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Analytical performance of a direct assay for LDL-cholesterol:
a comparative assessment versus Friedewald’s formula

LDL kolesterol tayini icin direkt yontemin analitik performansi:
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ABSTRACT

Objective: Because low density lipoprotein-cholesterol (LDL-C) is a modifiable risk factor for coronary artery disease (CAD), its routine me-
asurement is recommended in the evaluation and management of hypercholesterolemia. Concentrations of LDL-C are commonly monitored
by means of the Friedewald formula (FF), which provides a relative estimation of LDL-C concentration when the triglyceride (TGs) concent-
ration is <200 mgr/dl and there are no abnormal lipids. Because of the limitations of the Friedewald calculation, direct methods for an accu-
rate quantification of LDL-C are needed.

Methods: We critically examined an immunoseparation method for direct assay of LDL-C in a comparison with FF. 1) We measured intraassay and
interassay precision using quality-control sera and patient serum pools. Accuracy was evaluated from total error analyses. Sample stability was
examined over 2 months. 2) The LDL-C levels obtained with direct assay were compared with those calculated by the FF in 47 randomly chosen pa-
tient samples. The samples were classified as group 1 (patients with TGs 60-308 mg/dl n=25) and group 2 (patients with TGs 320-695 mg/dl, n=2253.

Results: The directimmunoseparation assay displayed an excellent precision (total coefficient of variance (CV) <2.5%, intraassay CV<1.5% and
interassay CV<1.5%). Mean total error was 4.34%. The direct assay met the current National Cholesterol Education Program (NCEP) require-
ments for LDL-C testing for precision and accuracy. The results of direct method (x) and the FF (y) were highly correlated (r=0.9908, y=1.030x-
0.289, n=25) in group 1, but the results of two methods disagreed (r=0.716, y=0.956x-24.869, n=22) in group 2 (patients with TGs 320 -695 mg/dl).

Conclusion: The direct immunoseparation assay meets the currently established analytical performance goals and may be useful for the di-
agnosis and management of hyperlipidemic patients. (Anadolu Kardiyol Derg 2005; 5: 13-7)
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OzEeT

Amag: Diisiik yogunluklu lipoprotein-kolesterol (LDL-C) koroner kalp hastaligi (KKH) igin dedgistirilebilir bir risk faktérii oldugundan,rutin 6l-
climil hiperkolesteroleminin degerlendirilmesinde ve kontroliinde dnerilmektedir.Klinik laboratuvarlarda LDL-C genellikle Friedewald for-
miilii (FF) ile hesaplanir; FF trigliserid konsantrasyonu < 200 mg/dl oldugunda LDL-C konsantrasyonunun rdlatif bir dl¢imiin{i verir. Friede-
wald hesaplamasinin bazi limitasyonlarindan dolayi LDL-C tayini i¢in daha kesin ve direkt yontemlere ihtiyag vardir.

Yontemler: Bu ¢calismada LDL-C tayini iin direkt bir immunoseparasyon yontemini FF ile kiyaslamali olarak arastirdik. 1)Kalite-kontrol se-
rumlarive hasta serum havuzlar kullanarak “intraassay” ve “interassay” presizyonu inceledik. Dogruluk total hata analizleri ile degerlen-
dirildi. Ornek stabilitesi 2 aylik bir siiregte incelendi. 2)Direkt yontemle elde edilen LDL-C diizeyleri 47 hasta serumunda FF ile hesaplanan
sonuglarla kiyaslandi. Hasta érnekleri grup 1 (TGs 60-308 mg/dl,n=25) ve grup 2 (TGs 320-695 mg/dl ,n=22) olmak {izere siniflandirildi.

