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SUHRN

Ciel studie: Na velkom subore dat overit zavislost hodnét LDL-cholesterolu (LDL-C) vypocitanych metédou podia
Friedewalda od vysky triacylglycerolov (TAG). Dalej overit platnost doporuceni o dostacujucom pocte vzoriek pri Stu-
diach porovnavania 2 laboratérnych metod.

Typ Studie: Retrospektivna observacna Studia, korelaény vyskum.

Néazov a sidlo pracoviska: Medzinarodny ad hoc kolektiv autorov z pracovisk — Dévera, zdravotna poistovia, a. s.,
Bratislava, pobocka KoSice, Slovensko; Departamento de Ciéncias Farmacéuticas, Fundacao Universidade Regional
De Blumenau, Blumenau, Santa Catarina, Brazil; Neurologicka klinika FN L. Pasteura a LF UPJS, Kosice, Slovensko;
Department of Endocrinology, University of Ghent, Belgium, a MedCalc Software, Mariakerke, Belgium.

Material a metddy: Na konsekutivnom subore 10 664 pacientov so Sirokou Skélou chordb boli v obdobi rokov 20002002
merané hodnoty celkového cholesterolu, HDL-cholesterolu, LDL-C a TAG. LDL-C bol merany priamou metédou Wako,
setmi DiaSys LDL-C Select FS. Paralelne bol LDL-C vypocitany metddou podia Friedewalda, pri hodnotach TAG < 4,5 mmol/l.
Porovnanie LDL-C meraného oboma metédami bolo vykonané postupom podla Passinga a Babloka.

Vysledky: Je popisany dizajn a zakladné zavery Studie. Rozdiel medzi priemernymi hodnotami LDL-C nameranymi
priamou metddou a vypocitanymi podla Friedewalda (F — D) sa kontinualne meni v zavislosti od vySky TAG, a to od
+0,50 mmol/l do -0,59 mmol/l. Pri randomizacii pacientov do 51 podsuborov, kazdy z nich s 200 pacientami, boli hodnoty
F - D 0,24 mmol/l (95% CI, 0,19-0,30). Do 95% CI zapada 50 podsuborov zo vSetkych 51 podsuborov. Parametre
regresnej priamky podla Passinga a Babloka boli vo vSetkych 51 podsuboroch v rozmedzi 95% Cl parametrov celého
suboru 10 200 pacientov. Pre Studie porovnavania dvoch metdd postacuje vyberovy subor o velkosti 200 ¢lenov.
Klucové slova: LDL-cholesterol, priama Wako metdda, Friedewaldova metdda, porovnavacia Studia.

ABSTRACT

Gasko R., de Cordova C. M. M., Klimova E., Hefler C. M. R., Schoonjans F.: LDL-cholesterol 2005 — Method Compa-
rison Study between Friedewald’s Formula and Direct Wako Method: Design of Study and Basic Conclusions
Objective: On a big data sets to verify how LDL-cholesterol (LDL-C) is determined indirectly according to Friedewald’s
formula dependent on triglycerides (TG) concentration. At second, to verify recommendations about necessary sample
size for method comparison studies based on regression analysis.

Design: Retrospective observational study. Correlational research.

Settings: International ad hoc team of authors from — Dévera Health Insurance Inc., Bratislava, branch Kosice, Slovakia;
Departamento de Ciéncias Farmacéuticas, Fundacao Universidade Regional De Blumenau, Blumenau, Santa Cata-
rina, Brazil; Clinic of Neurology, Faculty Hospital L. Pasteur and Medical School UPJS, Kosice, Slovakia; Department of
Endocrinology, University of Ghent, Belgium, and MedCalc Software, Mariakerke, Belgium.

Material and Methods: Consecutive 10 664 patients with diferent diseases. Total cholesterol, HDL-cholesterol, TG and
LDL-C were measured in years 2000 to 2002. The determination of LDL-C was performed using direct Wako method,
with DiaSys LDL-C Select FS sets. Second, LDL-C was calculated according to Friedewald’s formula, if TG were less
than 4.5 mmol/l. Intermethod comparison was performed using method of Passing and Bablok.

Results: Design of study and principle results are described. Difference between LDL-C determined with direct
method and calculated according to Friedewald (F — D) is continuously dependent on TG values, from +0.50 mmol/l
to -0.59 mmol/l. Second, after randomisation of patients into 51 subgroups, each with 200 persons, was difference
F — D 0.24 mmol/l (95% CI, 0.19 to 0.30). Parameters of regression line according Passing and Bablok were in all the
51 subgroups in 95%CI of parameters of group of 10 200 patients. For method comparison studies sample size of
200 seems to be enough.

Key words: LDL-cholesterol, direct Wako method, Friedewald’s formula, method comparison study.

Uvod

Znizovanie hladiny cholesterolu v nizkodenzitnych
lipoproteinoch (LDL cholesterol, LDL-C) cirkulujucich
v krvnej plazme pozitivne ovplyvriuje kardiovaskularnu
progndzu pacientov s preexistujicou koronarnou srdco-
vou chorobou, diabetes mellitus (4), porazkou (1,5), ako

aj kombinaciou dvoch a viacerych preexistujucich cho-
rob (21). Moznost regresie aterosklerdzy bola dokaza-
na (25). Znizovanie LDL-C pozitivne ovplyvriuje riziko
vzniku uvedenych chordb u zdravych oséb. Klinicky vy-
znam LDL-C je jasny. Preto je znizovanie hladiny lipi-
dov d6razne doporu¢ované v primarnej aj sekundarnej
kardiovaskularnej prevencii (32, 34, 35).



