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A cascade of particles
Lipoproteins  are a heterogenous  mixture  of 
variously  sized particles  that  have differing  
core  composition  and concentration
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Monitoring the lipid profi le

6 tests to assess ovarian reserve in the offi ce

are oxidized, internalized by macrophages, 
and transformed into foam cells, the histo-
logic hallmark of atherosclerosis. With the ac-
cumulation of foam cells, fatty streaks develop 
and, ultimately, so does complex plaque. 

Lipids associated with cardiovascular 
disease (CVD) include:
 • cholesterol
 •  noncholesterol sterols such as sitosterol, 

campesterol, and others of mostly plant 
or shellfi sh origin 

 • triacylglycerol, or triglycerides (TG)
 • phospholipids.

Because lipids are insoluble in aqueous 
solutions such as plasma, they must be “traf-
fi cked” within protein-enwrapped particles 
called lipoproteins. Th e surface proteins that 
provide structure and solubility to lipopro-
teins are called apolipoproteins. A key con-

cept is that, with their surface apolipoproteins 
and cholesterol core, certain lipoproteins are 
potential agents of atherogenesis in that they 
transport sterols into the artery wall.2

Estimation of the risk of CVD involves 
careful analysis of all standard lipid concen-
trations and their various ratios, and predic-
tion of the potential presence of atherogenic 
lipoproteins. Successful prevention or treat-
ment of atherosclerosis entails limiting the 
presence of atherogenic lipoproteins.

A new paradigm is on its way 
Th e atherogenicity of lipoprotein particles is 
determined by particle concentration as well 
as other variables, including particle size, 
lipid composition, and distinct surface apo-
lipoproteins. 

Lipoproteins smaller than 70 nm in di-
ameter are driven into the arterial intima 
primarily by concentration gradients, re-
gardless of lipid composition or particle 
size.3 A recent Consensus Statement from 
the American Diabetes Association and the 
American College of Cardiology observed 
that quantitative analysis of these potentially 
atherogenic lipoproteins is one of the best 
lipid/lipoprotein-related determinants of 
CVD risk.4 Lipoprotein particle concentra-
tions have emerged not only as superb pre-
dictors of risk, but also as goals of therapy.5–7

Because of cost, third-party reimburse-
ment, varying test availability, and lack of in-
terpretive knowledge, few clinicians routinely 
order lipoprotein quantifi cation. Historically, 
CVD risk and goals of therapy have been 
based on lipid concentrations (the amount 
of lipids traffi  cked within lipoprotein cores) 
reported in the lipid profi le. Guidelines from 
the National Cholesterol Education Program, 
Adult Treatment Panel III (NCEP ATP-III)8,9 
and the American Heart Association (AHA) 
CVD Prevention in Women10,11 use lipid con-
centrations such as total cholesterol (TC), 
LDL-C, high-density lipoprotein cholesterol 
(HDL-C), and TG as estimates or surrogates 
of lipoprotein concentrations (TABLE 1). 

Th e day is rapidly approaching, however, 
when lipoprotein concentrations may replace 

How to read a lipid panel 
in 6 quick steps

1. Look at the triglyceride (TG) level. If it is >500 mg/dL, treatment 
is indicated, and TG reduction takes precedence over all other lipid 
concentrations. If TG is <500 mg/dL, go to Step 2.

2. Look at the low-density lipoprotein cholesterol (LDL-C) level. If 
it is >190 mg/dL, drug therapy is indicated regardless of other fi nd-
ings. At lower levels, the need for therapy is based on the patient’s 
overall risk of cardiovascular disease (CVD). Therapeutic lifestyle 
recommendations are always indicated.

3. Look at high-density lipoprotein cholesterol (HDL-C). Increased 
risk is present if it is <50 mg/dL, the threshold for women. Do not 
assume that high HDL-C always means low CVD risk.

4. Calculate the total cholesterol (TC)/HDL-C ratio (a surrogate of 
apoB/apoA-I ratio). Increased risk is present if it is >4.0.

