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Background: High-density lipoprotein-cholesterol (HDL-C) is a negative risk factor for cardiovascular
events. Although several homogeneous HDL-C assays are available, their accuracy has not been validated,
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Direct HDL-C assay determined using 12 homogeneous assays and RMPs.

Designated comparison method Results: All reagents showed excellent intra- and inter-assay CVs (<2.23%) for two pooled sera.
Standardization Furthermore, the mean bias was within +1.0% in nine reagents using samples from healthy subjects and

in eight reagents using samples from subjects with disease. In a single HDL-C (H) determination, the total
error requirement of the National Cholesterol Education Program (95% of results < 13%) was fulfilled in
nine reagents using samples from healthy subjects and six reagents in those from subjects with disease.
Error component analysis revealed that only one reagent exceeded 10% total error in samples from
healthy subjects, whereas four reagents exceeded this error in samples from subjects with disease.
Correlations between HDL-C (H) and HDL-C (RMP) revealed that the slopes were within 1.00 + 0.06 in six
reagents in healthy subjects, and eight reagents in subjects with disease.
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Conclusions: Except for three reagents, HDL-C (H) agrees well with HDL-C (RMP) in subjects with
common disease, but not in those with extremely low HDL-C or abnormal HDL composition.

© 2014 The Authors. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Lipoprotein profiles are closely associated with atherosclerotic
disorders such as coronary artery disease and cerebrovascular
disease, the major causes of death in industrialized countries {1,2].
Functionally, serum lipoproteins are divided into two groups:
atherogenic and anti-atherogenic lipoproteins. Atherogenic lipo-
proteins consist of intermediate-density lipoprotein (IDL), low-
density lipoprotein (LDL), and remnant lipoproteins. Over a pro-
longed period of time, these lipoproteins accumulate in macro-
phages in the vascular walls; macrophages turn into foam cells, the
main component of lipid-rich plaques. These are called “vulnerable
plagues” because pro-inflammatory cells—including macro-
phages—degrade the fibrous cap of plaques using proteolytic en-
zymes, causing sudden rupture [3].

High-density lipoprotein (HDL) is the only circulating anti-
atherogenic lipoprotein. HDL removes free cholesterol from so-
matic cells by accepting cell cholesterol via an exchange with the
help of ATP-binding cassette transporter A1 (ABCA1) {4] and G1
(ABCG1) [5]. This reverse cholesterol transport pathway regresses
vascular atheromatous plaques [6]. In clinical practice, the amount
of HDL is expressed as the cholesterol concentration (HDL-C).
Numerous cross-sectional and longitudinal epidemiological studies
have shown that HDL-C is a strong negative risk factor for cardio-
vascular events {7,8]. In both primary and secondary prevention
studies using statins, each 0.0259 mmol/L (1 mg/dL) increase in
HDL-C level decreased the risk of coronary artery disease by 2—3%
{9,10]. Since precipitation methods for HDL-C measurement are
cumbersome and time consuming, HDL-C is measured by homog-
enous assays (so-called “direct assays”) using a variety of principles
in almost all clinical laboratories {11]. In general, homogeneous
assays eliminate or inhibit non-HDL-C with the first reagents, and
then solubilize HDL particles for measuring cholesterol with the
second reagents. Although the performance of seven HDL-C ho-
mogeneous assays was investigated recently, the study subjects
included a considerable number of patients with rare dyslipidemia
and extremely low HDL-C {12]. Furthermore, there are additional
novel assays based on different principles.

We examined the precision and accuracy of the HDL-C homo-
geneous assays that are commercially available at present. Using
fresh blood samples from healthy subjects and subjects with dis-
ease, we compared the HDL-C concentrations determined using 12
homogeneous assays [HDL-C (H)] with those determined by the
reference measurement procedures [HDL-C (RMP)].

2. Methods
2.1. Study subjects

This study was planned and carried out concurrently with the
multi-center study of the precision and accuracy of homogeneous
assays for LDL-cholesterol (LDL-C) published previously [i3].
Initially, 173 subjects consisting of volunteers and patients with
disease were recruited at the participating institutions. We
excluded dyslipidemic patients with extremely low or high lipo-
protein concentrations [triglyceride (TG) > 11.29 mmol/L (1000 mg/
dL), LDL-C < 0.52 mmol/L (20 mg/dL), HLD-C < 0.52 mmol/L
(20 mg/dL), and HDL-C > 2.59 mmool/L (100 mg/dL). In addition, we
excluded patients with severe systemic infections, decompensated

liver cirrhosis or cholestatic liver disease [13]. Healthy subjects
(n = 48) were defined as normolipidemic healthy volunteers who
had no abnormal laboratory tests or documented diseases. The
remaining 119 persons were classified as subjects with disease,
according to their medical history and lipoprotein profiles. At
recruitment, written informed consent was obtained from all
subjects. '

The study protocol was reviewed and approved by the ethics
committees of all participating institutions. This study was con-
ducted according to the latest version of the Declaration of Helsinki.

