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Original Article

Ten-year evaluation of homogeneous low-density lipoprotein
cholesterol methods developed by Japanese manufacturers

— Application of the Centers for Disease Control and Preven’gionlcholesterol
Reference Method Laboratory Network lipid standardization protocol —

Masakazu Nakamura', Isac Koyama?, Hiroyasu lso?, Shinichi Sato®, Mitsuyo Okazaki*, Yuzo Kayamori®,
Masahiko Kiyama', Akihiko Kitamura’, Takashi Shimamoto', and Yoshinori ishikawa'

' Osaka Medical Center for Health Science and Promotion, CRMUN Lipid Reference Laboratory, Osaka, Japan

2Public Healch, Department of Social and Environmental Medicine, Graduate School of Medicine, Osaka University, Osaka, Japan
3Chiba Prefectural Instiruce of Public Health, Chiba, Japan

Laboratory of Chemistry, College of Liberal Ares and Sciences, Tokyo Medical and Deneal Universicy, Chiba, Japan

*Department of Clinical Chemistry and Laboratory Medicine, Kyushu Universicy Hospital, Fukuoka, Japan

Aim: The risk index for atherosclerotic cardiovascular diseases in the Japanese metabolic syndrome-
focused health checkup program was changed from total cholesterol (TC) to low-density lipoprotein
cholesterol (LDL-C). We discuss the validity of this change with respect to standardization.

Methods: The beta-quantification procedure of the Centers for Disease Control and Prevention
{CDC) uses the LDL-C reference value as a target. Clinical laboratories and commercial manufactur-
ers use homogeneous LDL-C methods for standardization. (A) For clinical laboratories, LDL-C in
648 samples requested from 108 hospitals was analyzed. (B) Manufacturers participated in the CDC/
Cholesterol Reference Method Laboratory Network LDL-C standardization protocol. The standard-
ization was conducted with a performance follow-up for the 10-year period from 1998 to 2008 at
2-year intervals, 6 times.

Resulss: (A) In clinical laboratories, acceptable LDL-C levels within +4% of the CDC’s criteria re-
mained 70.4%, 456 of 648 subjects. Negative maximum bias deviating from the LDL-C target value
was —35.8%, - 52.5 mg/dL, and positive maximum bias was +24.5%, +32.3 mg/dL. (B) For man-
ufacturers, the standardization achievement rate of the analytical reagent/instrument/calibrator sys-
tem in the last four standardizations from 2002 to 2008 remained on average 66.6%, far lower than
the level required.

Conclusions: The standardization achievement rate of homogeneous LDL-C methods was much low-
er than that of TC. TC should still be used as a risk index for atherosclerotic cardiovascular diseases.
The standardization achievement rate of homogeneous LDL-C should be maintained at 100%, ac
least using samples with normal lipoprotein profiles. The accuracy and specificity of LDL-C should
be further improved before practical and clinical use.

J Atheroscler Thromb, 2010; 17:1275-1281.
Key words; CDC/CRMLN, TC, LDL-C, Metabolic syndrome
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Introduction

In Japan, atherosclerotic diseases, particularly
cardiovascular events due to myocardial infarction and
cercbrovascular discases due to cerebral infarction/
hemorrhage, as well as cancer rank high in death-cause
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statistics, accounting for 30% of all deaths®. Due to
the super-aged society in Japan, which is rare in the
world, the mortality rate due to cardiovascular events
is expected to increase further®¥; therefore, the estab-
lishment of effective methods for the prevention and
treatment of these events is a nationally important
problem for devising medical policies®.

The Ministry of Health, Labour and Welfare es-
tablished the metabolic syndrome (MetS)-focused
health checkup program for the insured aged 40-74
years in April 2008™ ©. Its lipid measurement items
did not include total cholesterol (TC), but high-densi-
ty lipoprotein cholesterol (HDL-C), low-density lipo-
protein cholesterol (LDL-C) and triglycerides (TG)
wete selected for clinical examination”.

