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Abstract

Background—Low density lipoprotein cholesterol (LDL-C) has been clearly associated with the
risk of developing coronary heart disease (CHD). The best and most convenient method for
determining LDL-C has come under increased scrutiny in recent years. We present comparisons of
Friedewald’s calculated LDL-C (C-LDL-C) and direct LDL-C (D-LDL-C) using three different
homogenous assays. This highlights differences between the two methods of LDL-C
measurement, and how this affects the classification of samples into different LDL-C treatment
goals as determined by NCEP ATP Il guidelines thus potentially affecting treatment strategies.

Methods—L.ipid profiles of a total of 2,208 clinic patients were retrieved from the Central
Arkansas VA Healthcare System (CAVHS) clinical laboratory database. Samples studied were of
one week period of time during the 3 periods studied, 2000 (period 1), 2002 (period 2) and 2005
(period 3). Different homogenous assays for D-LDL-C measurement were used for each of the 3
periods.

Results—There is a fundamental disagreement between D-LDL-C and C-LDL-C, even though
Pearson’s correlation coefficients are 0.93, 0.97 and 0.98 for periods 1, 2 and 3 respectively. Using
the model for period 1, when C-LDL-C is 70 mg/dl, the predicted D-LDL-C is 95 mg/dl (36%
higher). The differences between C-LDL-C and predicted D-LDL-C progressively decrease at
higher LDL-C cut points. In the assay used in period 3, there are 290 samples with D-LDL-C
values between 100-130 mg/dl. Of these, only 182 samples show agreement with C-LDL-C
values whereas 90 samples with a D-LDL-C in the 100-130 mg/dl range are in 70-100 mg/dl
range using the C-LDL-C assay. While the kappa statistics suggests the LDL-C measures have
relatively high levels of agreement, the significant generalized McNemar tests (p<0.01) provide
additional evidence of disagreement between C-LDL-C and D-LDL-C during all the 3 periods.

Conclusion—oOur results highlight D-LDL-C measurements using 3 different assays during 3
different time periods. In all assays there is substantial lack of agreement between D-LDL-C and
C-LDL-C which in most cases resulted in higher D-LDL-C values than C-LDL-C. This leads to
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clinically significant misclassification of patient’s LDL-C to a different LDL-C treatment goal
which would potentially result in more drug usage; thus exposing patients to more potential side
effects and at a much greater cost with little evidence of benefit.
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INTRODUCTION

Low density lipoprotein cholesterol (LDL-C) has been clearly associated with the risk of
developing coronary heart disease (CHD)!: 2. The National Cholesterol Education Program
Adult Treatment Panel Il (NCEP ATP II1) guidelines uses LDL-C as a measure of CHD
risk and lowering LDL-C as the primary goal of therapy2. The best and most convenient
method for determining LDL-C has come under increased scrutiny in recent years. The
NCEP ATP IlI guidelines recommend use of the Friedewald calculated LDL-C (C-LDL-C)
for determination of LDL-C treatment goals for prevention of cardiovascular diseases; and
the use of Center for Disease Control (CDC) reference method (beta-quantification
technique) for continued standardization in clinical laboratories3. More and more clinical
laboratories are using various direct LDL-C (D-LDL-C) assays because of their presumed
advantage of not requiring a fasting sample and good correlation with beta-quantification
techniques in patients with elevated triglyceride (TG) levels* ®. A recent survey of the
College of American Pathologists (CAP) providing accreditation to all types of clinical
laboratories reported more than 2,200 laboratories using several different assays for D-LDL-
C measurements, and more than 3,300 laboratories reporting C-LDL-C using the Friedewald
calculation®. In Friedewald’s original paper, the C-LDL-C correlated extremely well with
the ‘gold standard’ beta-quantification LDL-C results in patients with TG levels < 400
mg/dl’. The clinical trials upon which the ATP-111 treatment goals for prevention of CHD
and recommendations for intervention are based, use the C-LDL-C measurement8-14,
Moreover, the following concerns still exist: (a) there remains an uncertainty as to what the
various assays measuring D-LDL-C are actually measuring; (b) various D-LDL-C assays
have not been adequately standardized; and (c) there remains a lack of association of non-
fasting D-LDL-C with cardiovascular events® 1516,

We present comparisons of C-LDL-C with the D-LDL-C using three different homogenous
assays (described below). The three assays were used at different times at the Central
Arkansas Veterans Healthcare System, Little Rock, Arkansas (CAVHS) clinical laboratory
during routine clinical practice. Classification of samples based on D--LDL-C and
corresponding C-LDL-C values are presented at common LDL-C treatment goals
recommended by various leading organizations. Rather than only using simple correlations
between the C-LDL-C and the various D-LDL-C assays, we have evaluated the degree of
agreement between these assays. Excellent correlations do not necessarily indicate good
agreement. This way of presenting the data highlights the reclassification of samples, if any,
into a different category which would lead to a change in clinical decision making. This
study also examines differences between C-LDL-C and D-LDL-C assays at various LDL-C
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levels and the effect of TG concentrations on the difference between the D-LDL-C and C-
LDL-C measurements.