Metody stanovenia LDL-C sa vyvijaju a menia. Re-
feren¢na metdéda, preparativna ultracentrifugacia, sa
v rutinnej diagnostike nepouziva zo znamych dévodov
— pristrojova a ¢asova narocnost a cena. Pred 33 rok-
mi bola publikovana praca (9), podla ktorej sa LDL-C
vypocitava v diagnostike a v klinickej epidemioldgii
doteraz. Komer¢né diagnostické supravy na meranie
LDL-C presli velkym vyvojom. V roku 1998 bola popi-
sana prva neprecipitaéna priama metdda stanovenia
LDL-C, homogénna metdda tretej generacie (16). T.C.
su komercne dostupné diagnosticke supravy viacerych
vyrobcov zalozené na 5 vzajomne odliSnych metddach
(16). Ziadna z tychto metdd nikde vo svete doteraz de-
finitivne nevytlacila Friedewaldovu metédu.

Nedavno boli tesne po sebe a nezavisle na sebe
publikované 3 prace porovnavajuce stanovenie LDL-C
Friedewaldovou metddou s niektorou v sucasnosti po-
uzivanych metdd (7, 13, 26), ktorych vynimocnostou
je vysoky pocet oséb, u ktorych boli merania vykona-
né. Pri porovnavacich Studiach metdd je minimalny
odporucéany pocet 40 pacientskych vzoriek. Vysoky po-
Cet vzoriek —od 100 do 200 — je odporucany pri hodno-
teni, Ci Specifita novej metody je podobna Specifite po-
rovnavacej metody (30, 33). Pri takychto poctoch su
subory o velkosti 10 000 a viac pacientskych vzoriek
mimoriadne vhodné na overenie platnosti Statistickych
pravdepodobnosti na skuto¢ne nameranych suboroch
dat. Dali sme si za ciel vytazit z dat, ktoré vytvorili
zaklad uvedenych 3 prac (7, 13, 26) ich novym spraco-
vanim Standardnymi postupmi pouzivanymi pri porovna-
ni dvoch metdd, novymi Statistickymi postupmi, ako aj
ich vzajomnou komparaciou, ¢o najviac novych informa-
cii. Pri spracovani boli pouzité principy Evidence Ba-
sed Laboratory Medicine (18).

V tomto ¢lanku bude popisany dizajn Studie, pra-
covné postupy, jej zakladné zavery a stru€na diskusia
sUvisiacej literatury, predovSetkym recentnej, publiko-
vanej v rokoch 2004—-2005.

Material a metédy

Tato Studia hodnoti krvné vzorky 10 664 pacientov,
ktori boli pouké&zani do laboratéria k vykonaniu vySetreni
celkoveho cholesterolu, LDL-C, HDL-C a triacylglyce-
rolov (TAG, v anglickom texte TG) v ¢ase od januara
2000 do decembra 2002. Ich vek bol v rozpéti od 14 do
93 rokov; zien bolo 5 846 (54,82 %) a muzov 4818
(45,18 %). Krvné vzorky boli odoberané po 12—14 hodi-
nach bez prijmu potravy, inkubované v teplej vodne;j
lazni 15 minut kvoli koagulécii, a centrifugované pri
2000 x g poc¢as 5 minut. Sérum bolo separované a vy-
Setrenia boli vykonané v der odberu krve.

Stanovenie TAG a celkového cholesterolu bolo vy-
konané vySetrovacimi supravami Triglycerides FS
(DiaSys Diagnostic Systems GmbH & Co. KG, Holz-
heim, Nemecko), a Cholesterol (BioSystems S.A., Bar-
celona, Spanielsko), presne podla stanovenia vyrobcu,
na analyzatore Spectrum CCX Il (Abbott Diagnostics,
Abbott Park, IL, USA). Testy boli kalibrované setom CCX
Multicalibrator (Abbott), s trojpbodovou krivkou.

Stanovenie HDL-C bolo vykonané homogénnou me-
tédou bez precipitacie supravou HDL-C Immuno FS
(DiaSys). Testy boli vykonané s pouzitim Specialneho
programovania na analyzatore Spectrum CCX Il (Ab-
bott) s kalibratorom TruCal (DiaSys).

Stanovenie LDL-C homogénnou metddou bolo vy-
konané setom LDL-C Select FS (DiaSys), presne podia
stanovenia vyrobcu. Metdda je zaloZena na selektivnej
ochrane LDL-C pridanim reagensu 1 [Goodov pufer,
pH 6,8, 22 mmol/l, cholesterol esteraza > 2 kU/I, cho-
lesterol oxidaza > 2 kU/I, N-(2-hydroxy-3-sulfopropyl)-
-3,5-dimethoxyanilin (H-DAOS) 0,43 mmol/l, katalaza
> 400 kU/I, finalne koncentracie]. Cholesterol v ostat-
nych lipoproteinoch je katalyzovany cholesterol oxida-
zou, a vytvoreny peroxid vodika je rozlozeny katala-
zou. Po 5 minutach, po pridani reagensu 2 (Goodov
pufer, pH 7,0, 22 mmol/l, 4-aminoantipyrin 0,68 mmol/,
peroxidaza > 3 kU/I, findlne koncentracie), LDL-C je
uvolneny pre enzymatické spracovanie za vyuzitia
Trinderovej reakcie. Originalna metdda bola vyvinuta fir-
mou Wako Pure Chemical Industries, Japonsko. VSet-
ky reagencie su vo forme stabilnych roztokov. Podla
vyrobcu, sa nevyskytuje interferencia s triacylglycerolmi
do hodnoty 11 mmol/l, bilirubinom do 1000 pumol/l, he-
moglobinom do 300 mmol/l, alebo kyselinou askorbo-
vou do 2830 pmol/l. Testy boli vykonané s pouzitim Spe-
cialneho programovania na analyzatore Spectrum
CCX Il (Abbott) s kalibratorom TruCal (DiaSys).

Pre vzorky s hodnotou TAG < 4,5 mmol/l, hodnota
LDL-C bola vypocitana podla Friedewaldovho vzorca:
LDL-C =TC—-HDL-C —(TG/2,2) (9). Variacny koeficient
meranych testov bol stanoveny analyzou vysledkov zis-
kanych pocas 20 po sebe nasledujucich dni, pouzity
material Accumark control serum (Sigma Diagnostics,
St. Louis, MO, USA), Cislo 111K6403. Variacny koefi-
cient LDL-C meraného homogénnou metddou bol 4%.
Variané koeficienty merani celkového cholesterolu,
TAG, a HDL-C boli 3%, 4%, a 3%. Pokial ide o meranie
LDL-C, National Cholesterol Education Program
(NCEP), USA, doporu€uje nepresnost < 4 % (32). Me-
rania vykonané v laboratériu spifiali toto kritérium.