5. Calculate the non-HDL-C level (TC minus HDL-C). If it is >130 
mg/dL (or >100 mg/dL in very-high-risk women), therapy is war-
ranted. Newer data reveal that this calculation is always equal to, 
or better than, LDL-C at predicting CVD risk. Non-HDL-C is less 
valuable if TG is >500 mg/dL.

6. Calculate the TG/HDL-C ratio to estimate the size of LDL. If the 
ratio is >3.8, the likelihood of small LDL is 80%. (Small LDL usually 
has very high LDL-P.)
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remnant particles.18 However, because the 
vast majority of beta-lipoproteins are LDL, 
LDL-C (especially if elevated) is a better 
apoB surrogate than VLDL-C and is the pri-
mary CVD risk factor and goal of therapy in 
every current guideline. 

LDL-C is usually a calculated value us-
ing the formula:

LDL-C = TC … (HDL-C + VLDL-C)
Upon special order, laboratories can di-

rectly measure LDL-C. Th is option is most 
useful when TG levels are high, render-
ing the Friedewald formula less accurate 
(TABLE 2, page 51).19 For population cut 
points and desirable goals of therapy for 
lipid and lipoprotein concentrations, see the 
FIGURE (page 51). 

HDL-C, apoA-I are inversely related 
to cardiovascular risk
Th e epidemiologic data strongly indicate 
that both HDL-C and apoA-I are strongly and 
inversely related to CVD risk.6 HDL particles 
are a heterogenous collection of: 
 • unlipidated apoA-I
 • very small pre-beta HDL
 •  more mature, lipidated HDL3 and HDL2 

species (HDL3 smaller than HDL2). 
NMR nomenclature identifi es the small-

er HDL species as H1 and H2 and the larger 
HDL species as H4 and H5.14 Th e smaller 
HDL species also contain apoA-II. 

Although HDL can acquire cholesterol 
from any cell, including arterial-wall foam 
cells, the majority of HDL lipidation occurs 
in the liver or proximal small intestine, after 
which it is traffi  cked to steroidogenic tissue, 
adipocytes, or back to the liver. Normally, 
HDL carries little TG.20 Th e only lipid concen-
tration that can serve as a surrogate of apoA-I 
or HDL-P is HDL-C, where the assumption is 
that higher HDL-C indicates higher apoA-I, 
and vice versa.

In reality, the correlation between apoA-I 
and HDL-C varies because each HDL particle 
can have from two to four apoA-I molecules, 
and the volume of cholesterol within the par-
ticle is a function of particle size and its TG 
content. For the most part, total HDL-C is in-
dicative of the cholesterol carried in the larg-

er, mature HDL2 (H4, H5) particles; patients 
with low HDL-C typically lack these mature, 
lipidated HDL particles.

Because HDL rapidly and repeatedly 
lipidates and then delipidates, there is no re-
lationship between the HDL-C level and the 
complex dynamic process termed reverse 
cholesterol transport process. Neither HDL-
C, nor apoA-I, nor HDL-P, nor HDL size is 
consistently related to HDL particle func-

Two patients, similar lipid profi les: 
Why is only one at heightened risk? 
Two premenopausal women undergo assessment of their basic 
lipid panel, with these results:

LIPID PATIENT 1 PATIENT 2

Total cholesterol (TC) 180 180

LDL-C 100 100

HDL-C 60 40

VLDL-C 20 40

Triglycerides (TG) 100 200

Non-HDL-C 120 160

TC/HDL-C ratio 3.0 4.5

TG/HDL-C ratio 1.6 5.0

LDL-C, low-density lipoprotein cholesterol
HDL-C, high-density lipoprotein cholesterol
VLDL-C, very-low-density lipoprotein cholesterol

