Journal ofAl‘/7erqsc/eros/s and T/j/'ombosis Vol.17. No.12

Original Article
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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.

Results: (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%, at
least using samples with normal lipoprotein profiles. The accuracy and specificity of LDL-C should
be further improved before practical and clinical use.
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Introduction

In Japan, atherosclerotic diseases, particularly
cardiovascular events due to myocardial infarction and
cerebrovascular diseases 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)
were selected for clinical examination”.

The widely performed quality control survey for
clinical examination is an annual cross-sectional cur-
rent 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 laboratories
and a ten-year homogencous LDL-C standardization

eN0C . Cacturersd
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.

9)

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/crmln.htm):  Serotec Co.,
Ltd., Denka Seiken Co., Ltd., Sekisui Medical Co.,
Ltd., UMA Co., Ltd., Kyowa Medex Co., Lid., 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 until 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 electrophoresis and polyacrylamide gel
electrophoresis. As a result of the lipid matrices by the
two 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 (z2=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
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Table 1. Incidences of failures according to 10 certification items for LDL-C

year 1998 2000 2002 2004 2006 2008

P AR
Number of analytical systems 17 17 16 19 22 21 112

Sample numbers used 50 47 54 45-50 54 51
Runs 5 5 6 5 6 6

Standardization 10/17 17/17 10/16 14/19 14/22 14/21

% (58.8%) (100. ()"o) (62.5%) (73.7%) (63.6%) (»() 7“0)

achievement rate (%)

Number of failures / Number of analytical system

2017

No.1 I - square 0/17
No.2 %Bias at 100mg/dL 0/17 0/17
No.3 %Bias at 130mg/dl. 0/17 0/17
No.4 Y%Bias at 160mg/dL. 017 0/17
No.5 Average %Bias 3/17 0/17
No.6 Average absolute %Bias 6/17 0/17
No.7 Among-run CV 0/17 0/17
No.8 t-test 2117 0/17
No.10 Fail both in between- 0/17 0/17

methods outliers

Total (%)

4119

2/16 1/22 7/21 16/112 (14.3%)
0/16 3/19 0/22 1/21 41112 (3.6%)
0/16 0/19 3/22 1/21 41112 (3.6%)
0/16 0/19 5/22 2/21 71112 (6.3%)
0/16 0/19 1/22 1/21 5/112 (4.5%)
0/16 3/19 7122 4/21 20/112 (17.9%)
0/16 0/19 0/22 0/21 0/112 (0.0%)
0/16 0/19 1/22 1/21 41112 (3.6%)
0/16 0/19 1/22 1/21 2/112 (1.8%)
4/16 0/19 0/22 1/21 41112 (3.6%)

Analytical system means analytical reagent/instrument/calibrator system used at manufacturer's laboratory. LDL-C standardization was conducted

using analytical systems of Japanese reagent manufacturers ac 2-year intervals from 1998 to 2008.The incidences of LDL-C uncertified cases ac-

cording to the certification items (Nos. 1 to 10) are shown in Table 1.

criteria, acceptable accuracy in average %bias should
be within *4% of the reference value in clinical labo-
ratories and the analytical system of manufacturers
should simultaneously fulfill all ten of the following
(Table 1): 1: 12 >0.975; 2: %bias as accuracy at 100
mg/dLl. =4%; 3: that at 130 mg/dL. =4%; 4: that at
160 mg/dLL =4%; 5: average %bias as accuracy =4%;
6: average absolute %bias as accuracy =4%; 7:
among-run coefficient of variation as precision =4%;
8: t-test of bias, not significant at a =5%; 9: within-
method outliers, 1 allowed; and 10: between-method
outliers, none allowed. The standardization achieve-
ment rate was calculated as the number of certified
analytical systems expressed as a percentage of all sys-
tems that participated'”. The results were compared
using a spreadsheet for analysis. Both CDC and OMC
determined the failure or not of standardization for

manufacturers.

CDC/CRMLN’s TC and HDL-C standardization
for manufacturers

TC standardization'” was performed according
to the TC Certification Protocol for Manufacturers-
Revised (October 2004) (hcep://www.cdc.gov/
labstandards/crmln.htm) as a program for reagent
manufacturers. HDL-C standardization'? was carried
out according to the HDL-C Certification Protocol
for Manufacturers (November 2002) (hcep://
www.cde.gov/labstandards/crmln.hem).