Pacienti boli z-, a laboratérne merania boli vykonané
v Blumenau, $tat Santa Catarina, Brazilska federativna
republika. Preto originalne boli pouzité konvencné jed-
notky, nie Sl jednotky. Vysledky boli prepocitavané na
Sl jednotky. Konverzné faktory su:

LDL-C [mg/dl] x 0,02586 = LDL-C [mmol/l], TAG [mg/dlI]
x 0,01125 = TAG [mmol/I].

Statisticka analyza

Porovnanie metod stanovenia LDL-C, homogénnej
Wako a vypocitanej podla Friedewaldovho vzorca, bolo
vykonané metédou podia Passinga a Babloka (19, 20).
Ku zhodnoteniu, nakolko vhodny je linearny model rozlo-
Zenia dat, bol pouzity cusum test pre linearitu (19). Bi-
variatna korelacia bola analyzovana vypo¢tom Pearso-
novho korela¢ného koeficientu, s hodnotou p. Hodnoty
p < 0,05 boli pokladané za Statisticky vyznamné. Boli
vypocitané 95%-né konfiden¢né intervaly (Cl) vSetkych
hodnét, ako rozpatie, vo vnutri ktorého by malo lezat
95% vsetkych merani Statistického testu prislichaju-
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cich do prislusného zakladného suboru. Pri interpreta-
cii boli preferované hodnoty Cl pred testovanim Sta-
tistickych hypotéz (10). Subory boli testované na nor-
malitu rozdelenia dat Kolmogorovym-Smirnovym tes-
tom. Ak nebola hypotéza o normalnosti distriblcie za-
mietnutd, boli v dalSom spracovani pouzité parametre
aritmeticky priemer a Standardna (smerodajna) odchyl-
ka. V8etky vypocty boli vykonané a grafy kreslené
v programe MedCalc for Windows, Version 8.0.1.0. (Med-
Calc Software, Mariakerke, Belgium) (31). Randomiza-
cia za Ucelom dosiahnutia Strukturnej homogenity sku-
pin bola vykonana pomocou tabulky nahodnych Cisiel.
Principy vSetkych pouzitych Statistickych postupov su
detailne popisané v praci Sheskina (23).

Statistické vypodty boli vykonané v Kosiciach (Slo-
vensko) a CiastoCne v Mariakerke (Belgicko).

Dizajn Studie

e Zdrojové data —hodnoty cholesterolu, HDL-C, TAG,
LDL-C stanoveného priamou metédou a Friedewaldo-
vym vypoctom u 10 664 osbéb — boli upravené sp6-
sobom uvedenym v postupovom diagrame (obr. 1).

Original group
10 664 persons

340 persons with
» TG > 4.5 mmol/l
y excluded
10 324 persons
v v
Date(tj S:stgrted Data

TG value rise randomised
Last 124 .| Last 124
excluded|" v "| excluded

Calculations B
Creating
51 subgroups,
each with 200

y
Calculations A
Creating
51 subgroups,
each with 200

persons persons
y A 4
Data Data
processing processing

Fig. 1. Flow diagram of patients LDL—cholesterol processing

eV ramene A boli data os6b zoradené podla hodnoty
TAG vzostupne. Bolo vytvorenych 51 podsuborov,
kazdy s n = 200 ¢lenov. Kazdy podsubor bol spra-
covany samostatne Statistickym postupom uvede-
nym v asti Statisticka analyza.

eV ramene B boli data os6b zoradené randomizova-
ne. Kazdej osobe bolo priradené Cislo z tabulky na-
hodnych Cisiel. Osoby boli zoradené podla prirade-
nych nahodnych &isiel vzostupne. Bolo vytvorenych
51 podsuborov, kazdy s n = 200 ¢lenov. Kazdy
podsubor bol spracovany samostatne Statistickym
postupom uvedenym v Casti Statisticka analyza.

« Ciselné udaje boli vyjadrené &iselne v tabulkach
a graficky.

e Bola vykonana komparacia udajov uvedenych
v 3 velkych tudiach (7, 13, 26), dalej pévodnej Studii

Friedewalda (9), a rozsahom mensich Studiach pub-
likovanych v rokoch 2004—2005 (22, 27).

e Boli ziskané a sumarizované literarne udaje,
s akcentom na literatdru rokov 2004—2005, popisuju-
ce metodické problémy priameho stanovenia LDL-C,
interpretacné problémy hodnét LDL-C ziskanych
r6znymi metddami, vztah klinickych prac a pre-
dovSetkym zasadnych epidemiologickych Studii ku
metédam stanovenia LDL-C. Dalej boli pouZité lite-
rarne Udaje s popisom novo navrhovanych metod vy-
poctu (odvodenia) hodnét LDL-C z inych laboratérmych
parametrov, a popisom novo navrhovanych marke-
rov rizika aterosklerézy ako nahrady LDL-C.

e PodrobnejSie su parcialne vysledky, grafické zna-
zornenie a ich interpretacia popisané v dalSich pra-
cach (Gasko, R. Cordova, C. M. M. Je stanovenie
LDL-cholesterolu Friedewaldovou rovnicou dosta-
tocne spolahlivé? Lekarsky Obzor, 2005, v tisku;
Gasko R. et al. LDL-cholesterol — Studia porovnania
dvoch metdd — neStandardné Statistické postupy.
2005, v priprave).

Zakladné vysledky

— Zakladné vysledky spracovania ramena A a B su
uvedené v tabulkach 1 a 2.V tabulke 3 je prehlad-
ne uvedené porovnanie vysledkov inych publikova-
nych prac porovnavajucich 2 metddy stanovenia
LDL-C, z nich jednu podla Friedewalda.

