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How should low-density lipoprotein 

cholesterol concentration be determined?
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The National Cholesterol Education Program Adult
Treatment Panel III Report (NCEP-ATP III) has
identified low-density lipoprotein cholesterol (LDL-
C) as the primary target of therapy and has recom-
mended using the Friedewald calculated LDL-C (C-
LDL-C). The present study compared a direct LDL-
C (D-LDL-C) method with the C-LDL-C and deter-
mined the possible impact on treatment decisions.
C-LDL-C and D-LDL-C were compared in 464 con-
secutive patients. The D-LDL-C was 18% higher
than the C-LDL-C at 100 mg/dL, an important level
for medical decision making. This can result in
inappropriate drug therapy (usually overtreatment)
if the NCEP-ATP III treatment guidelines are fol-
lowed with the D-LDL-C rather than the C-LDL-C.
The C-LDL-C is preferred because this assay has
been used in clinical trials documenting the bene-
fits of cholesterol-lowering therapy.
■ K E Y  W O R D S Low-density lipoprotein cho-
lesterol; lipids; measurement; treatment goal; cho-
lesterol. (J Fam Pract 2002; 51: 973–975)

The National Cholesterol Education Program
Adult Treatment Panel III Report (NCEP-ATP III)

has identified low-density lipoprotein cholesterol
(LDL-C) as the primary target of therapy.1,2 The
Friedewald calculated LDL-C (C-LDL-C) is the pre-

ferred method2,3 and is calculated with the following
equation:

LDL-C � TC � HDL-C � TG/5

where TC is total cholesterol concentration,
HDL-C is high-density lipoprotein cholesterol con-
centration, and TG is triglyceride concentration.
The complete NCEP-ATP III report has indicated
that methods to directly measure LDL-C (D-LDL-C)
in the non-fasting state have been developed and
will grow in use but require careful quality con-
trol.2 Our VA hospital clinical laboratory is 1 of 10
hospitals in the South Central VA Health Care
Network that routinely reports D-LDL-C rather than
C-LDL-C levels to clinicians. Telephone calls to 4
other research and clinical laboratories found that
all are using D-LDL-C to some extent.

D-LDL-C assays correlate variably with C-LDL-C
measurements used in research studies.4–17 The pur-
ported advantages of such measurements are that
fasting is not required and that D-LDL-C may be
determined in patients with serum triglyceride lev-
els greater than 400 mg/dL when the C-LDL-C and
HDL-C are less reliable. However, clinical trials
demonstrating benefit of lowering LDL-C with drug
therapy used the C-LDL-C.18–22 Only the recently
reported Heart Protection Study used a non-fasting
D-LDL-C.23 Thus, it is important in practicing evi-
dence-based medicine to demonstrate that the D-
LDL-C measurements are comparable to those of
the C-LDL-C. The present study determined how
the D-LDL-C correlated with C-LDL-C and how
such a correlation would affect treatment decisions
based on the NCEP-ATP III guidelines.
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■ The C-LDL-C remains the method of choice
for LDL-C determination.

■ The D-LDL-C has not been adequately stan-
dardized and was not used in the clinical tri-
als which were the basis for the current
NCEP-ATP III recommendations.

■ Some D-LDL-C assays may give significantly
different results from those of the C-LDL-C.

■ Some D-LDL-C assays do not perform well in
hypertriglyceridemia, the very situation for
which they are advocated.

■ Use of the D-LDL-C increases cost without
evidence of benefit.

K E Y  P O I N T S  F O R  C L I N I C I A N S
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M E T H O D S
Data from all patients with a lipid panel during a
single week were analyzed. Patients with triglyc-
eride levels above 1000 mg/dL were excluded.
Thirty-four patients with triglyceride levels
between 400 and 1000 mg/dL were analyzed sep-
arately. A C-LDL-C was determined and compared
with the D-LDL-C in all 464 patients. Total choles-
terol, triglyceride, and HDL-C measurements were
done with an autoanalyzer. D-LDL-C was measured
with Sigma Diagnostics EZ LDL Cholesterol, proce-
dure 358 (Sigma, St. Louis, MO). Linear regression
was performed using Microsoft Excel (Microsoft
Corporation, Redmond, WA).

