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ABSTRACT

OBJECTIVE: A simple and accurate method is necessary to mea-
sure the LDL-C and sdLDL-C in serum. We aimed to evaluate
the analytical performances of Sentinel and Vitros direct LDL-C
(dLDL-C) assay methods, to compare LDL-C values of these di-
rect methods with each other and with those values calculated by
Friedewald formula, and to determine which lipid parameters could
be more proper for classification of patients with hyperlipidemia.

METHODS: Analytical performances of direct methods were eval-
uated in 60 serum samples. LDL-C was determined in different
122 sera via two different direct methods and Friedewald formula.
Sentinel sdLDL-C, Vitros sdLDL-C and other evaluated lipid pa-
rameters were estimated in additional 118 serum samples.

RESULTS: Mean LDL-C concentrations for Sentinel dLDL-C,
Vitros dLDL-C and Friedewald formula were 152+44 mg/dL,
146+45 mg/dL, 14141 mg/dL, respectively (p<0.001). Significant
strong correlations were observed between Friedewald LDL-C and
both Sentinel and Vitros dLDL-C (r=0.934, r=0.936, respectively).
Although within-run imprecisions for direct methods were lower
than 1.42%, total imprecisions for Sentinel and Vitros dLDL-C
were lower than 1.73% and 4.8%, respectively. Sentinel and Vitros
dLDL-C assay methods had 11% and 17.5% systematic error,
respectively. While the lowest Friedewald LDL-C concentrations
were observed in hypertriglyceridemic group, the lowest sdLDL-C
values were obtained in normolipidemic group, although hyperlip-
idemia groups were based on Friedewald LDL-C.

CONCLUSION: Vitros dLDL-C did not seem to be able to meet
the performance criterion of NCEP ATP Il for LDL-C, because its
total imprecision was higher than 4%. Direct assay methods sig-
nificantly overestimated LDL-C values compared with Friedewald
formula. Preference of the Sentinel direct LDL-C or sdLDL-C may
be more useful for evaluation of patients with hyperlipidemia.
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0ZET

AMAC: Serumda LDL-C ve sdLDL-C élciimii icin basit ve dogru
bir metot gereklidir. Sentinel ve Vitros direkt LDL-C 6lglim metod-
larinin analitik performanslarini degerlendirmeyi, bu iki direkt élciim
metodunun LDL-C dederlerini birbirleriyle ve Friedewald formdlii
ile hesaplanan LDL-C degerleri ile karsilastirmayi ve hiperlipidemili
hastalarin siniflandinimasinda hangi lipit parametresinin daha uy-
gun olacagini belirlemeyi amacladik.

YONTEMLER: Direkt metotlarin analitik performanslari 60 serum
érnedinde degerlendirildi. Iki farkli direkt LDL-C 6lctim meto-
du ve Friedewald formdilii ile farkli 122 serum &rneginde LDL-C
hesaplandi. Bunlarin disindaki 118 serum &rneginde Sentinel
sdLDL-C, Vitros sdLDL-C ve diger degerlendirilen lipit paramet-
releri él¢dldd.

BULGULAR: Sentinel direkt LDL-C, Vitros direkt LDL-C ve
Friedewald formdilti ile hesaplanan ortalama LDL-C konsantras-
yonlar sirasiyla 152+44 mg/dL, 146+45 mg/dL ve 141+41 mg/
dL’ydi, (p<0,001). Friedewald LDL-C ile Sentinel dLDL-C ve
Vitros dLDL-C arasinda oldukca yliksek korelasyonlar gézlendi
(sirasiyla, r=0,934 ve r=0,936). Direkt metodlarin calisma ici tek-
rarlanabilirlikleri <%1,42 iken, toplam tekrarlanabilirlikleri Sentinel
dLDL-C icin <%1,73, Vitros dLDL-C icin <%4,8 idi. Sentinel ve
Vitros dLDL-C 6lciim metotlarinin sistematik hatalari sirasiyla
%11 ve %17,5 idi. Hiperlipidemi gruplar Friedewald LDL-C baz
alinarak olusturulmasina ragmen, en dls(ik Friedewald LDL-C hi-
pertrigliseridemik grupta, en dislik sdLDL-C ise normolipidemik
grupta gézlend.