12)

Results

Standardization for clinical laboratories
The %bias of each sample from the reference val-
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ue was = —4% as the lower limit of LDL-C perfor-
mance criteria in 65 samples (10.0%) and = +4% as
the upper limit in 127 samples (19.6%). In addition,
243 samples (37.5%) showed a lower value than the
target while 405 (62.5%) showed a higher value. Cas-
es not fulfilling the LDL-C criteria accounted for
29.6%, and so only 70.4% fulfilled the criteria. These
results suggest that about 1/3 of LDL-C measure-
ments cannot be used clinically. Fig. 1 shows the dis-
tribution of the %bias of each item from the reference
obtained by the BQ method. Negative bias at maxi-
mum deviated from the LDL-C reference value by —
35.8%, —52.5 mg/dL, and positive bias at maximum
by +24.5%, +32.3 mg/dL.

Standardization of manufacturers

For the standardization of manufacturers, Fig.2
shows changes in the standardization achievement rate
by year. The standardization achievement rate for TC
was 100% in every year from 1996, and that for
HDL-C gradually increased from 1996 to 2002 and
was 100% in the three years from 2004. In contrast,
the standardization achievement rate for LDL-C re-
mained on average 66.6% in the four years of evalua-
tion from 2002 to 2008. Fig. 3 shows the percentages
of successfully certified analytical systems showing
LDL-C values within +1% and +2% of the target
value. In Table 1, the incidence of uncertified cases
according to the ten performance items for LDIL-C
measurement is shown. No case was not certified due
to inadequate precision. Uncertified cases were fre-
quently observed for r-square (No. 1) and average ab-
solute %bias (No. 6) compared with the other criteria.
These results suggest the points to which manufactur-
ers should pay attention in future LDL-C method cer-
tification tests. Since an r-square value =0.975 indi-
cates poor day-to-day reproducibility in the certifica-
tion test, this problem may be relatively readily over-
come by careful management of the analytical system
and adequate attention to its manipulation. In addi-
tion, cases showing an average absolute %bias >4%
suggest there will be problems with accuracy associat-
ed with reagent specificity, the value assignment of the
calibrator, and complex matrix effects.

Discussion

The Japanese Ministry of Health, Labour and
Welfare has performed the MetS program since 2008.
Its lipid tests did not include TC, instead, HDL-C,
LDL-C and TG were selected as three essential items
for clinical examination®. MetS represents an ideal sit-
uation in which the same examinees obtain the same
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Sample number
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Fig. 1. %Bias distribution of homogencous LDL-C by Japa-
nese clinical laboratories

LDL-C of 648 samples collected in 108 clinical laboratories was
measured using homogeneous LDL-C assays in clinical laborato-
ries. The target value was established by the BQ reference method
at Osaka Medical Center for Health Science and Promotion. In
each sample, the %bias of the LDL-C value by homogencous assay
to the target value was calculated and its distribution is shown.
Samples within 4% as acceptable performance criteria numbered
4506, 70.4%. Negative bias ac maximum deviated from the LDL-C
target value by —35.8%, —52.5 mg/dL and positive bias by +
24.5%, +32.3 mg/dl. The x-axis and y-axis represent the %bias
and the sample numbers, respectively.

values at all health checkup institutions as a result of
standardization using a reference material with a certi-
fied known value. If this ideal state is realized, the
compatibility of measurement values will be secured,
and measurements performed only once will be ade-
quate, which is also useful in terms of economic poli-
cy. However, although such an ideal sicuation is theo-
retically possible, it may be difficult to achieve with-
out active effort. To approach this standardization, we
decided to request manufacturers to achieve an accu-
racy of within +1% in more than 80%, and within *
2% in 100%, of their analytical systems.

In homogeneous LDL-C methods, LDL-C is
separated from other cholesterol fractions using the
characteristics of surfactants, and LDL-C is directly
measured using an automatic analyzer. Homogeneous
LDL-C methods are very convenient due to the fol-
lowing advantages: (a) only a very small amount of a
sample (2-5 pL) is necessary, (b) measurements can be
performed using an automatic analyzer in about 5-10
minutes, (c) the measurement of three items required
for calculation using Friedewald’s formula is not nec-
essary, and (d) measurements can be performed even
at TG concentration of 1,000 mg/dL or more. Since
1996, manufacturers have taken the inidative of de-
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Fig.2. Standardization achievement rate of 3 lipids by Japanese manufacturers