2.2. Blood sampling and delivery

Fresh venous blood was drawn into vacuum tubes (Venoject II,
VP-AS109K50, Terumo, Tokyo, Japan) from each subject regardless
of time lapsed since the last meal. After the blood was allowed to
clot, the serum was separated within an hour and poured into 50-
mL plastic tubes (430290, Corning Japan, Tokyo) to equalize the
blood components. Aliquots of samples were dispensed into screw-
capped tubes and delivered to either SRL (Hachioji, Japan) for ho-
mogenous assays or Osaka Medical Center for Health Science and
Promotion (OMC-HSP) (Osaka, Japan) for RMP {12]. Samples were
placed in a cooling box containing refrigerant, and carried in a van
equipped with a refrigerator. Temperatures were monitored
continuously at two sites inside the box; temperatures were
maintained between 2 and 4 °C within 24 h (Supplemental Fig, 15).

2.3. HDL-C measurement

Within 24 h after blood collection, we measured HDL-C con-
centrations using 12 homogeneous assays, as well as RMP—de-
scribed below. At SRL, the precision and accuracy of 12
homogeneous assays were evaluated (Reagent-A, Denka Seiken;
Reagent-B, Wako; Reagent-C, Sysmex; Reagent-D, Serotec;
Reagent-E, Fureiya; Reagent-F, Kyowa Medex; Reagent-G, Toyobo;
Reagent-H, Shino-Test; Reagent-I, Sekisui Medical; Reagent-J, Ortho
Clinical Diagnostics; Reagent-K, Siemens Healthcare, and Reagent-
L, Beckman Coulter). Reagents-A—G, and Reagent-1 were original
homogenous assays, whereas Regent-H, Reagent-], Reagent-K and
Reagent-L were introduced products from other manufacturers
(Supplemental Table $1). Reagents-A to -1 were run on the same
automated analyzer (Hitachi-917, also called Hitachi-7170 in Japan)
that was used in the preceding studies |12,13]. The other three
reagents were run on three different instruments manufactured by
the distributors that produced the individual reagents. All of the
reagents, calibrators and controls were supplied by the respective
manufacturers and distributors. Under conditions of anonymity,
the operators of SRL measured HDL-C (H) in triplicate as described
previously {13]. In a preliminary study, we confirmed no cross
contamination between cells, and no condensation during mea-
surements using the Hitachi-910 instrument.

HDL-C was measured by RMP at OMC-HSP. First, two tubes
prepared from each sample were ultracentrifuged at 18 °C,
105,000x g for 18.5 h. The bottom fraction was recovered by dis-
carding the floating fraction using a tube slicer. After adding
heparin-manganese solution to the bottom fraction, we removed
the precipitate by centrifugation (1500x g for 30 min), and ob-
tained the HDL fraction { 14]. Finally, we measured cholesterol levels
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of the supernatant in duplicate as HDL-C (RMP) by the Abell—
Kendall method {15].

2.4. Statistical analysis

We determined three CVs (%): CVy, derived from among-run
variation using pooled serum; CVe, derived from within-run vari-
ation using triplicate measurements; and CVg, derived from
patient-specific errors, as described previously. CV; was calculated
from these three CVs [12,13]. Bias was calculated by subtracting
HDL-C (RMP) from HDL-C (H). Percentage total error (%TE) was
calculated as the sum of %bias and CV; multiplied by 1.96. We used
the criteria of the National Cholesterol Educational Program (NCEP)
for TE requirement for HDL-C measurement, where %bias, CV and %
TE were less than 5, 4 and 13%, respectively {15}

3. Results
3.1. Subjects’ characteristics

A total of 173 fresh samples were collected during the study
period. Six subjects were diagnosed with hyper-a-lipoproteinemia
with HDL-C > 2.59 mmol/L, and excluded from the analysis. Of six
patients, two were diagnosed as heterozygotes for cholesteryl ester
transfer protein (CETP) deficiency. Neither CETP activities nor
CETP gene mutations were determined in the other patients. In all
subjects, HDL-C ranged from 0.74 to 2.54 mmol/L, and TG ranged
from 0.35 to 10.57 mmol/L (Table 52).