¢ Rozdiel medzi priemernymi hodnotami LDL-C name-
ranymi priamou metddou a vypocitanymi podla Frie-
dewalda (F — D) sa kontinualne meni v zavislosti od
vysky TAG, a to od +0,50 mmol/l po -0,59 mmol/l.

¢ Prirandomizécii pacientov do 51 podsuborov boli hod-
noty F— D 0,24 mmol/l (95% CI, 0,19-0,30). Do
95% Cl zapada 50 podsuborov zo vSetkych 51 podsu-
borov. Parametre regresnej priamky podla Passinga
a Babloka boli vo vSetkych 51 podsuboroch v roz-
medzi 95% Cl parametrov celého suboru 10 200 pa-
cientov. Pre Studie porovnavania dvoch metéd po-
staCuje vyberovy subor o velkosti 200 ¢lenov.

e Hodnota priemerného rozdielu F — D v publikova-
nych Studiach je podmienena predovsetkym rozlo-
zenim hodn6t TG v skumanych suboroch. V popu-
laciach réznych etnickych skupin je rozlozenie hod-
nét TG rozdielne, z toho rezultuju rézne priemerné
hodnoty TG v skumanych suboroch.

* Priame stanovenie LDL-C r6znymi metodickymi po-
stupmi nie je harmonizované. To méze spésobovat
mensie, avSak relevantné rozdiely F — D.

Diskusia

Problém metddy stanovenia LDL-C je problémom, kto-
ry rieSia laboratérni pracovnici (29).V pracach klinickych,
resp. preventivnych kardiolégov je obchadzany. V za-
sadnej praci (11), ktora popisuje a sumarizuje vysledky
5 velkych klinickych $tudii s ovplyviiovanim lipidového
statusu lie¢bou statinmi, je uvedena symptomaticka ve-
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Table 1. Calculations for 51 subgroups, grouped according to their TG value. Correlation and regression analysis. For more description
see text

Calculations A

TG range | Passing and Bablok regression, equation Y = A + BX Cusum | Arithmetic mean Pearson correlation
Groups [mmol/l] |Intercept 95% ClI Slope B 95% Cl test* D F F-D r 95% Cl for r
A [mmol/l]

1-200 | 0.20-0.52 | 5.7500 | -0.7778 to 11.6667 | 1.1500 | 1.0833 to 1.2222 | P > 0.10 | 2.29 | 2.80 0.51 | 0.9159 | 0.8903 to 0.9357
201-400 | 0.52-0.60 | 8.9459 | 2.5122to 14.2759 | 1.1081 | 1.0517 to 1.1707 | P> 0.10 | 2.57 | 3.08 0.51 |0.8992 | 0.8689 to 0.9228
401-600 | 0.60-0.65 | 3.4615 | -2.8308t0 9.6047 | 1.1538 | 1.0930 to 1.2154 | P >0.10 | 2.78 | 3.27 0.49 |0.9156 | 0.8899 to 0.9355
601-800 | 0.65-0.70 | 11.4242 | 6.0286 to 18.0000 | 1.0606 | 1.0000 to 1.1143 | P >0.10 | 2.84 | 3.31 0.47 |0.9363 | 0.9166 to 0.9514