Bulgular: Direkt immunoseparasyon yontemi miikemmel bir presizyon gosterdi (total (CV) <2.5%, “intraassay” CV<1.5% ve “interassay”
CV<1.5%). Ortalama total hata 4.34% idi. Direkt yontem LDL-C &lgiimii icin NCEP'nin énerdigi presizyon ve dogruluk kriterlerine uymaktay-
di. Direkt ydntemin sonuglari (x) grup1'de FF ile (y) oldukca uyumluydu ( r = 0.9908 , y = 1.030x - 0.289 ,n=25 ), fakat grup 2'de (TGs 320-695
mg/dl olan olgular) iki yéntemin sonuglari uyumsuzdu ( r = 0.716, y = 0.956x-24.869, n=22).

Sonug: Direkt immunoseparasyon yontemi LDL-C igin son zamanlarda kabul edilen analitik performans hedeflerini karsilar ve hiper-
lipidemik hastalarin tani ve izlenmesinde yararli olabilir. (Anadolu Kardiyol Derg 2005; 5: 13-7)

Anahtar kelimeler: LDL-kolesterol, direkt yéntem, Friedewald formiilii, analitik performans

Introduction tion are among the strongest causative risk factors for this dise-
ase (1,2). According to the National Cholesterol Education Prog-

Coronary artery disease (CAD) is one of the leading causes of ~ ram-Adult Treatment Panel Il (NCEP-ATP I1), the diagnosis and
death in the world. Cigarette smoking, high blood pressure and ~ management of patients with hypercholesterolemia are largely
increased low-density lipoprotein cholesterol (LDL-C) concentra-  based on the concentration of LDL-C (3). The NCEP-ATP Il defines
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LDL-C values below 3.37 mmol/I (130 mg/dl) as “desirable” and
those over 4.14 mmol/I (160 mg/l) as “high”. In patients suffering
from CAD, the tentative treatment goal is to lower LDL-C to 2.6
mmol/1 (100 mg/dl) or below(4).

The recently updated NCEP-ATP Il guideline, which provides
a comprehensive overview of clinical evidence, maintain the fo-
cus of diagnosis and treatment efforts on total cholesterol (TC)
and LDL-C, with more attention to primary prevention in persons
with symptoms of atherosclerotic disease, diabetes, and multiple
risk factors, especially those associated with the metabolic
syndrome (5). Therapy is targeted on lowering LDL-C values below
a target value, which depends on presence of the number of other
risk factors (low high density lipoprotein (HDL)-cholesteral, ciga-
rette smoking, hypertension, family history of CAD, and male gen-
der). For patients at the highest risk for CAD or with the highest
CAD risk equivalents (the latter considered to be diabetes or a 10-
year risk for CAD>20%, calculated from the Framingham risk tab-
les), the goal is to achieve LDL-C<100 mg/dl, now considered an
optimal value. For patients with two or more risk factors, the goal
is to bring LDL-C to<130 mg/dl, and for those with no or one risk
factor, the LDL-C goal is <160 mg/dl (5). Patients hospitalized for a
major coronary event should have lipid measurements on admis-
sion or within 24h. Reliable classification of patients necessitates
accuracy and standardization of LDL-C measurements.

Although the measurement of LDL-C levels is important, an
easy, reliable, and suitable methodology for LDL-C has never
existed in routine laboratories. B-Quantification currently is con-
sidered the reference method, but it requires ultracentrifugation,
uses large volumes of serum, and is a time-consuming and ex-
pensive technique. Therefore this method is not suitable for ro-
utine laboratory testing. For that reason, most laboratories esti-
mate LDL-C by the Friedewald Formula (FF)(6) from concentrati-
on of TC, triglycerides (TGs), and HDL-C. Friedewald formula is
expressed as follows: [LDL-C]=[TC] — ([HDL-C] + [VLDL-C]), whe-
re the very low-density lipoprotein cholesterol (VLDL-C) concent-
ration is estimated from the serum triglycerides concentration (in
mg/dl) as [VLDL-C]=[TGs]/5. Although the estimation method cor-
relates highly with B-quantification it has certain limitations: it is
not valid in specimens with chylomicrons, with TGs > 400 mg/dl,
or in patients with dysbetalipoproteinemia (7). Indeed, it has be-
en recommended that the FF should be used with precaution in
several pathologic states (diabetes, nephropathy, hepatopathy)
even if TG concentrations are between 200 and 400 mg/dl (8).
This formula (FF) assumes the ratio of total TGs to VLDL-C to be
constant in all samples. However, there are some limitations for
this postulation. For example, the formula will overestimate
VLDL-C and underestimate LDL-C as a consequence if triglyceri-
de-rich chylomicrons and chylomicron remnants are present in
the serum specimen (hence the requirement for a fasting samp-
le) (7). The use of the FF is also not recommended for type Il di-
abetes, nephrotic syndrome and chronic alcoholic patients be-
cause accompanying abnormalities in lipoprotein composition
render the underlying assumptions invalid for assessment of car-
diovascular risk in these patients (8).