Study samples

Lipid profiles (TC, HDL-C, TG, D-LDL-C) of clinic patients were retrieved from the
Central Arkansas VA Healthcare system (CAVHS) clinical laboratory database. Lipid
profiles of all patients performed during a one week period of time in each of the 3 years
studied, 2000 (period 1), 2002 (period 2) and 2005 (period 3) were collected. Lipid profiles
with TG levels < 400 mg/dl were included in the analyses. This comprised a total of 2,208
samples i.e. 464 samples for period 1, 807 for period 2 and 937 for period 3.

Characterization of plasma lipids and assays used

TC, HDL-C and TG were analyzed in the laboratory prior to 2003 using the “Flex” methods
of the DADE automated Clinical Chemistry System and after 2003 using the Beckman
SYNCHRON systems. Different homogenous assays for D-LDL-C measurement were used
for the each of the periods 1, 2 and 3. In period 1 (2000)-Sigma EZ LDL Assay, period 2
(2002)-Polymedco Lipi+Plus Assay; and period 3 (2005) - Synchron LX system assays were
used respectively. The methods provided by the manufacturers provide insufficient details to
understand any fundamental differences between these 3 methods.

Statistical analysis

Several approaches were used to assess the agreement between C-LDL-C and D-LDL-C.
First, standard linear regression methods were used to model D-LDL-C as a function of C-
LDL-C for each period, separately. The intercept and slope estimates obtained from these
models were tested for a difference from 0 and 1, respectively. These are the intercept and
slope values one would expect if the two measures were in agreement. Secondly, the D-
LDL-C and the C-LDL-C measures were tabulated based on common LDL-C treatment
goals recommended by various leading organizations, i.e. 70 mg/dl (optional treatment
goal), 100 mg/dl, 130 mg/dl and 160 mg/dl. Kappa statistics and generalized McNemar tests
were used to assess and test for agreement. Briefly, kappa statistics are purported to be
chance adjusted measures of agreement between two raters or methods whose rating scale is
categorical. Larger kappa values are indicative of better agreement. Landis and Koch?’
provide the following guidelines for interpreting the kappa statistic:

Kappa Interpretation

<0 No agreement

0.0-0.20 Slight agreement
0.21-0.40 Fair agreement
0.41-0.60 Moderate agreement
0.61-0.80 Substantial agreement
0.81-1.00 Almost perfect agreement
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Generalized McNemar tests, on the other hand, test whether the marginal distributions of
two measures are similar, as one would expect if the measures agree. Finally, graphical
methods were employed to examine the impact of TG on differences in D-LDL-C and C-
LDL-C. Analyses were performed using SAS® version 9.2 (SAS Institute Inc., Cary, SC)
and R version 2.9.2 (R Foundation for Statistical Computing, Vienna, Austria). P-values less
than 0.01 were considered to be statistically significant.

The triglyceride means (and SDs) for periods 1-3 were 168 (84), 169 (79) and 154 (80)
mg/dl, respectively. Period 3 was found to differ from Period 1 (p = 0.005) and Period 2 (p <
0.001); whereas Periods 1 and 3 were not significantly different (p > 0.98). Mean HDL-C
was 43 (14) mg/dl for Period 1, 43 (13) mg/dl for Period 2 and 39 (12) mg/dl for Period 3.
Again, Period 3 was found to differ from Periods 1 and 2 (p < 0.001 for both), while Periods
1 and 2 were not significantly different (p > 0.99).

Regression analyses were performed fitting the D-LDL-C measures as a function of C-LDL-
C. The regression parameters were then used to perform a test of agreement; namely, testing
whether the intercept=0 and the slope=1 for each of the three assays used in different time
periods. This data is presented in Figure 1, which presents joint 99.9% confidence ellipses of
the intercept and slope estimates for each period. None of the regions contain the point
corresponding to intercept=0 and slope=1, providing evidence that the C-LDL-C and D-
LDL-C measures do not agree for any of the periods. Additionally, none of the confidence
regions overlap, indicating the regression parameters differ by period. Pearson’s correlation
coefficient between D-LDL-C and C-LDL-C were 0.93, 0.97 and 0.98 for periods 1, 2 and 3
respectively. These show subsequent better correlations between the two methods of LDL-C
measurement over time. This demonstrates the important fact that high correlation does not
imply agreement.