801-1000 | 0.70-0.74 | 2.8154 | -3.2273109.4615 | 1.1385| 1.0769 to 1.2045 | P >0.10 | 2.67 | 3.14 0.47 |0.9367 | 0.9171 to 0.9517
1001-1200 | 0.74-0.78 | 9.0000 | 3.0000 to 14.1212 | 1.0857 | 1.0303 to 1.1429 | P >0.05 | 2.74 | 3.20 0.46 | 0.9419 | 0.9240 to 0.9558
1201-1400 | 0.78-0.82 | 8.4819 | 2.2000 to 14.8400 | 1.0723 | 1.0200 to 1.1333 | P> 0.10 | 2.98 | 3.47 0.49 |0.9321 | 0.9111 to 0.9482
1401-1600 | 0.82-0.86 | 9.6154 | 4.1250 to 15.0000 | 1.0462 | 1.0000 to 1.0938 | P > 0.10 | 2.91 | 3.30 0.39 |0.9488 | 0.9329 to 0.9610
1601-1800 | 0.86-0.88 | 14.6846 | 9.3200 to 18.2339 | 1.0154 | 0.9839 to 1.0600 | P > 0.10 | 3.05 | 3.50 0.45 |0.9571 | 0.9437 to 0.9674
1801-2000 | 0.88-0.91 3.1776 | -3.6066 to 9.4658 | 1.0921 | 1.0411to 1.1475 | P>0.10 | 3.13 | 3.55 0.42 |0.9432 | 0.9256 to 0.9567
2001-2200 | 0.91-0.95 | 8.9365 | 2.6053 to 15.0000 | 1.0507 | 1.0000 to 1.1053 | P >0.10 | 3.04 | 3.48 0.44 |0.9484 | 0.9324 to 0.9607
2201-2400 | 0.95-0.98 | 8.0427 | 2.6522 to 13.5070 1.061| 1.0141to 1.1087 | P> 0.10 | 3.17 | 3.60 0.43 |0.9536 | 0.9392 to 0.9647
2401-2600 | 0.98-1.01 2.0304 | -3.2586 to 7.4423 | 1.0814 | 1.03851to0 1.1264 | P >0.05 | 3.33 | 3.71 0.38 |0.9442 | 0.9268 to 0.9575
2601-2800 | 1.01-1.04 | 6.7500 | 0.2632 to 14.0000 | 1.0556 | 1.0000 to 1.1053 | P >0.10 | 3.25 | 3.68 0.43 |0.9517 | 0.9367 to 0.9633
2801-3000 | 1.04-1.07 | 5.0161 | -1.0429 to 10.4231 | 1.0645 | 1.0192t0 1.1143 | P >0.05 | 3.09 | 3.45 0.36 0.952 | 0.9370 to 0.9635
3001-3200 | 1.07-1.10 | 7.0294 | 0.9891 to 12.2687 | 1.0588 | 1.0149 to 1.1087 | P <0.05 | 3.18 | 3.57 0.36 | 0.9483 | 0.9322 to 0.9606
3201-3400 | 1.10-1.12 | 16.0645 | 12.0000 to 20.8571 | 0.9677 | 0.9286 to 1.0000 | P >0.10 | 3.16 | 3.54 0.38 0.927 | 0.9046 to 0.9443
3401-3600 | 1.12-1.16 | 3.7170 | -2.6346 to 10.9180 | 1.0605 | 1.0078 to 1.1154 | P >0.10 | 3.23 | 3.69 0.46 | 0.9349 | 0.9148 to 0.9503
3601-3800 | 1.16-1.19 1.3875 | -6.2174 to 8.0395 1.075| 1.0263 to 1.1304 | P >0.10 | 3.43 | 3.80 0.37 |0.9328 | 0.9121 to 0.9487
3801-4000 | 1.19-1.23 | 9.1341 | 2.30191to 14.9352 | 1.0244 | 0.9815t0 1.0755 | P >0.05 | 3.47 | 3.82 0.35 |0.9441 | 0.9268 to 0.9575
4001-4200 | 1.23-1.25 | 10.0000 | 5.4407 to 15.4451 | 1,0000 | 0.9634 to 1.0339 | P > 0.10 | 3.45 | 3.79 0.34 |0.9453 | 0.9283 to 0.9584
4201-4400 | 1.25-1.28 | 2.0909 | -3.6462 to 7.9911 | 1.0606 | 1.0179 to 1.1038 | P > 0.10 | 3.35 | 3.65 0.30 |0.9509 | 0.9355 to 0.9626
4401-4600 | 1.28-1.32 [ 0.5501 -5.5402 to 6.3415 | 1.0697 | 1.0244 to 1.1161 | P >0.10 | 3.48 | 3.79 0.31 0.948 | 0.9318 to 0.9604
4601-4800 | 1.32-1.35 | 7.2984 | 1.7074 to 11.2062 | 1.0105 | 0.9794 to 1.0532 | P > 0.10 | 3.54 | 3.85 0.31 |0.9442 | 0.9269 to 0.9575
4801-5000 | 1.35-1.38 1.7000 | -5.9868 to 10.5000 | 1.0667 | 1.0000 to 1.1316 | P >0.10 | 3.38 | 3.72 0.34 |0.9188 | 0.8941 to 0.9380
5001-5200 | 1.38-1.42 | 9.5000 | 3.3864 to 13.5000 | 1,0000 | 0.9722 to 1.0455 | P >0.10 | 3.61 | 3.91 0.30 |0.9548 | 0.9407 to 0.9656
5201-5400 | 1.42-1.45| 4.9375 | -1.6538 to 9.0000 | 1.0313 | 1.0000 to 1.0769 | P >0.10 | 3.80 | 4.12 0.32 | 0.9464 | 0.9298 to 0.9592
5401-5600 | 1.45-1.49 | 0.8333 | -6.3247 to 8.0000 | 1.0533 | 1.0000 to 1.1134 | P >0.10 | 3.48 | 3.77 0.29 |0.9238 | 0.9005 to 0.9419
5601-5800 | 1.49-1.53 | 6.5833 | -0.2961 to 11.5244 | 1.0093 | 0.9756 to 1.0583 | P > 0.10 | 3.70 | 4.01 0.31 |0.9322 | 0.9114 to 0.9483
5801-6000 | 1.53-1.58 1.7167 | -3.4072to0 7.0000 | 1.0333 | 1.0000to 1.0719 | P >0.10 | 3.73 | 3.97 0.24 |0.9596 | 0.9469 to 0.9693
6001-6200 | 1.58-1.62 | 6.5000 | 0.6304 to 11.8837 | 1.0000 | 0.9651 to 1.0435 | P >0.10 | 3.71 | 3.94 0.23 0.947 | 0.9306 to 0.9597
6201-6400 | 1.62-1.67 | 4.0000 | -2.8529 to 9.2667 1.013 | 0.9778 to 1.0588 | P > 0.05 | 3.82 | 4.03 0.21 | 0.9507 | 0.9354 to 0.9625
6401-6600 | 1.67-1.71 9.1654 | 3.0000 to 15.1980 | 0.9843 | 0.9406 to 1.0247 | P <0.01 | 3.59 | 3.81 0.22 | 0.9445 | 0.9273 to 0.9577
6601-6800 | 1.71-1.76 | 4.8047 | -2.5349t0 11.3281 | 1.0156 | 0.9688 to 1.0698 | P >0.10 | 3.76 | 3.99 0.23 | 0.9423 | 0.9244 to 0.9561
6801-7000 | 1.76-1.81 8.9750 | 2.2411 to 15.7209 0.975 | 0.9302to 1.0179 | P >0.10 | 3.69 | 3.88 0.19 | 0.9455 | 0.9286 to 0.9585
7001-7200 | 1.81-1.87 | 4.7135 | -3.5000 to 11.1301 | 1.0112 | 0.9675 to 1.0645 | P <0.05 | 3.80 | 4.04 0.24 |0.9277 | 0.9056 to 0.9449
7201-7400 | 1.87-1.91 | -1.6304 | -9.3077 to 5.5682 | 1.0217 | 0.9773 to 1.0769 | P <0.05 | 3.78 | 3.93 0.15 | 0.9251 | 0.9022 to 0.9428
7401-7600 | 1.91-1.98 | 4.0000 | -2.3333to0 8.8929 | 1.0000 | 0.9643 to 1.0370 | P >0.10 | 3.90 | 4.03 0.13 | 0.9571 | 0.9437 to 0.9674
7601-7800 | 1.98-2.04 | 4.0000 | -4.0135to0 9.2222 | 1.0000 | 0.9630 to 1.0541 | P >0.10 | 3.85 | 4.03 0.18 |0.9362 | 0.9166 to 0.9514
7801-8000 | 2.04-2.10 | 0.7619 | -7.4429 to 8.6250 | 1.0238 | 0.9688 to 1.0857 | P <0.01 | 3.64 | 3.80 0.16 | 0.9345 | 0.9142 to 0.9500
8001-8200 | 2.10-2.17 | -8.2345 | -16.2698 to -0.8778 | 1.0695 | 1.0222 to 1.1270 | P <0.01 | 3.86 | 3.98 0.12 | 0.9448 | 0.9276 to 0.9579
8201-8400 | 2.17-2.25 | -3.2731 | -11.6667 to 4.3580 | 1.0463 | 0.9886 to 1.1111 | P >0.10 | 3.73 | 3.87 0.14 | 0.8783 | 0.8422 to 0.9066
8401-8600 | 2.25-2.33 | -1.9091 -9.6129 to 6.1000 | 1.0101 | 0.9600 to 1.0645 | P >0.10 | 3.87 | 3.92 0.05 |0.9328 | 0.9120 to 0.9487
8601-8800 | 2.33-2.43 1.0000 | -4.5505 to 8.0052 | 1.0000 | 0.9479 to 1.0404 | P <0.01 | 3.78 | 3.84 0.06 0.944 | 0.9266 to 0.9573
8801-9000 | 2.43-2.54 | -9.9844 | -18.6447 to -1.5266 | 1.0703 | 1.0106 to 1.1316 | P >0.05 | 3.84 | 3.88 0.04 |0.9336 | 0.9131 to 0.9494
9001-9200 | 2.54-2.68 | 5.2355 | -3.0000 to 11.3750 | 0.9513 | 0.9079 to 1.0000 | P <0.01 | 4.02 | 3.97 -0.05 |0.9425 | 0.9247 to 0.9562
9201-9400 | 2.68-2.82 | -3.8710 | -10.2532 to 3.5241 | 0.9871 | 0.9379 to 1.0316 | P <0.05 | 4.00 | 3.92 -0.08 |0.9447 | 0.9276 to 0.9579
9401-9600 | 2.82-3.00 | -2.2200 | -9.8475to 7.0385 | 0.9908 | 0.9359 to 1.0450 | P <0.05 | 3.88 | 3.87 -0.01 | 0.9376 | 0.9183 to 0.9524
9601-9800 | 3.00-3.23 | -10.2017 | -19.6406 to -2.4167 | 1.0327 | 0.9792 t0 1.0938 | P >0.10 | 3.90 | 3.77 -0.13 0.933 | 0.9126 to 0.9491