The NCEP Working Group on Lipoprotein Measurements (9)
has recommended that the LDL-C concentration be determined
with a total analytical error not exceeding +12% (<4% imprecision
and <4% inaccuracy) to guarantee correct patient classification
into the NCEP risk categories. It is difficult to obtain this analytical
quality with FF because each component’s analytical error is ad-
ded. These limitations create the need for alternative methods that
can quantify LDL-C and can be adopted for routine use in clinical

laboratories. The aim of the present study is to assess the analyti-
cal performance of a direct immunoseparation method, and to
compare it to the FF.

Materials and Methods

Samples

Blood samples were obtained from 47 patients randomly se-
lected from an out-patient populations attending the Laboratory of
Haydarpasa Numune Hospital. Blood was collected in tubes wit-
hout anticoagulant from subjects after a 12 hours fast. The samp-
les were allowed to clot at room temperature, and serum was ob-
tained by centrifugation at 2000g for 15 min. All direct analyses
were performed in the same day.

Procedures

Direct LDL-C assay: The principle of the assay: Chylomicrons,
VLD and HDL were separated by immunoseparation using separa-
tion tubes containing special latex bead. After centrifugation the
cholesterol in the supernatant (LDL-C) is measured by an enzyma-
tic — colorimetric method. The latex beads are coated with a goat
antiserum, which was produced against specific human apolipop-
roteins (Apo A1 and Apo E). These antibodies bind chylomicrons
(contain Apo A1/E), HDL-C (contains Apo A1/E), VLDL-C (contains
Apo E) and IDL-C (contains Apo E). Because LDL-C doesn’t conta-
in Apo A1/E, it remains in the supernatant. The LDL-C assay (Sigma
Diagnostics, USA) was performed according to manufacturer’s
specifications on a Hitachi 717 analyzer follows. A lyophilized calib-
rator provided by the manufacturer was used. LDL was isolated by
the immunoseparation method according to the manufacturer’s
instructions: 200 pl of LDL-C reagent was put into separations tubes
and then 30 pl of serum was added. After vortexing immediately,
the tubes were incubated at room temperature for 10 min and cent-
rifuged at 6000 rpm at room temperature for 5 minutes. The choles-
terol in the filtrate was measured on a Hitachi 717 analyzer using a
calibration curve suitable for low cholesterol values.

Total cholesterol, TG, and HDL-C: TC and TG levels were me-
asured enzymatically with the CHOD-PAP (Roche Diagnostics,
Germany) and lipase/GPO/PAP (Roche Diagnostics, Germany)
methods, respectively, on a Hitachi 717 analyzer. The HDL-C as
subsequently determined by precipitation with phospotungstic
acid and MgCI2 (Roche Diagnostics, Germany). After incubation at
room temperature for 5 minutes the apoprotein B-containing li-
poproteins were sedimented by centrifugation, and the choleste-
rol component was measured in the supernatant with a CHOD-
PAP method on a Hitachi 717 analyzer.

Friedewald Calculation; LDL-C was estimated by FF as follows:
LDL-C=TC-HDL-C — (TG/5).