The regression analyses were subsequently used to predict D-LDL-C from C-LDL-C values
at treatment goals commonly used for clinical decision making. These results are presented
in Table 1. Using the assay for D-LDL-C measurement during period 1, at the 70 mg/dl
optional treatment goal of C-LDL-C, the predicted D-LDL-C was 95 mg/dl (36% higher).
The difference between C-LDL-C and predicted D-LDL-C progressively decreased at higher
LDL-C treatment goals, and at the 160 mg/dI treatment goal of C-LDL-C, the D-LDL-C was
160 mg/dl as well. These trends were still present but much less pronounced in periods 2 and
3 using progressively newer assays for D-LDL-C measurement.

We further stratified the data based on various triglyceride levels (Table 1). With TG levels
300-399 mg/dl during period 1, at the 70 mg/dl optional treatment goal of C-LDL-C, the
predicted D-LDL-C was 116 mg/dl. Even for periods 2 and 3 using newer assays, with TG
levels 300-399 mg/dI, the greatest difference between predicted D-LDL-C and C-LDL-C
were at the 70 mg/dl optional treatment goal, i.e. predicted D-LDL-C was 88 mg/dl in period
2 and 91 mg/dl in period 3. Progressively smaller differences between predicted D-LDL-C
and C-LDL-C at each higher treatment goal were noticed in the subgroup of subjects with
TG levels 300-399 mg/dl, until at the 160 mg/dl treatment goal of C-LDL-C, the C-LDL-C
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and predicted D-LDL-C were nearly identical, i.e. predicted D-LDL-C was 162 mg/dl in
period 2 and 161 mg/dl in period 3.

At the lower triglyceride levels (TG<100), the same trend was true in period 1, i.e. the
greatest variation occurred at the 70 mg/dl optional treatment goal of C-LDL-C where
predicted D-LDL-C was 90 mg/dl with decreasing differences at higher treatment goals of
C-LDL-C 130 mg/dl where predicted D-LDL-C was 127 mg/dl. Results in period 2 and 3
for TG levels <100 mg/dl with the newer assays had much better correlations, with nearly
identical results between C-LDL-C and predicted D-LDL-C in the newest 2005 assay at all 4
treatment goals of 70, 100, 130 and 160 mg/dl. The differences between D-LDL-C and C-
LDL-C were also plotted against TG levels at each of the 3 time periods. This is presented in
Figure 2. With all 3 assays for D-LDL-C, the graphs were up sloping, indicating that the
difference between D-LDL-C and C-LDL-C rises steadily with increasing TG levels. The
greatest effect of TG on the difference between D-LDL-C and C-LDL-C was observed in
period 1, with D-LDL-C being almost 40 mg/dl higher than the C-LDL-C ata TG level of
400 mg/dl.

Tables 2—4 present cross-tabulations of samples based on C-LDL and D-LDL measures at
the clinically meaningful LDL treatment goals. Kappa statistics and generalized McNemar
tests are presented for each period. While the kappa statistics suggests the LDL-C measures
have moderate levels of agreement, the significant generalized McNemar tests (p<0.01)
provide substantial evidence of disagreement. There were 151 samples with D-LDL-C
values between 100-130 mg/dl measured by the assay used in 2000 (Table 3). Of these, only
96 samples show agreement with C-LDL-C values whereas 50 samples with a D-LDL-C
between 100 and 130 mg/dl have a C-LDL-C in the 70-100 mg/dl range. Similarly, there are
290 samples with D-LDL-C values between 100-130 mg/dl measured in the assay used in
2005. Of these, only 182 samples show agreement with C-LDL-C values where as 90
samples with a D-LDL-C in the 100-130 mg/dl range are in 70-100 mg/dl range using the
C-LDL-C assay. These trends are present throughout with all the 3 assays for D-LDL-C
measurement showing that D-LDL-C measures overestimates LDL-C values as calculated
by Friedewald equation, or C-LDL-C measures underestimate D-LDL-C.

DISCUSSION

Our results indicate that there exists significant variability between the two methods of
LDL-C measurements. D-LDL-C was 36% higher than the Friedewald calculated LDL-C at
70 mg/dl optional treatment goal in period 1. These differences were much more
pronounced at lower LDL-C values and progressively decreased at higher LDL-C values.
Prior investigators have found that at lower LDL-C levels, D-LDL-C assays give higher
values than C-LDL-C.; although a recent study found that D-LDL-C was consistently lower
than C-LDL-C* 16,

Our subsequent newer assays used in periods 2 and 3 had better correlation even at lower
LDL-C values, but there still were increasing differences between the two methods of LDL-
C measurement with rising TG levels. The correlation coefficients between D-LDL-C and
C-LDL-C were nearing 1 with subsequent newer assays. However, using only correlation
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coefficients without taking into consideration the slope and intercept of the regression
equations to conclude that a particular assay is better can be misleading as excellent
correlation does not imply agreement.