9801-10000 | 3.23-3.61 | -3.6791 | -13.2778 t0 4.9830 | 0.9574 | 0.8977 to 1.0185 | P > 0.05 | 4.08 | 3.84 -0.24 0.897 | 0.8657 to 0.9209
10001-10200 | 3.61-4.06 | -12.3594 | -19.7667 to -3.7732 | 0.9844 | 0.9278 to 1.0333 | P >0.10 | 4.12 | 3.73 -0.39 0.932 | 0.9105 to 0.9478
1-10200 | 0.20-4.06 | 11.1351 | 9.0000 to 12.2609 | 0.9865 | 0.9783 to 1.0000 | P <0.01 | 3.47 | 3.72 0.25 0.926 | 0.9227 to 0.9282
10201-10324 | 4.07-4.50 | -12.9943 | -27.0980 to -2.4891 | 0.9324 | 0.8587 to 1.0098 | P >0.10 | 3.99 | 3.40 -0.59 0.898 | 0.8577 to 0.9278
*Cusum test for linearity - if P > 0.05, no significant deviation from linearity, if P < 0.05, significant deviation from linearity

**P values for r for all the lines P < 0.0001
D = Direct
F = Friedewald formula
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Table 2. Calculations for 51 subgroups, grouped according to their TG value randomly. Correlation and regression analysis. For more
description see text

Calculations B

Passing and Bablok regression, equation Y = A + BX Cusum Arit.mean Pearson correlation
Groups Intercept 95% Cl Slope B 95% ClI test* F-D e 95% Cl for r
A [mmol/l]

1-200 8.5000 1.4394 to 16.2049 1.0000 0.9508 to 1.0606 P>0,10 0.23 0.9371 0.9177 to 0.9521
201-400 10.0045 3.3462 to 17.8000 0.9889 0.9333 to 1.0385 P < 0,05 0.238 0.9285 0.9066 to 0.9455
401-600 7.0000 1.0000 to 15.9368 1.0000 0.9425 to 1.0435 P > 0,05 0.228 0.9344 0.9141 to 0.9500
601-800 10.7679 2.6304 to 18.9615 0.9821 0.9231 to 1.0435 P < 0,05 0.217 0.9108 0.8838 to 0.9318