Analytical Performance Evaluation

Precision; Two patient serum pools with medium and high
LDL-C concentrations and two commercial controls (Precinorm L,
and Precipath L, Roche Diagnostics, Germany) were used. Intra-
assay imprecision was calculated as the mean variance obtained
for 30 replicate analyses at the same time in a day. To assess in-
terassay imprecision, aliquots of controls and pools stored at
—20°C were analyzed over 10 consecutive days.

Total error: To assess the accuracy of direct assay, two cont-
rol serums (Precinorm L and Precipath L, Roche Diagnostics) we-
re used. Total error was calculated by adding the systematic error
and the random error. Systematic error was calculated as follows:
Systematic error, %=mean of [(direct assay-target value)/target
value] x100. Random error was defined as the total imprecision
multiplied by 1.96 (10).
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Stability study: Two serum pools were prepared and stored in
aliquots at —20°C. The LDL-C concentrations were measured we-
ekly with direct assay over 2 months.

Comparison of Methods

The LDL-C concentrations measured by the direct assay in the
serum samples were compared to those calculated by FF. For this
purpose samples were classified into two groups according to
their TGs concentrations: (a) group 1, defined as TGs 60-308 mg/dl,
(b) group 2, defined as TGs 320-695 mg/dl.

Statistical Analysis

Values were expressed as mean+SD. Linear regression analy-
ses were used to assess the correlations between two methods.
The t-tests were judged significant at p<0.05.

Results

Precision

The precision profile of the direct assay performed with the
Precinorm L and Precipath L, and the patient serum pools with me-
dium and high concentrations of LDL-C are shown in the Table 1
and Table 2. Intraassay (within run) and interassay (run-to-run)
precision of direct assay was very good. The total coefficient of
variances (CVs) for all four concentrations were 1.41-1.72 % for di-
rect method. According to the NCEP performance goals, LDL-C
must be measured with an imprecision < 4%. The direct immuno-
separation method has met this performance criterion.

Total Error

The total analytical error of the direct assay was < 12 %, as re-
commended by the NCEP (3) (mean 2.41%).

Sample Stability

The means of LDL-C concentrations measured by direct assay
of two serum pools at baseline and after storage periods of 1-8
weeks at —20°C are presented in Fig.1. The initial concentration
was considered 100%, and the plot showed no significant change
in LDL-C concentrations during the 2 months.

Comparison Between Direct Assay and Friedewald Formula

The comparison of methods plot [direct assay-LDL-C (x) vs. FF
(y)lin group 1 (patients with TGs 60-308 mgr/dl) showed a regres-
sion equation of y=1.030x-0.289 mg/dI (r=0.9908; n=25) (Fig. 2). The
correlation coefficient comparing the direct assay with FF was
highly significant (P<0.0001). The comparison of methods plot in
group 2 (patients with TGs (320-716 mg/dl) showed a regression
equation of y=0.947x-24.372 mg/dl (r=0.7472; n=22) (Fig.3). The cor-
relation and degree of agreement between the direct assay and FF
was worse in group 2 (P<0.021).

The relation between TGs and LDL-C levels determined by di-
rect method and FF is shown in Fig. 4. The correlations between
TGs and LDL-C concentrations measured by the direct assay and
calculated with FF is concordant when TGs<400, whereas there
was a determined disagreement in the samples with TGs>400
mgr/dl.

Discussion

Many epidemiological and clinical studies have demonstrated
that elevated concentration of LDL-C is a major risk factor in the
development of coronary artery disease (11-14). Therefore, the
Adult Treatment Panel (ATP) (3,5) focuses on LDL-C as the primary
target in CAD classification and clinical management of patients
atrisk for CAD. Since relatively small changes in LDL-C levels can
lead to change in coronary heart disease risk, it is necessary to
have a reliable measurement. Many of the current techniques for
determination of LDL-C in serum are cumbersome and require
specialized instrumentation, which limits their use in routine prac-
tice. For that reason, routine clinical chemistry laboratories indi-
rectly calculate LDL-C concentrations from TC, TG, and HDL-C
concentrations using the FF, which assumed that the relationship
between cholesterol and TGs in VLDL was constant. The FF can be
performed in any laboratory but it is time consuming and combi-