SONUC: Vitros dLDL-C icin toplam tekrarlanabilirlik >%4 oldu-
gu icin bu metodun NCEP ATP Il performans kriterlerini karsila-
yamadigi séylenebilir. Friedewald formdilli ile hesaplanan LDL-C
degerleri ile karsilastinldiginda direk élciim metodlarindaki LDL-C
degerleri anlamli sekilde yliksekti. Hiperlipidemi hastalarinin de-
gerlendirilmesinde Sentinel direkt LDL-C ya da sdLDL-C’ln tercih
edilmesi daha faydali olabilir.

Anahtar kelimeler: Friedewald formiili, hiperlipidemi, LDL-C, sdLDL-C,
sentinel, vitros
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Introduction

Epidemiological and clinical studies have well docu-
mented that elevated serum level of low-density li-
poprotein cholesterol (LDL-C), a modifiable risk for
coronary heart disease, certainly increases the risk for
coronary artery disease (CAD) % Therefore, LDL-C
has been the primary target in the guidelines for pre-
vention of CAD?, and its routine measurement has
also been recommended in the evaluation and man-
agement of hypercholesterolemia.

Although high levels of LDL-C is a strong risk fac-
tor for CAD, more than 50% of all CAD events oc-
cur in individuals with normal or even low levels of
LDIL-C* This may be explained by the fact that there
are sub fractions of LDL particles that carry in their
atherogenic potential. Recent evidences™" suggest
that small, dense LDL particles (sdLDL) are more
atherogenic than large, buoyant LDL ones.

In routine clinical practice, there is no simple method
of accurate measurement of the LDL-C and sdLDL-
C in serum. Although ultracentrifugation is the
method of choice, it is impossible to use it routinely,
because it is an expensive instrument and as well as
it requires special instrumentation and experienced
personnel' % Therefore, in most of the clinical lab-
oratories the LDL-C concentrations are estimated
by means of the Friedewald formula. Although this
formula has strong correlation with 3-quantitative as-
say, it cannot be applied to the samples with chylomi-
crons, containing more than 400 mg/dL of triglycet-
ide (TG) concentrations and to the patients with type
IIT hyperlipoproteinemia. Friedewald formula should
also be used carefully in patients with diabetes melli-
tus, obesity, chronic renal and liver diseases, and even
in patients with TG concentration of 200-400 mg/
dL¥'5, In addition, because of the variations of the
used methods, the accuracy levels may not be appli-
cable to all third generation direct LDL-C methods
available. Although these assays are free from the
limitations of the Friedewald formula, the third re-
port of the National Cholesterol Education Program
(NCEP) Adult Treatment Panel (ATP) III do not
specify any particular method to determine serum
LDL-C concentration’.

In this study, we aimed (a) to evaluate the analyti-
cal performances of Sentinel dLDL-C and Vitros
dLDL-C assay methods, (b) to compare these di-
rect methods with each other and with Friedewald

48

formula, (c) to determine the proper biochemical
marker to classify the hyperlipidemia.

Methods

We have evaluated the analytical performances of
Sentinel and Vitros direct LDL-C methods by means
of imprecision and linearity studies. sdLDIL-C and
some of the lipid parameters were evaluated to show
the probable misclassification of hyperlipidemia as a
result of high TG level.

Serum Pool and Imprecision Study

Serum pools with different LDL-C concentrations and
without hemolysis were prepared from sixty sera sub-
mitted to the Clinical Biochemistry Laboratory for the
measurement of lipid profile to evaluate the impreci-
sion of direct LDL-C assay methods. These serum
pools were divided into two (low and high) and three
(low, moderate and high) levels for Sentinel dLLDL-C
and Vitros dLDL-C reagents, respectively. All the se-
rum pools were stored at -20 °C until the assay time.

NCCLS EP5-A2 protocol'® was performed for
the imprecision study. To evaluate the within-run
imprecision, ten replicates of each assay were per-
formed in the morning and in the afternoon using
different concentrations of serum pool. Each se-
rum pool was used twice in the morning and in the
afternoon during twenty consecutive days to evalu-
ate the between day imprecision. There was at least
three-hour interval between morning and afternoon
measurements. The mean of the two measurements
was used for the statistical analyses. Two levels of
control serum were used at each study for the qual-
ity control. Levey-Jennings figures were drawn with
the control results, and results out of the quality
control were excluded.