3.2. Homogeneous assay precision

In most reagents, the inter- and intra-assay CV values were less
than 1.0% for pooled sera with HDL-C concentrations of 1.29 and
2.13 mmol/L (Table $3). The total CV values were 0.84—2.23%; this
maximum value was about half of the target (4%) proposed by
NCEP.

on-diseased Subjects

Non-di Subj
(%) (n = 48)

80

3.3. Relationship between HDL-C (H) and HDL-C (RMP)

In the healthy group, the %bias values of most samples were
within 13% for all reagents, except Reagent-D. In contrast, a sig-
nificant number of samples in subjects with disease exceeded 20%
for Reagents-G and -L (Fig. 1). The medians deviated markedly from
zero for Reagents-D and -G.

Scatter plots, % bias plots and Bland—Altman plots clearly
showed that Reagents-G and -L had poorer analytical performance
than the other reagents, particularly in the samples from subjects
with disease. In most reagents, HDL-C (H) exhibited good correla-
tion with HDL-C (RMP) in samples from healthy and diseased
subjects (Fig. 2, upper panels). However, the intercepts and slopes
of the linear regression lines ranged from —0.059 to 0.210 mmol/L
and from 0.90 to 1.12 in the samples from healthy subjects, and
from -0.016 to 0.316 mmol/L and from 0.89 to 1.01 in samples from
subjects with disease (Table 1). In Bland—Altman plots, the absolute
bias positively correlated with the mean value of HDL-C (H) and
HDL-C (RMP) concentrations for Reagent-D (Fig. 3). There was
marked diversity in the absolute bias independent of the mean
HDL-C values for Reagents-G and -L.

3.4. Total error for single measurements

In samples from healthy subjects, five reagents fulfilled the
requirement of NCEP in all samples, while Reagent-D failed in
almost 40% of samples (Table 2-A). In samples from subjects with
disease, nine reagents reached 90% agreement between HDL-C (H)
and HDL-C (RMP). These reagents showed good agreement in even
samples from patients with severe hypertriglyceridemia or type I
hyperlipidemia (Table S4). In contrast, the percentages of agree-
ment in Reagents-D, -G, and -L were markedly lower.

3.5. Error component analysis

This analysis was less informative than those using scatter plots
and Bland—Altman plots. In samples from healthy subjects, all re-
agents met the NCEP requirement (Table 2-B). In samples from

Diseased Subjects
(n=119)

60 -

40 -

20 -

A BCDETFG®GH

% Difference between HDL-C (H) and HDL-C (RMP)
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Fig. 1. Box-and-whisker plots of the percentage difference between HDL-C (H) and HDL-C (RMP) in samples from healthy and diseased subjects. HDL-C concentrations in fresh
serum samples were measured using 12 homogeneous assays and RMPs, Percentage differences were determined using the first measurements of individual reagents.
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Fig. 2. Relationship between HDL-C (H) and HDL-C (RMP) in samples from healthy and diseased subjects. Data from healthy and diseased subjects were plotted as scatter graphs

(upper panels) and %bias graphs (lower panels).

subjects with disease, Reagents-G and -L did not meet the NCEP
requirement. The CVq4 value was the critical determinant of these
unfavorable results.

4. Discussion

Our data indicates that the HDL-C (H) concentrations deter-
mined by most of the homogeneous assay reagents agree well with
HDL-C (RMP) determined by CDC reference method procedures in
samples from both healthy and diseased subjects. Nine of the
twelve reagents achieved better than 90% agreement with the NCEP
total error requirement for a single HDL-C determination (Table 1).

In contrast, the HDL-C (H) measured using Reagents-G and -L did
not match the HDL-C (RMP) data over a wide range of HDL-C
concentrations (Fig. 2).

Standardization of homogenous HDL-C assays is problematic
because no pure and stable HDL particles are available for use as a
reference. Apolipoprotein A-I is a better predictor for atheroscle-
rotic disorders than HDL-C, and is already standardized with the
reference material [17]. However, apolipoprotein A-l is not
measured as widely as HDL-C, partly due to the relatively high cost.
In 1994, the Cholesterol Reference Method Laboratory Network
(CRMLN) launched a HDL-C certification program for manufac-
turers {18] using the designated comparison method (DCM) and

— 244 —



Table 1

Relationships between HDL-C (H) and HDL-C (RMP) values.