801-1000 15.1111 6.0000 to 21.2500 0.9444 0.9000 to 1.0000 P>0,10 0.212 0.9229 0.8994 to 0.9412
1001-1200 12.3889 4.8621 to 20.1837 0.9778 0.9184 to 1.0345 P >0,10 0.228 0.902 0.8724 to 0.9250
1201-1400 11.4242 4.3103 to 18.0000 0.9848 0.9375 to 1.0345 P >0,10 0.233 0.9299 0.9084 to 0.9465
1401-1600 11.9894 4.7800 to 18.8276 0.9858 0.9310 to 1.0400 P < 0,05 0.256 0.9022 0.8727 to 0.9252
1601-1800 11.0000 2.2295 to 15.8232 1.0000 0.9596 to 1.0656 P>0,10 0.279 0.9327 0.9120 to 0.9487
1801-2000 9.2925 2.8772 to 15.0000 1.0189 0.9744 to 1.0702 P >0,10 0.328 0.9363 0.9166 to 0.9514
2001-2200 11.7581 5.9649 to 18.0775 0.9919 0.9437 to 1.0351 P>0,10 0.3 0.9301 0.9086 to 0.9467
2201-2400 11.7581 5.1250 to 19.5877 0.988 0.9298 to 1.0417 P>0,10 0.259 0.9261 0.9034 to 0.9436
2401-2600 10.0000 3.0182 to 17.2973 1.0000 0.9459 to 1.0545 P < 0,01 0.261 0.9278 0.9056 to 0.9449
2601-2800 12.0849 4.5417 to 19.5455 0.9811 0.9242 to 1.0417 P >0,10 0.266 0.8938 0.8619 to 0.9186
2801-3000 9.0000 3.3333 to 16.5000 1.0000 0.9455 to 1.044 P > 0,05 0.259 0.9111 0.8841 to 0.9320
3001-3200 9.0000 0.9706 to 14.4444 1.0000 0.9556 to 1.0588 P>0,10 0.248 0.9326 0.9118 to 0.9486
3201-3400 4.7609 -3.4194 to 12.1071 1.0435 0.9821 to 1.1129 P > 0,05 0.282 0.9129 0.8864 to 0.9334
3401-3600 11.7613 3.4714 t0 20.0185 0.991 0.9259 to 1.0571 P >0,10 0.282 0.8919 0.8596 to 0.9172
3601-3800 5.1724 -3.5446 to 12.2423 1.023 0.9658 to 1.0893 P >0,10 0.209 0.9034 0.8743 to 0.9261
3801-4000 14.0693 6.7431 to 22.1635 0.9604 0.9038 to 1.0139 P>0,10 0.233 0.9332 0.9126 to 0.9491
4001-4200 11.5717 5.8778 to 17.2153 0.9774 0.9306 to 1.0222 P>0,10 0.238 0.9435 0.9260 to 0.9570
4201-4400 16.6250 8.0000 to 22.4051 0.9423 0.8987 to 1.0000 P >0,10 0.217 0.9328 0.9121 to 0.9488
4401-4600 17.9945 10.0000 to 23.8000 0.9451 0.9000 to 1.0000 P >0,10 0.3 0.9428 0.9251 to 0.9565
4601-4800 12.0056 4.0000 to 19.7967 0.9781 0.9187 to 1.0390 P < 0,01 0.204 0.9109 0.8838 to 0.9318
4801-5000 13.4836 5.7714 to 19.5500 0.9836 0.9250 to 1.0429 P>0,10 0.22 0.9234 0.9000 to 0.9415
5001-5200 7.0000 0.3362 to 16.3710 1.0000 0.9355 to 1.0517 P >0,10 0.209 0.9074 0.8794 to 0.9292
5201-5400 8.0000 -1.3644 to 15.4451 1.0000 0.9451 to 1.0678 P >0,10 0.202 0.9119 0.8852 to 0.9327
5401-5600 7.0000 -0.5847 to 17.2581 1.0000 0.9355 to 1.0508 P > 0,05 0.209 0.9182 0.8932 to 0.9375
5601-5800 12.4333 5.7500 to 18.5909 0.9667 0.9221 to 1.0122 P>0,10 0.197 0.9424 0.9245 to 0.9561
5801-6000 13.5099 5.6905 to 21.4545 0.9604 0.9091 to 1.0159 P >0,10 0.212 0.9201 0.8958 to 0.9390
6001-6200 9.7057 3.7872 to 16.9839 0.9858 0.9355 to 1.0319 P>0,10 0.194 0.9393 0.9205 to 0.9538
6201-6400 10.3817 3.0556 to 16.6786 0.9785 0.9286 to 1.0317 P > 0,05 0.158 0.93 0.9085 to 0.9466
6401-6600 5.1134 -3.8182 to 12.6429 1.0206 0.9643 to 1.0909 P>0,10 0.256 0.9181 0.8931 to 0.9374
6601-6800 13.0000 5.7849 to 19.2500 1.0000 0.9423 to 1.0538 P > 0,05 0.326 0.9136 0.8873 to 0.9340
6801-7000 12.2863 4.0268 to 20.0155 0.9862 0.9278 to 1.0446 P < 0,05 0.272 0.9158 0.8902 to 0.9357
7001-7200 10.0000 3.8250 to 16.5526 1.0000 0.9474 to 1.050 P>0,10 0.303 0.9347 0.9145 to 0.9502
7201-7400 13.7794 6.5000 to 22.0301 0.9466 0.8916 to 1.0000 P>0,10 0.189 0.9051 0.8764 to 0.9274
7401-7600 4.3750 -5.1757 to 12.8438 1.0417 0.9844 to 1.1081 P < 0,05 0.274 0.9276 0.9053 to 0.9447
7601-7800 7.2684 -3.0488 to 14.9423 1.0211 0.9615 to 1.0976 P >0,10 0.261 0.889 0.8558 to 0.9149
7801-8000 7.8340 -0.3553 to 14.6857 1.0179 0.9630 to 1.0789 P>0,10 0.266 0.9188 0.8940 to 0.9379
8001-8200 7.4016 0.1923 to 13.8788 1.0164 0.9697 to 1.0769 P>0,10 0.238 0.9242 0.9010 to 0.9421
8201-8400 13.9500 8.2586 to 19.3966 0.975 0.9310 to 1.0230 P >0,10 0.29 0.9477 0.9314 to 0.9602
8401-8600 12.4091 5.3628 to 19.7000 0.9818 0.9273 to 1.0354 P >0,10 0.24 0.9205 0.8962 to 0.9393
8601-8800 12.3600 4.9167 to 20.2128 0.9733 0.9149 to 1.0333 P>0,10 0.212 0.912 0.8853 to 0.9328
8801-9000 4.9545 -3.8571 to 12.4156 1.0182 0.9610 to 1.0893 P>0,10 0.23 0.896 0.8648 to 0.9204
9001-9200 14.4310 8.9259 to 20.8333 0.9655 0.9167 to 1.0123 P >0,10 0.277 0.9348 0.9147 to 0.9503
9201-9400 16.0357 8.8284 to 23.1829 0.9286 0.8780 to 0.9851 P>0,10 0.189 0.9156 0.8899 to 0.9355
9401-9600 15.6000 9.5000 to 22.7419 0.9556 0.9032 to 1.0000 P>0,10 0.256 0.8762 0.8396 to 0.9050
9601-9800 10.3018 2.6905 to 18.1959 0.991 0.9324 to 1.0476 P>0,10 0.23 0.9075 0.8795 to 0.9293