R E S U L T S
The samples in this study represented the expect-
ed distribution of LDL-C concentrations seen in a
clinical practice of predominantly male veterans.
Of the 464 patient samples with triglyceride levels
below 400 mg/dL, the mean C-LDL-C was 123
mg/dL. Twenty-eight percent had a C-LDL-C below
100 mg/dL, 32% had a C-LDL-C of 100 to 129.9
mg/dL, 24% had a C-LDL-C of 130 to 159.9 mg/dL,

12% had a C-LDL-C of 160 to 189.9 mg/dL, and 4%
had a C-LDL-C above 190 mg/dL.

The Figure shows the correlation between the
C-LDL-C and D-LDL-C in all patients with triglyc-
eride levels below 400 mg/dL. Although there is a
strong correlation between the C-LDL-C and D-
LDL-C (r = .86), the regression line does not go
through 0. A C-LDL-C of 100 mg/dL or lower is the
NCEP-ATP III goal for patients with known coro-
nary heart disease (CHD) and other clinical forms
of atherosclerotic disease, diabetes, or multiple risk
factors that confer a 10-year risk for CHD greater
than 20%.1 At this cutoff for C-LDL-C, the D-LDL-C
derived from the regression line is 118 mg/dL. At a
C-LDL-C of 160 mg/dL, the 2 values are compara-
ble; at a C-LDL-C of 190 mg/dL, the D-LDL-C is
slightly lower at 182 mg/dL. This is demonstrated
graphically in the Figure by a dashed line indicat-
ing a perfect correlation between the 2 methods.
The Figure also displays vertical and horizontal
lines through an LDL-C of 100 mg/dL, the level
above which drug therapy is likely to be started or
increased in patients with CHD or CHD risk equiv-
alents. This partition illustrates those patients who
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Direct vs calculated LDL-C (mg/dL)

The regression line and data are shown for all patients with triglyceride levels below 400 mg/dL. The regression equation and correlation coefficient are shown. Vertical
and horizontal solid lines are drawn at LDL-C levels of 100 mg/dL to indicate those patients with higher direct than calculated LDL-C levels in whom treatment decisions
might be affected. The dashed line shows the theoretical line for a perfect correlation between the assays, which illustrates that the difference between the direct and
calculated LDL-C determinations is greater at the lower LDL-C levels. LDL-C, low-density lipoprotein cholesterol.
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would require treatment when using the 100
mg/dL treatment goal by the C-LDL-C, the D-LDL-
C, neither, or both. This is also shown in the Table,
which shows the number of patients who would
be treated with the LDL-C cutoffs for treatment rec-
ommended by NCEP-ATP III. At an LDL cutoff of
100 mg/dL, 60 patients (13% of total) would be
treated with the D-LDL-C and not the C-LDL-C,
whereas only 2 patients (<1%) would be treated
with the C-LDL-C and not with the D-LDL-C. The
results are similar when using a 130 mg/dL cutoff
for treatment. Thus, treatment decisions based on
the D-LDL-C results in many patients being treated
who would not have been treated when using the
C-LDL-C.

To determine whether triglyceride concentration
influences treatment decisions by either method of
LDL-C measurement, similar correlations and
analyses were done on the data according to the
following triglyceride groupings: <100 mg/dL, 100
to 199 mg/dL, 200 to 299 mg/dL, 300 to 399 mg/dL,
and >400 mg/dL. This was further evaluated by
plotting triglyceride vs D-LDL-C and triglyceride vs
C-LDL-C (data not shown). Whereas the C-LDL-C
showed no correlation with triglyceride, the D-
LDL-C showed a statistically significant correlation
with triglyceride concentrations (r = .27), indicating
that D-LDL-C increases at higher triglyceride levels.
This suggested an influence of triglyceride on the
D-LDL-C assay. This has been reported by others
in 3 of 4 different D-LDL-C assays including the
Sigma assay.15 However, alterations in treatment
possibilities when using the D-LDL-C are present at
all triglyceride concentrations.

