CVD) mortality in
patients aged 40 to 64 years who were free of CVD at
baseline.6 In men, the predictive value of
LDL-C and non–HDL-C was similar
whereas non–HDL-C appeared to be a
stronger predictor among women.

This author investigated the role of
non–HDL-C in a secondary pre ve n t i o n
population of subjects in the By p a s s /
Angioplasty Re vascularization In ve s t i g a t i o n ,
a randomized trial of percutaneous translu-
minal coro n a ry angioplasty versus coro n a ry
a rt e ry bypass graft in individuals with mul-
t i vessel coro n a ry art e ry disease. W h e re a s
p revious studies demonstrated the pre d i c t i ve
value of non–HDL-C in individuals free of
CVD, this study sought to validate the use
of non–HDL-C as a predictor of outcome

among patients with established coro n a ry disease. At 5
years, non–HDL-C was an important independent pre-
dictor of nonfatal myo c a rdial infarction and angina,
e ven following adjustments for demographics and
many clinical characteristics known to influence out-
comes in this patient population. Neither HDL-C nor
LDL-C we re pre d i c t i ve of outcome. TG values we re
p re d i c t i ve of nonfatal myo c a rdial infarction but not
angina pectoris.

NON–HDL-C AND DIABETES

Cardiovascular disease is currently the primary
cause of morbidity and mortality in patients with 
diabetes. Heart disease and stroke account for approx-
imately 65% of deaths in people with diabetes. Adults
with diabetes have heart disease death rates approxi-
mately 2 to 4 times higher than adults without 
diabetes.7 Given these facts, it is particularly important
to accurately identify and address CVD risk in this
population.

There is increasing evidence that non–HDL-C
may be a more powerful predictor of coronary heart
disease mortality and nonfatal coronary events than
LDL-C in people with diabetes. The Strong Heart
Study8 was a population-based study of CVD and its
risk factors in American Indians, who are at increased
risk of diabetes. Those who have diabetes also have a
greatly increased risk of CVD.9 Using data collected
during this prospective study, Lu et al evaluated the
ability of non–HDL-C and individual lipoprotein
indicators to predict CVD in 2108 study subjects diag-
nosed with diabetes.10 Univariate comparisons of base-

Ta b l e. LDL-C and Non–HDL-C Treatment Targets

HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol.

Data from Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on

Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel

III) final report1 and Grundy et al.2

LDL-C, mg/dL Non–HDL-C, mg/dL

High risk (�20%) <100 <130

optional for very high risk (optional: <70) (optional: <100)

Moderate risk (�2 risk factors, <20%) <130 <160

optional for moderately high risk (optional: <100) (optional: <130)

Low risk (0–1 risk factor) <160 <190
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line CVD risk factors revealed that study subjects
reported to have increasing non–HDL-C concentra-
tions had significant, curvilinear relationships with
CVD and chronic heart disease risk (P < . 0 0 1 ) .
Although the confidence intervals (CI) were overlap-
ping, hazard ratios (HR) for non–HDL-C were high-
er than those for either LDL-C or TGs for prediction
of cardiovascular outcomes in men and women, with
an HR of 2.23 (95% CI, 1.41–3.43) in men and an
HR of 1.80 (95% CI, 1.32–2.46) in women. In
women, non–HDL-C was an even stronger predictor
than the TC:HDL-C ratio.

CONCLUSIONS

Taken together, these studies provide convincing
evidence that non–HDL-C is a strong predictor of car-
diovascular risk in a variety of populations: individuals
of all ages, women and men, persons with and without
diabetes, and in individuals with and without docu-
mented CVD. Moreover, non–HDL-C predicts ather-
osclerosis progression over as little as 2 years of
follow-up, as well as cardiovascular events and mortal-
ity over the long term. A direct comparison of the
prognostic value of LDL-C and non–HDL-C is diffi-
cult when LDL-C is calculated rather than directly
measured, because LDL-C values cannot be calculated
in precisely those individuals who have greater con-
centrations of potentially atherogenic TG - r i c h
lipoproteins. Thus, direct comparisons between LDL-
C and non–HDL-C may actually under-represent the
value of the non–HDL-C measure.

The NCEP Adult Treatment Panel III established
LDL-C as the primary target of therapy. Non–HDL-
C is a secondary treatment target in individuals who
have TGs of at least 200 mg/dL. Guideline cut-points
for non–HDL-C, shown in the Table, are set at 30
mg/dL higher than for LDL-C for every risk category.

Given the mounting evidence that non–HDL-C is
a strong predictor of cardiovascular risk and patient
outcomes, laboratories should be encouraged to rou-
tinely report this value as part of every lipid profile, 

and clinicians should routinely consider this laborato-
ry value as part of their comprehensive approach to
preventing or delaying CVD in their patients with
hypertriglyceridemia.
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