The Standardization of 3 lipid items (TC, HDL-C and LDL-C) was performed at 2-year intervals from 1996 to 2008
using analytical reagent/instrument/calibrator systems of Japanese manufacturers. The standardization achievement
rates of analytical systems fulfilling the CDC/CRMLN's performance criteria are shown.
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Fig.3. LDL-C standardization achievement rate met within £ 1% and = 2% by Japanese manufactures

Japanese manufacturers were requested to achieve accuracy criteria within £1% in more than 80% of and +2% in
100% of , analytical reagent/instrument/calibrator systems, respectively. The results are shown.
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veloping homogeneous LDL-C reagents, calibrators
and procedures. This advanced tcdmolooy is evaluat-
ed highly. At present, homogencous kits by seven
manufacturers are available tlnou<7hout the world, and
therefore we consider that manufacturers in Japan
have marked medical and social responsibilities.

Some reports in Japan and other countries have
shown and analyzed marked differences in measure-
ments, particularly those in samples showing lipid ab-

normalities, among homogencous LDL-C methods of

manufacturers that dlﬂu in measurement principles'* 7.

These studies have suggested that the differences in
measured values are due to variations in the reactivity
to lipoproteins resembling low-density lipoproteins
(LDL), such as small dense LDL” "' intermediate-
density lipoproteins” ', Lp(a)'?, apoE-rich HDL™'®,
and abnormal lipoproteins, such as LP-X'® ') and
LP-Y'", expressed in patients with hepatobiliary ab-
normalities, or increased lc-mmmt lipoproteins due to
decreased lipase activity'”. Lipoproteins including
LDL are complexes with undetermined molecular
weights consisting of apoprotein, cholesterol, TG and
phospholipids, and not single substances with clarified
molecular weights, such as glucose or uric acid. The li-
poprotein composition differs even among normolip-
idemic (volunteer) individuals. Since such substances
with high-level variability are analyzed based on differ-
ent measurement principles, variations in results are
expected; however, in diagnosis and treatment, irre-
spective of the measurement principles, analytical sys-
tems that do not fulfill all the CDC’s performance cri-
teria are considered to be below the level of practical
use.

In addition, high-performance liquid chromatog-
raphy (HPLC) based on particle sizes can give useful
qualitative and quantitative information on abnormal
lipoproteins. We reported the assessment of between-
instrument variations in the HPLC method for serum
lipoproteins and rcponcd good traceability to CDC
reference methods for TC dnd HDL-C'"™. We also re-
ported several discrepancies in LDL-C levels by the
HPLC method and the CDC reference procedure us-
ing lipoprotein abnormalities, such as lipoprotein li-
pase deficiency, E2/2 type Il hyperlipidemia, choles-
teryl ester rransfer protein deficiency and hvpcr Lp(a)
lipoprotcincmia . In the US-Japan cooperative evalu-
ation of current generations of homogeneous methods
for measuring HDI‘ and LDL dlolcstexol 0 we have
already investigated the analytical performance of sev-
en LDL-C homogenecous assay kits using diseased
(primarily dyslipidemic and cardiovascular) as well as
the non-diseased individuals in the United States?.
As expected, all the LDL-C assay methods failed to

meet the goals for diseased individuals because of a
lack of specificity for abnormal lipoproteins.

Homogeneous LDL-C methods have rapidly
spread due to their convenience in clinical laboratories
before the systematic and careful evaluation of accura-
cy and specificity. The present study caused the Japan
Atherosclerosis Society to address the statement that
the introduction of homogencous LDL-C methods
had been too early. Considering the measurement ac-
curacy of the three lipid items, mistakes in clinical de-
cisions regarding diagnosis and treatment may be min-
imized by calculating non-HDL-C estimated from
both TC and HDL-C rather than by LDL-C measure-
ments with insufficient reliability”" **. Therefore, at
present, we consider TC to remain a practically useful
risk index for atherosclerotic cardiovascular diseases.
Homogenecous LDL-C methods should be improved
in accuracy and specificity before practical use in clini-
cal laboratories. Additionally, manufacturers should
provide information to clinicians by making informa-
tion about abnormal values in samples showing lipid
abnormalities available on the Interner, further in-
creasing transparency in the future.

In summary, TC was not included in the nation-
al MetS program, but HDL-C, LDL-C and TG were.
The standardization achievement rate of all homoge-
neous LDL-C methods was far lower than that of TC.
We consider that the restoration of TC is desirable for
public health and clinical use in prevention and con-
trol because of its reliability”. The accuracy and speci-
ficity of homogencous LDL-C kits should be further
improved before clinical use.
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