D I S C U S S I O N
LDL-C has been identified in the NCEP-ATP III as
the primary target of therapy. Treatment recom-
mendations for high LDL-C are based on low,
moderate, or high risk for CHD, with treatment
goals of 160, 130, and 100 mg/dL, respectively.1,2

These evidence-based recom-
mendations rely on data from
clinical trials demonstrating
prevention of CHD events by
lowering LDL-C, all of which,
with the exception of the
recently reported Heart
Protection Study, used the C-
LDL-C.18–23 Thus, important
treatment decisions depend
on this estimated LDL-C, and
systematic deviations from the
C-LDL-C will affect treatment

decisions and cost.
The Sigma EZ LDL D-LDL-C assay in our hospi-

tal produces higher LDL-C levels than the C-LDL-C
in a range of 100 to 160 mg/dL, the range of most
common concern to clinicians. This results in inap-
propriate treatment or intensification in treatment
according to the NCEP-ATP III guidelines. The D-
LDL-C was higher than the C-LDL-C at all triglyc-
eride levels, but the error was greater for hyper-
triglyceridemia, the very situation for which it has
been advocated.

Previous publications using a D-LDL-C assay
have emphasized the correlation between the D-
LDL-C assay and research LDL-C determinations
rather than the correlation with the C-LDL-C.5–8

Other investigators have observed a similar ten-
dency for higher D-LDL-C than C-LDL-C measure-
ments at an LDL-C of 100 mg/dL17 and a positive
bias at higher triglyceride levels.14 Although C-LDL-
C was often performed, data similar to those
shown in the Figure, ie, the simple correlation
between the D-LDL-C and C-LDL-C, have not been
presented. Two very recent reviews have suggest-
ed caution in routinely implementing the D-LDL-C
assays and pointed out the considerable variation
from one assay to another.14,15 Laboratories often
change their assay method; in fact, our hospital
laboratory has recently changed to a different D-
LDL-C method.

Physicians and institutions should be cautious
about using a D-LDL-C method as a substitute for
the C-LDL-C. First, it has not been standardized in
large populations and, with the exception of the
recent Heart Protection Study,23 has not been used
in large clinical trials demonstrating the benefits of
lowering LDL-C. Although the C-LDL-C has been
recommended by the NCEP-ATP III,2 the Executive
Summary of these guidelines did not address the
method for measuring LDL-C.1 Second, cost is
increased from the additional therapy and per-
forming the D-LDL-C assay. Third, the major rea-
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Effect of LDL assay by LDL treatment cutoff*

Patients who might Additional patients who might 
be treated, n (%) be treated, n (%)

LDL cutoff for Calculated, Direct, not 
treatment, mg/dL Calculated LDL Direct LDL not direct, LDL calculated, LDL
>100 334 (72) 393 (85) 2 (<1) 60 (13)
>130 185 (40) 237 (51) 2 (<1) 55 (12)
>160 71 (15) 87 (19) 6 (1) 21 (5)
*N = 464 patients.
LDL, low-density lipoprotein.
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sons proposed for using a D-LDL-C assay (lack of
need for a fasting specimen and usefulness at
triglyceride > 400 mg/dL) may not be valid or rel-
evant. Variation in the LDL-C due to hypertriglyc-
eridemia occurs with the D-LDL-C. In addition, the
NCEP-ATP III report emphasized triglyceride and
recommended a fasting lipid panel including total
cholesterol, triglycerides, and HDL-C.1,2 One limita-
tion of this study is the inclusion of predominantly
male veterans. There may be populations, not con-
sidered in this study, that have an abnormal
lipoprotein composition that significantly affects
the C-LDL-C.

C O N C L U S I O N S
The C-LDL-C should remain the method of choice
for LDL-C determinations because (1) this assay
was used in clinical trials documenting the benefits
of cholesterol-lowering therapy and (2) use of the
D-LDL-C increases cost without evidence of bene-
fit. Further studies are needed to standardize the
direct LDL-C assays, and outcome trials using these
assays need to be performed.
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