The widely performed quality control survey for
clinical examination is an annual cross-sectional cur-
renc status surveillance on performance in clinical lab-
oratories. In contrast, the performance of reagent
manufacturers that directly affects the performance of
clinical laboratories has been neglected. In addition,
information on the limitations of homogencous
HDL-C and LDL-C methods is not adequately avail-
able to the public; therefore, standardization must
start with manufacturers. Unless the current status of
suppliers is clarified, improvement of the performance
of clinical laboratories is not expected.

This study aimed to discuss the validity of the
change from TC to LDL-C from a lipid standardiza-
tion viewpoint based on both the results of homoge-
neous LDL-C measurements in clinical laborataries
and a ten-year homogeneous LDL-C standardization
by reagent manufacturers®.

Materials and Methods

Standardization item

The item for standardization was LDL-C?. For
comparison, standardization results for TC and
HDL-C were also evaluated.

Standardization program, materials and methods
(A) A clinical laboratory participated in the
LDL-C Standardization Program for Clinical Labora-
tories (htep://www.kenkoukagaku.jp) conducted by
Osaka Medical Center for Health Science and Promo-
tion {OMC). OMC joined the Cholesterol Reference
Method Laboratory Network (CRMLN) organized by
the Centers for Disease Control and Prevention (CDC)
in July 1992 and has been a lipid reference laboratory
for the last 17 years. LDL-C in 648 fresh, non frozen,
individual samples requested from 108 institutions
over 6 years from January 2004 to January 2010 were

analyzed within 48 after blood collection by homoge-
neous methods used in the clinical laboratory. The
LDL-C reference value as a target in the same sample
was assayed by the beta-quantification (BQ) proce-
dure'?, an ultracentrifugation reference measurement
procedure, followed by the Abell-Kendall reference
method OMC.

(B) The following seven manufacturers partici-
pated in the CDC/CRMLN LDL-C Certification
Protocol for Manufacturers (June 2006) (heep://
www.cdc.gov/labstandards/crmin.htm):  Serotec Co.,
Led., Denka Seiken Co., Ltd., Sekisui Medical Co.,
Led., UMA Co., Lid., Kyowa Medex Co., Ltd., Wako
Pure Chemical Industries Ltd., and Sysmex Corpora-
tion. The standardization achievement rate was fol-
lowed up at 2-year intervals from 1996 until 2008 for
both TC and HDL-C, and from 1998 uncil 2008 for
LDL-C. In principle, fresh individual serum or a
mixed sample of at most 2 individuals was used.
About 10 samples are measured once a week, 4 times,
which adds up to at least 40 samples. For sample col-
lection, the protocol shows the following target distri-
bution: 20% of samples from <100 mg/dL, 30%
from 100 to 130 mg/dL, 30% from 131 to 160 mg/
dL, and 20% from 161 to 400 mg/dL. In actual stan-
dardization, measurement once a week was performed
six times, and 50 samples were analyzed. For each
manufacturer, measurement was completed within 48
after blood collection. Six of the seven manufacturers
participating in the standardization shared the collec-
tion of samples and also distributed the samples ob-
tained to each other. Throughout this procedure, the
same samples were analyzed by all manufacturers. The
same samples were measured using both the BQ
method as the LDL-C reference and the analytical
reagent/instrument/calibrator system (analytical sys-
tem), which is the combination of a reagent, an ana-
lytical instrument and a calibrator adopted by each
manufacturer. Samples were also analyzed by both
agarose gel clectrophoresis and polyacrylamide gel
electrophoresis. As a result of the lipid matrices by the
wwo electrophoretic methods, 80% of all samples used
for LDL-C showed normal lipoprotein profiles, while
the remaining 20% did not show sufficient morbidity
to be regarded as dyslipidemia. Apart from samples for
standardization, for the calculation of precision, the
manufacturers reported measurement values (n=1) for
20 days using optional internal quality control serum
at a concentration of 130-160 mg/dL.

Performance criteria for clinical laboratories and
reagent manufacturers
According to the CDC’s LDL-C performance