We also evaluated the effect of TG concentrations on the difference between D-LDL-C and
C-LDL-C measurements. D-LDL-C was observed to be as much as 40 mg/dl higher than C-
LDL-C at higher TG levels during period 1 (Figure 2). This trend is present at all time
periods at increasing TG levels (< 400 mg/dl). Previous reports have also indicated that
various D-LDL-C assays showed a better correlation between D-LDL-C and C-LDL-C at
lower TG levels, claiming that D-LDL-C assays better reflect true LDL-C* 18, Although this
has led some to conclude that the Friedewald C-LDL-C may underestimate the risk for
CHD, one might equally conclude that the D-LDL-C overestimates CHD risk. In a recent
study addressing this issue utilizing samples from the Women’s Health Study, Mora et al
concluded that there was a lack of association of non-fasting D-LDL-C with cardiovascular
disease raising questions regarding the clinical utility of a direct assay for LDL-C in non-
fasting samples®8. If in fact it is ultimately shown that C-LDL-C is the better indicator of
CHD risk, then the usefulness of the D-LDL-C becomes limited in those very instances in
which it is purported to be beneficial, i.e. moderate hypertriglyceridemia, and lack of need
for a fasting sample. This information underscores the need for more in depth studies of D-
LDL-C assays and their true relationship to CHD risk.

The ATPIII guidelines recommend using non-HDL cholesterol as a secondary treatment
goal in persons with triglycerides in the range of 200-499 mg/dL. In persons with
triglycerides in this range, one might propose using non-HDL cholesterol as the primary
treatment goal which would circumvent the issue of difficulties with LDL-C measurements.
Although non-HDL cholesterol may be an excellent secondary treatment goal in such
patients, use of LDL-C as the primary treatment goal, even in patients with triglycerides in
this range is recommended based on the large amount of clinical trial data, the vast majority
of which was developed using the Friedewald calculated LDL-C.

The results shown in Tables 2—4 show that D-LDL-C is sufficiently higher than C-LDL-C to
have clinically meaningful differences. For example, Table 4 shows that of 311 samples
with D-LDL-C in the range 70-100 mg/dl, 73 of these samples have C-LDL-C
measurements less than 70 mg/dl. Other investigators have similarly noted that subjects with
LDL-C values in the lower range often show higher results using a D-LDL-C assay1®. Use
of the higher D-LDL-C values in clinical medicine when applied to the recommended LDL-
C treatment goals will lead to misclassification of patient’s cardiovascular risk into a
different treatment goal based on current NCEP guidelines. This will result in more drug
usage, thus exposing patients to more potential side effects and at a much greater cost with
little evidence of benefit.

Our results highlight significant lack of agreement between the Friedewald calculated LDL-
C and three different assays for direct LDL-C measurement used in the CAVHS clinical
laboratory during routine clinical practice. We would like to emphasize that the major
clinical trials on which the NCEP ATPIII guidelines were based used the C-LDL-C 3. In
addition, even since ATPIII, major clinical outcome lipid trials used C-LDL-C as a method
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of LDL-C measurement2%-24, In view of this we would recommend continuing to use the
Friedewald calculated LDL-C for routine clinical practice until direct LDL-C assays have
been better standardized and there are more clinical trial outcome data using the D-LDL-C
assay. With the inconsistencies in LDL-C measurement as shown above and the increasing
use of D-LDL-C measurements in clinical practice, there is a need to reemphasize the 1995
recommendations by the NCEP working group on lipoprotein measurements 22,
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Figure 1.

Intercept and slope parameters estimated from linear regression models are shown for each time period (solid round symbols)
with corresponding 99.99% confidence regions (indicated by the surrounding ellipses) A point representing the hypothetical
regression parameters (Bo=0 and p;=1) that one would expect if the two measures agreed is presented for comparison (solid
square symbol). None of the 99.99% confidence regions contain this hypothetical point, providing evidence that D-LDL-C and
C-LDL-C measures do not agree and that the extent of lack of agreement differs by time periods.
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Figure 2.

Graph of D-LDL-C and C-LDL-C difference with corresponding triglyceride values for the periods 2000 (solid black line), 2002
(dashed gray line) and 2005 (dashed black line) using 3 different assays. In the parenthesis are shown the mean and the standard
deviation of D-LDL-C and C-LDL-C difference for the 3 corresponding assay results. This Figure illustrates that differences

between D-LDL-C and C-LDL-C increase as triglyceride levels increase, most striking in the 2000 time period.
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