Linearity Study

148 mg/dL and 152 mg/dL of serum samples were
used for Sentinel dLLDI.-C and Vitros dLLDL-C, re-
spectively. Serum samples were diluted by the iso-
tonic as 3/4,2/4,1/4,1/5 and 1/10 for the linearity
study of both direct LDL-C methods according to
the NCCLS EP 06-A protocol'. Each of the dilut-
ed samples was measured twice and the mean con-
centration was calculated for the statistical analysis.
Difference from the expected value was determined
for each of the diluted serum samples.



Biochemical Markers

To compare the results of direct LDL-C assay meth-
ods with each other and with those values calculated
by the Friedewald formula, 122 serum samples were
used. Moreover, additional 118 serum samples were
chosen from the laboratory to compare the con-
centrations of Sentinel sdLLDL-C, Vitros sd.LDL-C,
Friedewald LDL-C, total cholesterol (T'C), HDL-C
and TG among hyperlipidemia groups. Serum dLDIL-
C levels were estimated by the Sentinel dLDL-C and
Vitros dLDL-C reagent systems using the autoanalys-
ers [(Aeroset, Abbott, USA) and (Vitros 5.1, Johnson
& Johnson, USA), respectively]. Measurements of TC,
high-density lipoprotein cholesterol (HDL-C) and
TG were performed on the same day with standard
methods using the autoanalyser (Aeroset, Abbott,
USA). LDL-C was calculated with the Friedewald for-
mula according to the following formulation; LDIL-C
(mg/dl)= TC(mg/dL)-[HDL-C(mg/dL)+TG(mg/
dL)/5].

sdLLDL-C was measured by using the method of
Hirano et al’. In this method, combination of 150
U/mL of heparin sodium salt (Sigma H-3393) and
90 mmol/L of MgCl, (Riedel 31413) reagent was
used to precipitate the lipoproteins consist of apo-
lipoprotein B. 0.2 ml of precipitation reagent was
added to the 0.2 ml of serum. Each sample was
mixed by vortex for 15 seconds and incubated for
10 minutes (min) at 37 °C. Then samples were left
on ice bath for 15 min and the clear supernatant was
obtained by centrifugating at 10 500 g for 15 min.
The supernatant was used in Sentinel sdLDIL-C and
Vitros sdLDL-C measurements.

Statistical Analysis

All statistical analyses were performed by using the
SPSS 11 (SPSS Inc., Chicago, IL., USA) software for
Windows. While parametric analyses were used for
the Gaussian distributed variables, non-parametric
analyses were used for the non-Gaussian distributed
variables. Comparisons among LDIL-C concentra-
tions determined by three different methods and
among four hyperlipidemia groups were undertaken
by using the repeated measures analysis of variance
and Kruskal-Wallis variance analysis, respectively.
If the differences were significant, pair-wise com-
parisons would be based on the ~test for dependent
groups and Mann-Whitney U test with adjusting
for Bonferroni correction, respectively. Spearman
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Figure 1. LDL-C concentrations based on different LDL-C assay methods.

correlation analysis was used to show the correlations
between biochemical variables. All of the reported p
values were two tailed, and those less than 0.05 were
considered to be statistically significant.

Results

Mean LDL-C values for Friedewald formula, Vitros
dLDL-C and Sentinel dLDL-C were 141141 mg/dL,
146£45 mg/dL and 152144 mg/dL, respectively,
(p<0.001) (Fig. 1). P values for all pair-wise groups,
Friedewald ILDIL-C-Sentinel dILDI.-C, Sentinel
dLDL-C-Vitros dLDL-C, Friedewald LDL-C-
Vitros dLDL-C, were significant, p<0.001, p<0.001,
p=0.02, respectively. Strong correlations were ob-
served for Friedewald LLDI.-C-Sentinel dLDL-C,
Friedewald LDIL-C-Vitros dLDI-C and Sentinel
dLDL-C-Vitros dLDL-C pair wise groups (r=0.934,
r=0.9306, r=0.925, respectively).