Table 1. Analytical imprecision of direct assay for LDL-C, using patient serum pools

IMPRECISION
Intraassay Interassay
n® Mean + SD, mg/dI CV,% ne Mean + SD, mg/dI CV,% Total CVa, %
Medium PSPb 30 97.27+1.42 1.45 10 84.10+1.17 1.39 1.69
High PSP 30 263.97+2.48 0.94 10 260.20+3.81 1.46 1.55
¢ Total CV, % = (CVintrassay + CVinterassay)1/2
®n, number of replicates
°n, number of consecutive days
CV: Coefficient of variation, LDL-C low-density lipoprotein cholesterol, PSP: patient serum pool
Table 2. Analytical imprecision and total error of direct assay for LDL-C, using control materials
Imprecision
Intraassay Intraassay

Target MeanzSD, Mean + SD,

value mg/dl mg/dl Total | Systematic Random Total

mg/dI n°=30 CV, % n'=10 CV% CvV, %° error, %" error, %® error %°
PnL 102 100.907+1.45 1.40 103.40+1.62 1.56 1.72 -1.01 3.37 2.36
PpL 292 291.14+2.98 1.02 290.08+2.85 0.98 1.41 -0.30 2.76 2.46
¢ Total CV, % = (CVintraassay + CVinterassay)"
b Systematic error, % = mean of [(direct assay value-target value)/target value] x 100.
¢ Random error, % = total imprecision x 1.96
d Total error, %=systematic error (%) + random error(%).
¢ n, number of replicate
“n, number of consecutive days
CV: coefficient of varitaion, LDL-C: low-density lipoprotein cholesterol, PnL: Precinorm L, PpL: Precipath L, SD: standard deviation




I 6 Turkalp et al.

Direct assay for LDL-cholesterol and Friedewald’s formula

Anadolu Kardiyol Derg
2005;5: 13-7

nes analytical and biological variability of three parameters and
thus often fails to meet the National Cholesterol Education Prog-
ram performance goals. Furthermore, it cannot be used in non-
fasting samples, when TGs levels are increased and in dysbetali-
poproteinemia. Therefore, the NCEP Working Group on Lipoprote-
in Measurement recommended the development of direct met-
hods for LDL-C measurement (9).

We evaluated a direct immunoseparation method for LDL-C
measurement that can easily be automated. Within-run and bet-
ween-run precisions were always below the 2% CV, and total er-
ror was below 3%. The NCEP has clearly laid down the analytical
goal for the acceptability of any new assay measuring LDL-C (3,5):
the imprecision of LDL-C determinations should not exceed 4%,
and the total error should be <12%. In our study, the precision of
direct assay is excellent and similar to that of other published re-
ports (15-18). Our data indicate that samples stored at—20°C for up
to 2 months did not experience any important change in their LDL-
concentrations when measured by direct assay. This observation
could have a practical advantage to the clinical laboratories. Re-
cently published articles by Esteban-Salan et al (15) and Smets et
al (16) confirm our findings concerning the stability of the samples.

The most commonly used method at present to estimate LDL-
C is the FF. Comparison of results obtained with the direct method
and LDL-C estimates based on this formula yielded an excellent
correlation in the serum samples with TGs <320 mg/dl (r=0.9908,

A) -20°C

| M0 r— — -

S 105+ —-

2 -

2 100 |

£ 9% —

°

El 90 J ——— —

- 0 7 14 21 28 35 42 49 56 63
Time, days

Figure 1. Effect of storage at —20°C on the measurement of LDL-C by
direct assay.

The values represent the percentages of recovery with respect to values obtained in
fresh serum pools.
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P<0.0001), but there was a lack correlation between two methods
when TGs>320 mg/dl (r=0.7472, P<0.021).