Both patients have the same desirable TC and LDL-C values. How-
ever, further analysis reveals an abnormal TC/HDL-C ratio and an 
abnormal non-HDL-C level in patient 2. This fi nding indicates a 
higher risk of CVD.
 In addition, the TG/HDL-C ratio of 5.0 in patient 2 is highly sug-
gestive of small-LDL phenotype B. That designation means that 
this patient will have 40% to 70% more LDL particles to traffi c her 
LDL-C than patient 1, who appears to have LDL of normal size.27 
The elevated VLDL-C of patient 2 indicates the presence of VLDL 
remnants, which predict risk above that conveyed by LDL-C.7

  The typical clinician, looking only at TC or LDL-C, would miss 
the increased risk (high apoB) in patient 2. Obvious clues to her 
lipoprotein pathology are the elevated TG and reduced HDL-C 
(TG-HDL axis disorder). Beyond elevated TG and reduced HDL-C, 
patient 2 is also likely to have increased waist size, subtle hyper-
tension, and possibly impaired fasting glucose—three additional 
parameters of metabolic syndrome.7,10,25
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6 tests to assess ovarian reserve in the offi ce

tionality„i.e., the ability of HDL to lipidate 
or delipidate, appropriately tra�  c choles-
terol, or perform numerous other nonlipid 
antiatherogenic functions.20,21

Focus on lipoprotein particle 
concentrations
To most accurately predict lipid-related CVD 
risk, you must determine which patients 

have elevated numbers of atherogenic li-
poproteins using actual particle concentra-
tions. In most practices, lipoprotein particle 
numbers must be estimated by scrutinizing 
all of the lipid concentrations and ratios (not 
simply LDL-C). 

TC and, especially, LDL-C are apoB and 
LDL-P surrogates, but the best lipid concen-
tration estimate of apoB is the calculated 
non-HDL-C value. By subtracting HDL-C 

Variable What is it?

Triglycerides (TG)  The triacylglycerol concentration within all of the TG-traf� cking 

lipoproteins in 100 mL or 1 dL of plasma

Total cholesterol (TC) Cholesterol content of all lipoproteins in 1 dL of plasma

Low-density lipoprotein  Cholesterol content of all intermediate-density lipoprotein (IDL) 

(LDL) cholesterol and LDL particles in 1 dL of plasma

High-density lipoprotein  Cholesterol content of all HDL particles in 1 dL of plasma

(HDL) cholesterol

Very-low-density lipoprotein  Cholesterol content of all VLDL particles in 1 dL of plasma

(VLDL) cholesterol

Remnant-C Cholesterol content of all remnants in 1 dL of plasma

Lipoprotein (a) [Lp(a)]  Cholesterol content of LDL particles that have apo(a) attached 

cholesterol 

Lp(a) concentration Concentration of apo(a) in 1 dL of plasma

Non-HDL cholesterol Cholesterol within all apoB particles in 1 dL of plasma

LDL-P Number of LDL particles in 1 L of plasma (expressed in nmol/L).

  This represents LDL particles of all sizes

Small LDL-P Number of small and intermediate LDL particles in 1 L of 

  plasma (nmol/L)

HDL-P Number of HDL particles in 1 L of plasma (µmol/L). HDL-P is 

  also reported as large, intermediate, and small HDL-P (µmol/L)

VLDL-P Number of VLDL particles in 1 L of plasma (nmol/L)

IDL-P Number of IDL particles in 1 L of plasma (nmol/L) 

LDL size Diameter of the predominant LDL species:

  • Pattern or phenotype A refers to predominantly large, 

   buoyant LDL particles

  •  Pattern or phenotype B refers to predominantly small, dense 

LDL particles

Lipids and lipoproteins: A glossary

The best lipid 
concentration 
estimate of 
apoB is the 
calculated non-
HDL-C value
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from TC, it is possible to identify the choles-
terol not in the HDL particles but in all of the 
potentially atherogenic apoB particles. In es-
sence, non-HDL-C is VLDL-C plus LDL-C. 
Th is equation yields a better apoB or LDL-P 
proxy, compared with LDL-C alone.18 If a pa-
tient has reached her LDL-C goal but still has 
a high non-HDL-C level, we can assume that 
there are still too many apoB particles and 
that they are contributing to residual risk. 