Within-run imprecisions for both of the direct meth-
ods were lower than 1.42%. While total coefficient
of variations (CV) for Sentinel dLDL-C at low and
high serum pools were 1.73% and 1.30%, respec-
tively, for Vitros dLDL-C at low, moderate and high
serum pools were 3.69%, 4.80% and 4.10%, respec-
tively (Table 1). Although total coefficient of varia-
tion values for Sentinel dLDIL-C were lower than
4%, as proposed by the NCEP, the CV values were
higher than 4% in moderate and high serum pools
for Vitros dLDL-C.
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Sentinel dLLDL-C and Vitros dLDL-C had a nega-
tive deviation of 3.5 mg/dL and 4.3 mg/dL accord-
ing to the expected value, respectively. These results
are equal to the 11% of systematic error for Sentinel
dLDL-C assay method and are equal to the 17.5% of
systematic error for Vitros dLDL-C assay method.

Table 2 shows the biochemical variables determined
by the 118 sera. The lowest Friedewald LDL-C
concentrations were observed in hypertriglyceri-
demic group which was classified according to the
Friedewald LDL-C. Mean Sentinel sdLDL-C con-
centrations for normolipidemics, hypercholesterol-
emics, hypertriglyceridemics and hyperlipidemics are
shown in Fig, 2.

Discussion

Vitros direct LDL-C was not able to meet the per-
formance criterion of NCEP for LDL-C, because its
total imprecision was more than 4%. Mean LDIL-C
values obtained by direct methods were significantly
higher than those calculated by the Friedewald for-
mula. The latter may not be suitable for hypertriglyc-
eridemia classification. Preference of Sentinel direct
LDL-C or sdLLDL-C may be more helpful to evaluate
the patients with hyperlipidemia.

sdLDL-C (mg/dL)
8

-

Al ad

=

18 57 15 28
normo LDEC > hyper combined
lipidemic 130 mg/dL  triglyceridemic hyperlipidemic

2
i

Table 1. Within-run and total imprecision for Sentinel dLDL-C and Vitros dLDL-C

Figure 2. sdLDL-C values of normolipidemic (LDL-C <130 mg/dL, TG <150 mg/
dL), hypercholesterolemic (LDL-C = 130 mg/dL, TG <150 mg/dL), hypertrig-
lyceridemic (LDL-C <130 mg/dL, TG =150 mg/dL) and hyperlipidemic (LDL-C
>130 mg/dL, TG =150 mg/dL) groups.

Current primary goal for the analytical performance
of the LDL-C measurement is to keep the total er-
ror ratio within 12% of the true value. The total er-
ror, combining the contributions of imprecision and

Method Sentinel dLDL-C Vitros dLDL-C
Low High Low Moderate High
LDL-C (mg/dl) 130 163 119 175 216
Within-run SD 1.85 1.72 1.27 1.32 1.50
CV% 1.42 1.05 1.06 0.76 0.69
Total SD 2.30 2.12 4.40 8.40 8.84
CV% 1.73 1.30 3.69 4.80 410
CV: Coefficient of Variation; SD: Standard Deviation.
Table 2. Lipid parameters for NCEP hyperlipidemia groups
Lipids (mg/dL) Group 1 (n=18) Group 2 (n=57) Group 3 (n=15) Group 4 (n=28) P
Total Cholesterol 163+32 232+36 185+33 25131 <0.001
HDL-C 48+12 53+13 42+10 49+8 0.007
LDL-C, Friedewald 98+24 160+31 94+25 163+26 <0.001
Triglyceride 85+26 96+28 244+62 198+36 <0.001
Apolipoprotein B 73x15 10621 89+17 120+16 <0.001
sdLDL-C, Sentinel 30.6+14.6 43.7+23.5 41.5+15.3 62.8+20.5 <0.001
sdLDL-C, Vitros 24.8+16.9 39.2+25.9 35.2+15.8 60.8+22.8 <0.001

Group 1: Normolipidemic : (LDL-C <130 mg/dL, TG <150 mg/dL); Group 2: Hypercholesterolemic: (LDL-C =130 mg/dL,TG <150 mg/dL); Group 3: Hypertriglyceridemic (LDL-C <130 mg/dL,TG =150 mg/dL);

Group 4: Hyperlipidemic: (LDL-C =130 mg/dL, TG =150 mg/dL)
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inaccuracy or bias (systematic error), represents the
maximum tolerable error level in the measurement
of a single specimen up to 95% tolerance limits.
Friedewald formula has the disadvantage of exceed-
ing medically allowable error (12%) recommended by
the NCEP since Friedewald LDL-C is calculated after
the measurement of TC, HDL-C and T'G. Therefore,
NCEP Study Group recommends the improvement
of direct LDL-C assay methods. Potential advantages
of dLDL-C are believed to be a better imprecision
of the assay owing to the single measurement and a
relative lack of the presence of hypertriglyceridemia
or a nonfasting sample'®*".