Reliable measurement of LDL-C in hypertriglyceridemic samp-
les has always been a cause of concern (19,20). In this study, we
evaluated the relation between triglycerides and LDL-C concent-
rations obtained with direct assay and FF. There was a good agre-
ement between LDL-C values determined with direct assay and FF
when TGs were <400 mg/dl, whereas there was a disagreement
between LDL-C concentrations found by two methods when TGs
exceed 400 mg/dl.

Smets et al (16) have reported that there was a significant cor-
relation between direct method and FF, but FF was unsuitable
when TGs exceed 200 mg/dl. Nauck et al(21) have reported that ho-
mogeneous methods for LDL-C do appear to be significantly less
susceptible to interference from increased TGs than the Friede-
wald calculation. Scharnagl et al (22) have reported that the Friede-
wald calculation was invalid for the determination of LDL-C in
samples in which low concentrations of LDL-C have been achieved
by LDL apheresis, and this finding might also be of relevance to the
monitoring of patients being treated with lipid lowering drugs.

In conclusion, the direct immunoseparation method for deter-
mination of LDL-C provides an improvement over the currently
used FF: (1) it is easily automated and rapid, (2) both imprecision
and hias meet the NCEP performance goals, (3) it has good analy-
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Figure 3. The correlation of LDL-C levels obtained by direct
immunoseparation method with LDL-C levels calculated with FF in
group 2 (patients with TGs 320-716 mg/dl);

FF: Friedewald formula, LDL-C: low-density lipoprotein cholesterol, TGs: triglycerides
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Figure 2. The correlation of LDL-C levels obtained by direct immuno-
separation method with LDL-C levels calculated with FF in group 1
(patients with TGs 60 — 308 mg/dl)

FF: Friedewald formula, LDL-C: low-density lipoprotein cholesterol, TGs: triglycerides

Figure 4. The correlations between TGs and LDL-C concentrations
measured by the direct assay and calculated with Friedewald for-
mula in two groups.

LDL-C: low-density lipoprotein cholesterol, TGs: triglycerides
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tical performance characteristics, (4) it gives reliable results with
hypertriglyceridemia, (5) LDL-C is measured directly and not esti-
mated from other parameters, thereby reducing analytical and bi-
ological variability.

Basic Clinical Interpretion

The direct assay is a precise and acceptably accurate met-
hod. It represents an improvement in the measurement of LDL-C
concentration in samples with increased TGs or samples collec-
ted postprandially and may assist in the identification of individu-
als atincreased risk of CAD and the management of patients with
hyperlipoproteinemia.

References

1. Sacks FM, Pfeffer MA, Moye LA, et al. The effect of pravastatin on
coronary events after myocardial infarction in patients with average
cholesterol levels. Cholesterol and recurrent events trial investiga-
tors. New Engl J Med 1996;335:1001-9.

2. Scandinavian Simvastatin Survival Study Group. Randomized trial of
cholesterol lowering in 4444 patients with coronary heart disease.
The Scandinavian Simvastatin Survival Study (4S). Lancet
1994;344:1383-9.

3. National Cholesterol Education Program (NCEP). Second report of
the expert panel an detection, evaluation, and treatment of high blo-
od cholesterol in adults (Adult Treatment Panel Il). Circulation
1994:89:4333-445.

4. International Task Force for Prevention of Coronary Heart Disease.
Prevention of coronary heat disease: scientific background and new
clinical guidelines. Recommendations of the European Atheroscle-
rosis Society. Nutr Metab Cardiovasc Dis 1992; 2:113-56.

5. Executive summary of the 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 I11). JAMA 2001; 285:2486-97.

6. Friedewald WT, Levi RI, Fredrickson DJ. Estimation of the concentra-
tion of low density lipoprotein cholesterol in plasma without use of
the ultracentrifuge. Clin Chem 1972;18:499-52.