Because LDL is the predominant apoB 
species, non-HDL-C is the best lipid concen-
tration predictor of LDL-P.15 Because neither 
TC nor HDL-C assays require a patient to fast, 
non-HDL-C is accurate in nonfasting pa-
tients, making it a very practical way to screen 
for CVD risk.8 In the Women’s Health Study, 
which involved mostly healthy women, non-
HDL-C predicted the risk of coronary heart 
disease as well as apoB did, but not as well as 
LDL-P.22,23 In independent, separately pub-
lished analyses from the Framingham Off -
spring Study, LDL-P was a better predictor of 
risk than LDL-C and apoB.15,24

NCEP ATP-III guidelines introduced 
non-HDL-C as a secondary goal of therapy 
in patients with TG >200 mg/dL. Subsequent 
data indicate that non-HDL-C is always a 
better predictor of risk than LDL-C is, regard-
less of TG levels.18

Th e AHA Women’s Guideline was the 
fi rst to set a desired non-HDL-C level (130 
mg/dL) independent of the TG value.10 Be-
cause a normal VLDL-C concentration is 30 
mg/dL, the non-HDL-C goal is 30 mg/dL 
above the desired LDL-C goal. For example, 
if the desired LDL-C value is 100 mg/dL, the 
non-HDL-C goal is 130 mg/dL. If the desired 
LDL-C goal is 70 mg/dL—as it is in a patient 
at very high risk—the non-HDL-C goal would 
be 100 mg/dL (FIGURE).9,11

Insulin resistance diminishes 
accuracy of lipid profi le
Th e ability to predict lipoprotein particle con-
centrations using the lipid profi le becomes 
far less accurate in situations associated with 
insulin resistance and metabolic syndrome 
in patients who have TG-HDL axis disorders. 

TC = apoA-I-C + apoB-C 

TC = HDL-C + LDL-C + VLDL-C + IDL-C + Chylomicron-C + Lp(a)-C + 

Remnant-C

In a fasting patient under normal circumstances, there are no 

chylomicrons and remnants (smaller chylomicrons or VLDL particles) 

and very few, if any, IDL particles. These are postprandial lipoproteins. 

Most patients do not have Lp(a) pathology. Therefore, the lipid 

concentration formula simplifi es:

TC = HDL-C + LDL-C + VLDL-C

VLDL-C is estimated by TG/5 (assumes that all TG is in VLDL and that 

VLDL TG:cholesterol composition is 5:1). Therefore:

TC = HDL-C + LDL-C + TG/5

LDL-C = TC – (HDL-C + TG/5)

Non-HDL-C = TC – HDL-C

In actuality, the calculated or directly measured LDL-C values in the 

standard lipid panel represent LDL-C + IDL-C + Lp(a)-C. However, 

because labs do not usually separate IDL and Lp(a) particles from 

LDL (without signifi cant added expense), only total LDL-C is reported.

 How lipid concentrations are determined TABLE 2

 Population percentile cut 
points and goals for LDL-C, LDL-P, ApoB, 
and non-HDL-C

 FIGURE

Goal for 

very-high-risk 

patients

ApoB

LDL-P

LDL-C

ApoB

LDL-P

LDL-C

Non-HDL -C Non-HDL -C

Goal for 

high-risk 

patients

Goal for 

low-risk 

patients

20th 50th 80th

20th 50th 80th

20th 50th 80th

mg/dL

nmol/L

mg/dL

Population cut points 

(NCEP ATP III)

Population cut points 

(MESA Trial)

Population cut points 

(NHANES)

mg/dL

CONTINUED ON PAGE 52
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In women, these disorders are typi� ed by an 
elevation of TG >150 mg/dL and a decrease 
in HDL-C <50 mg/dL, with borderline or 
normal LDL-C levels.25 

As TG begins to rise above 120 mg/dL, 
hepatic secretion of TG-rich VLDL particles 
increases. As VLDL-TG is hydrolyzed by li-
poprotein lipase in muscle and fat cells, in a 
process termed lipolysis, VLDL shrinks and 
transforms into IDL. Ultimately, unless it is 
cleared by hepatic LDL receptors, the IDL un-
dergoes additional lipolysis by hepatic lipase 
and transforms into LDL particles. Because of 
their longer half-life, these LDL particles ac-
cumulate, further elevating apoB and LDL-P.