Highly significant positive correlation coefficients
have been observed between direct LDL-C assay
methods and Friedewald formula, however in some
studies inconsistent results were obtained due to the
interference of high TG level. For example Cordova
et al. have reported that Friedewald formula had a
positive bias when TC was higher than 201 mg/dL
and lower than 150 mg/dL?". On the other hand, di-
rect method had a positive bias when TG level was
more than 300 mg/dL. In our study, we observed
highly significant positive correlation coefficients be-
tween Friedewald LDL-C and the two direct meth-
ods. However, we have observed higher Friedewald
LDL-C concentrations in normolipidemic group in
comparison to hypertriglyceridemic group. High TG
levels caused this inconsistency, however the hyperlip-
idemic group had higher TG and Friedewald LDIL-C
values in comparison to the normolipidemic group
due to the elevated total cholesterol concentrations.

Eight survey samples of the College of American
Pathologists Comprehensive Chemistry Survey ana-
lyzed in more than 1150 laboratories gave total CVs
averages of 12% for Friedewald LDL-C'. This CV
reflects not only the imprecision within laboratories,
but also the method-to-method biases from many
different assays used in TC, HDL-C and TG de-
terminations. In our study, imprecision of Sentinel
dLDL-C was better than that of the Vitros dLDL-C,
and Vitros dLLDL-C was not able to meet the perfor-
mance criteria which has a total imprecision below
4% as recommended by the NCEP. Medically allow-
able error could not be estimated, because we did not
determine the bias by using the reference method.
Linearity performance for Sentinel dLDL-C was also
better than that of the Vitros dLDL-C. Thus, we
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have preferred the Sentinel dLDL-C assay method at
the following part of the study.

An important indicator for the reliability of a LDI-C
assay method is the correct classification of patients
by the NCEP medical decision points for LDL-C.
Previous studies supported the idea that direct
LDL-C assay methods better classify individuals into
NCEP cutpoints in comparison to the Friedewald
calculation. In the present study, while hyperlipid-
emic group had the highest sdLDL-C concentration
among the four groups, normolipidemic group had
the lowest sdLDL-C level. In Table 2, groups were
classified according to the Friedewald LDL-C and
TG concentrations that were determined by NCEP.
Although the lowest level of Friedewald LDIL.-C had
been prospected in normolipidemics, it was observed
in the hypertriglyceridemic group due to the effect of
high TG level. This meant that TG concentration ap-
pears to affect the classification of individuals’ NCEP
medical decision points. This study demonstrates the
misclassification of groups, although groups were
created based on the Friedewald LDL-C. The sdLDL-
C values were concordant with the classification. In
the light of these results, we considered that sdLLDL-
C measurement could be more useful to evaluate the
patients with the risk of hypercholesterolemia.

There were some weak points of our study. Although
the accepted reference method was B-quantification,
we did not determine the LDIL-C values using
B-quantification to compare the results with those
obtained by the use of other LDL-C assay methods.
In addition the sample size of our study groups was
small.

Conclusion

Replacement of Friedewald formula with direct
LDL-C assay methods is under debate. Measurement
of accurate LDL-C levels is not possible due to the
limitations of the Friedewald formula and lack of
the standardized direct methods. Thetrefore, stan-
dardization of direct LDL-C assay methods in larger
population studies and comparison of different di-
rect methods with B-quantitative measurement are
necessary. The use of analytical systems that was
certified by NCEP could be more helpful to solve
this problem. Sentinel direct LDL-C seems to be
more useful in comparison to Vitros LDL-C for this
purpose. Serum LDIL-C concentrations obtained
by using direct methods were significantly higher in
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comparison to those calculated by Friedewald for-
mula. Although the mean LDL-C level difference
was small, it may be clinically important when NCEP
risk categories are used to assess the need for drug
intervention in a particular individual. Therefore, the
preference of the direct LDL-C or sdLDL-C could
be more suitable for the evaluation of the patients
with hyperlipidemia.
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