7. McNamara JR, Conh JS, Wilson PWF, Schaefer EJ. Calculated valu-
es of low-density lipoprotein in the assessment of lipid abnormalities
and coronary disease risk. Clin Chem 1990;36:36-42.

8. Rubies-Prat J, Reverter JL, Senti M, et al. Calculated low-density li-
poprotein cholesterol should not be used for management of lipopro-
tein abnormalities in patients with diabetes mellitus. Diabetes Care
1993;16:1081-6.

20.

21.

22.

Turkalp et al.
Direct assay for LDL-cholesterol and Friedewald’s formula

17

Bachorik PS, Ross JW. National Education Program recommendati-
ons for measurements of low-density lipoprotein cholesterol: execu-
tive summary. National Cholesterol Education Program Working Gro-
up on Lipoprotein Measurements. Clin Chem 1995; 41:1414-20.
Myers GL, Cooper GR, Henderson 0, Hassemer DJ, Kimberly MM.
Standardization of lipid and lipoprotein measurements. In: Rifai N,
Warnick GR, Dominiczak MH, editors. Handbook of Lipoprotein Tes-
ting. Washington, DC: AACC Press; 1997: p.223-50.

Gordon T, Kannel WB, Castelli WP, Dawber TR. Lipoproteins, cardi-
ovascular disease and death, the Framingham Study. Arch Intern
Med 1981;141:1128-31.

Grundy SM. Role of low-density lipoproteins in atherogenesis and
development of coronary heart disease. Clin Chem 1995; 41:139-46.
The Long-Term Intervention with Pravastatin in Ischaemic Disease
(LIPID) Study Group. Prevention of cardiovascular events and death
with pravastatin in patients with coronary heart disease and a broad
range of initial cholesterol levels. N Eng J Med 1998;339:1349-57.
Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H,
Kannel WB. Prediction of Coronary heart disease using risk factor
categories. Circulation 1998;97:1837-47.

Esteban-Salan M, Guimon-Bardesi A, Viudo-Unzueta JM, Azcarate-
Ania MN, Pascual-Usandizaga P, Amoroto-Del-Rio E. Analytical and
clinical evaluation of two homogeneous assays for LDL-cholesterol
in hyperlipidemic patients. Clin Chem 2000; 46:1121-31.

Smets EML, Pequeriaux NCV, Blaton V, Goldschmidt. Analytical per-
formance of a direct assay for LDL-Cholesterol. Clin Chem Lab Med
2001; 39: 270-80.

Nauck M, Graziani MS, Bruton D, et al. Analytical and clinical perfor-
mance of a detergent-based homogeneous LDL-cholesterol assay: A
multicenter evaluation. Clin Chem 2000; 46: 506-14.

Miller WG, Waymack PP, Anderson FP, Ethridge SF, Jayne EC. Per-
formance of four homogeneous direct methods for LDL-Cholesterol.
Clin Chem 2002; 48: 439-98.

Sniderman AD, Blank D, Zakarian R, Bergeron J, Frohlich J. Triglyce-
rides and small dense LDL: the twin Achilles heels of the Friedewald
formula. Cli Biochem 2003; 36: 499-504.

Cantin B, Lamache B, Despres JP, Dagenais GR. Does correction of
the Friedewald formula using lipoprotein(a) change our estimation of
ischemic heart disease risk? The Quebec Cardiovascular Study. At-
herosclerosis 2002; 163: 261-7.

Nauck M, Warnick GR, Rifai N. Methods for measurement of LDL-
Cholesterol: critical assessment of direct measurement by homoge-
neous assays versus calculation. Clin Chem 2002; 48: 236-54.
Scharnagl H, Nauck M, Wieland H, Marz W. The Friedewald formu-
la underestimates LDL-cholesterol at low concentrations. Clin Chem
Lab Med 2002; 39: 426-31.

Gecmis zaman olur ki hayali cihana deger. Gonderen: Prof Ahmet Hulusi Kdker.
1988 VI. Ulusal Kardiyoloji Kongresi, Hipertansiyon Oturumu.