In the presence of TG-rich VLDL and 
chylomicrons, additional pathologic particle 
remodeling occurs. By way of a lipid transfer 
protein called cholesteryl ester transfer pro-
tein (CETP), some of the TG molecules pres-
ent in TG-rich lipoproteins are exchanged for 

cholesteryl esters in LDL and HDL. � is lipid 
transfer creates LDL and HDL that are TG-
rich and cholesterol-poor, enabling additional 
TG lipolysis by hepatic lipase to create smaller 
LDL and HDL. � e latter is so small that it can 
pass through renal glomeruli and be excreted, 
leading to reductions of HDL-P, apoA-I, and 
HDL-C. 

Also created in this process are smaller, 
atherogenic, cholesterol-rich VLDL and 
chylomicron remnants, diagnosable by an 
elevated VLDL-C. Patients who have this pa-
thology typically have elevated TG, reduced 
HDL-C, variable LDL-C, and an increased 
TG/HDL-C ratio (>3.8), which are indicative 
of too many small LDL particles (high apoB, 
LDL-P) and reduced number of HDL parti-
cles (high apoB/A-I ratio).26,27

Such a scenario, typical of TG-HDL axis 
disorders, explains much of the risk associat-
ed with rising TG levels and is very common 
in premenopausal women who have insu-
lin-resistant states such as type 2 diabetes 
or polycystic ovary syndrome and in meno-
pausal women who have insulin resistance 
and coronary artery disease.1

LDL-C and LDL-P do not 
always correlate
Because the volume of a lipoprotein is a 
function of its radius cubed (V = 4/3πr3),14 a 
patient who has small LDL will require up 
to 40% to 70% more LDL particles to tra�  c 
a given amount of LDL-C. In such a patient, 
there is often little correlation between LDL-
C and LDL-P or apoB values. Regardless of 
the LDL-C, the apoB, LDL-P, or non-HDL-C 
is often elevated.28 � is risk, which cannot 
be predicted by looking only at LDL-C, is the 
main reason guidelines advocate the use of 
non-HDL-C or the TC/HDL-C ratio.8,11 (See 
the case studies on page 49.)

In summary, a large part of the risk of 
CVD seen in patients who have low HDL-
C derives from the associated increase in 
the number of apoB particles, mostly com-
posed of small LDL, as well as an increase 
in remnant particles.15,21,28 � is crucial point 
explains why treatment of low HDL-C states 

High-density lipoprotein cholesterol 

(HDL-C) <50 mg/dL

Triglyceride (TG) >130–150 mg/dL

Total cholesterol/HDL-C ratio >4.0 with normal 

low-density lipoprotein cholesterol (LDL-C)

TG/HDL-C ratio >3.8 in women

Unremarkable LDL-C but elevated non-HDL-C

 Lipid markers of 
small low-density lipoproteins
 TABLE 3

Triglyceride (TG) >150–200 mg/dL

Very-low-density lipoprotein cholesterol 

>30 mg/dL

Unremarkable low-density lipoprotein choles-

terol with elevated non-high-density lipopro-

tein cholesterol (HDL-C)

Low HDL-C in insulin-resistant patients

Elevated total cholesterol/HDL-C ratio and 

TG >150 mg/dL

 Lipid markers of 
remnant lipoproteins
 TABLE 4

Both NCEP ATP-III 
and AHA Women’s 
Guidelines use the 
total cholesterol/
HDL ratio as 
a powerful risk 
predictor
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