9801-10000 10.0000 3.0263 to 17.4595 1.0000 0.9459 to 1.0526 P>0,10 0.292 0.9302 0.9088 to 0.9468
10001-10200 15.5741 9.3039 to 21.8354 0.963 0.9114 to 1.0098 P < 0,01 0.292 0.9213 0.8972 to 0.9399
1-10200 11.1351 9.0000 to 12.2609 0.9865 0.9783 to 1.0000 P <0,01 0.253 0.9255 0.9227 to 0.9282

*Cusum test for linearity - if P > 0.05, no significant deviation from linearity, if P < 0.05, significant deviation from linearity
**P values for r for all the lines p < 0.0001

D = Direct

F = Friedewald formula
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Table 3. Comparison of calculated versus direct measurement of LDL-cholesterol levels in different articles

Ref. N N1* N1/N [%] Difference D - F [mmol/I] Time of data collection Direct method (D) used
13 | 20 224 19 343 95.6 % 0,50 + 0,31 09/2001-09/2002 Wako
26 9 477 8 138 85.9 % less + 4,0 % 1991-2001 beta quantification

7 10 664 10 324 96.8 % minus 0,25 01/2000-12/2002 Wako

9 448 409 91.3 % 0,22 before 1972 preparative ultracentrifugation
27 47 42 89.4 % 2003 Wako
22 1079 1055 97.8 % 0,13 2002-2003 ?

*N1 = N with TG < 4,5 mmol/l

ta: ,,Although this difference (between Friedewald formu-
la and direct methods) could be of some significance for
treatment decision, to avoid confusion the distinction will
not be emphasized in the discussion to follow.“ Obdob-
ne, v dalSom prehlade (1) nie je ziadna zmienka o meto-
dach stanovenia LDL-C. Nakoniec, klinicki epidemiolo-
govia v pracach iba konstatuju, alebo bez komentara po-
pisuju pouzitu Friedewaldovu metodu.

Pretoze priame metddy sa vyvijaju, je potrebné ro-
bit opakované komparacie Friedewaldovej metédy s pria-
mym stanovenim. Priame metddy nie su vzajomne
harmonizované, mézu medzi nimi byt (velké?) rozdiely
(2, 16). Matrica krvnej plazmy ma vplyv na presnost
stanovenia priamych metdd (28). Pokial nebudu tieto
metddy harmonizované, bude klinicka interpretéacia ni-
mi ziskanych vysledkov vzdy obtiazna (12).

Doporucenia klinickych guideleinov, €o sa tyka stra-
tifikacie pacientov podla hodn6t LDL-C a hranic LDL-C
stanovenych pre hypolipemicku lie¢bu, sa tak isto me-
nia. Aktualne platné su v USA (32), z nich odvodené
v SR platia (34, 35). AvSak, ani guideleiny nie su harmo-
nizované! V praci (3) bolo 100 po sebe nasledujucich
pacientov bez klinickych priznakov kardiovaskularne-
ho ochorenia (KVO) hodnotenych pomocou 7 réznych
guideleinov. Predikcia rizika vzniku KVO bola podia réz-
nych guideleinov zasadne odliSn4, riziko > 20% do 10 ro-
kov bolo stanovené u 32-53 % pacientov. Co sa tyka
doporucenia hypolipemickej lieCby, ta bola doporu¢ena
u 52 % podla NCEP, 26 % podia eurépskych guidelei-
nov, 35 % podla britskych guideleinov, 5 % podla Shef-
fieldskej tabulky.

Z uvedeného vyplyva, ze zavery rozsiahlej doma-
cej prace, vykonanej v rokoch 1997—1998 (24) su teraz
uz neaktudlne, vzhladom na iné dnes pouzivané pria-
me metddy a iné dnes pouzivané guideleiny.

NasSe vysledky potvrdzuju a dalej rozvijaju pozna-
tok, ze spravnost LDL-C pocitaného Friedewaldovou
metodou je zavisla od vysky TAG (8, 17). Hodnoty bias
sa kontinualne menia. Bias je mozné korigovat mate-
matickym prepoctom. Obavame sa vsak, ze jeho publi-
kovanie by iba rozsirilo rad uz existujucich publikova-
nych formudl a vzorcov, ktoré sa v praxi neujali.

Nase vysledky potvrdzuju, ze pri Studiach porovna-
vania dvoch laboratérnych metod su subory o n = 200
po sebe nasledujucich (konsekutivnych) pacientskych
vzoriek postacujuce (30, 33), samozrejme za splnenia
podmienky spravneho metodického postupu pri vyko-
navani vySetrenia a Statistického spracovania (14).
Obdobne aj pri stanoveni referenénych hodn6t (15) su
subory tejto velkosti postacujuce. Vacsie subory nepri-
nasaju podstatnu novu informaciu.

Zaverom — popri uz prezentovanych poznatkoch — sa
domnievame, Ze vysledky nepreukazali Ziadny zasadny
ddvod na prinos pouzivania priamej metody LDL-C v ru-
tinnej diagnostike. V sulade s velkym mnozstvom inych
kvalitnych prac uzatvarame, ze stanovenie LDL-C vy-
poctom podla Friedewalda zostava nadalej dostato¢ne
spolahlivym, neposkodzujucim pacienta. Isteze, toto sta-
novisko moze byt v buducnosti pri moznosti pouzivania
skuto¢ne spolahlivej metddy merania LDL-C zmenené.

Autorsky prispevok: RG — idea prace, koordinacia
prace, Statistické vypocty a grafy, diskusia. CMMC —
zber krvnych vzoriek, meranie lipidovych parametrov.
EK —Klinicka interpretécia a diskusia. CMRH — Statistické
vypocty, interpretacia. FS — Statistické vypocty.

Konflikt zaujmov: Nie je deklarovany. Priprava tejto
prace nebola podporena Ziadnym vyrobcom labora-
térnych diagnostik ani farmaceutickym priemyslom,
priamo ani skrytou formou.
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