Reagent

Subjects

Non-diseased subjects (n = 48)

220 242 2.83 270 1.75 2.56 2.16 2.19 2.74 2.04 2.24
0.005

2.60

Sy/x

0.060 0.050 0.058 0.073 —-0.038

0.210

—0.041 0.108 0.107 —0.052 —0.059

Intercept

(mmol/L)

-0.107 to

—0.016 to —-0.041 to 0.004 to

—0.006 to

0.121 to

—0.048 to
0.059

N.S.

-0.140 to

—0.137 to
0.034

0.025 to 0.020 to
N.S.

—~0.107 to

95% C.I.

0.032
N.S.

0.141
0.0375
0.92

0.156

N.S.

0.116
N.S.

0.127

N.S.
1.01

0.299
<0.0001
0.91

0.022
N.S.

0.194
0.0167
0.93

0.191
0.0122
0.90

0.030
N.S.

(mmol/L)
p-value

Slope

1.04

0.92

0.98

1.03

1.06

1.12

1.02

1.00-1.08
0.0367

0.88—0.96
0.0003

0.86—0.99
0.0158

0.94-1.02
N.S.

0.97-1.05
N.S.

0.85-0.96
0.0007

1.00-1.07

N.S.

1.01-1.11
0.0205

1.07-1.17

0.87--0.98
0.0109

0.85-0.95
0.0002

0.98—1.07
N.S.

Diseased subjects (n = 119)

95% C.I.

<0.0001

p-value

1.79 1.96 2.72 2.31 1.33 444 1.85 1.85 1.70 1.93 3.96
0.038

2.60

Sy/x

0.081 0.076 0.033 0.113 0.082

0.316

0.005 0.114 0.025 ~0.016 0.009

Intercept

(mmol/L)

-0.042 to 0.008 to 0.231 to 0.041 to 0.038 to 0.003 to 0.073 to —0.003 to

~0.078 to
0.046

N.S.

-0.019 to

0.077 to

—0.024 to

95% C.L

0.167

N.S.

0.154
<0.0001
0.91

0.063
<0.0318
0.95

0.109
0.0002
0.97

0.121
0.0001
1.00

0.401
<0.0001

0.89

0.067
0.0140

0.059
N.S.

0.069
N.S.

0.152
<0.0001
0.89

0.034
N.S.

(mmol/L)
p-value

Slope
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1.00

1.00
0.98-1.03

1.01
N.S.

1.09

0.98

0.99

0.94—-1.06
N.S.

0.88—0.93
<0.0001

0.93-0.97
<0.0001

0.94-1.00
0.0305

0.97-1.03
N.S.

0.84-0.95
0.0002

0.98—1.05
N.S.

1.04-1.13
0.0003.

0.94-1.01
N.S.

0.87—-0.92
<0.0001

0.97-1.01
N.S.

95% C.I.

p-value

A, Denka Seiken; B, Wako; C, Sysmex; D, Serotec; E, Fureiya; F, Kyowa Medex; G, Toyobo; H, Shino-Test; I, Sekisui Medical; ], Ortho Clinical Diagnostics; K, Siemens Healthcare Diagnostics; L, Beckman Coulter.

Sy/x, standard error of the estimate; C. I, confidence interval.

Centers for Disease Control and Prevention (CDC) reference method
(CDCRM). Precipitation methods, such as DCM, cannot completely
precipitate apolipoprotein-B-containing lipoproteins in hyper-
triglyceridemic samples | 18]; therefore, we measured HDL-C (RMP)
at OMC-HSP by CDCRM, which included removal of chylomicron
and very-low density lipoprotein (VLDL) by slicing a tube after ul-
tracentrifugation, and precipitation of LDL from the bottom fraction
with heparin-manganese solution. Unlike some reagents for LDL-C
homogeneous assays, high TG concentrations were not associated
with discrepancies between HDL-C (H) and HDL-C (RMP) (Table 4,
$5). In addition, the prevalence of postprandial samples did not
increase in the discordant results from diseased subjects (Table 55).
These results suggest that it is acceptable to use postprandial HDL-C
(H) data for calculation of the non-HDL-C concentration.

Miller et al. conducted a similar study of homogenous assays for
HDL-C where they also examined the accuracy of homogeneous
assays for LDL-C {12]. In subjects with disease, our results of error
component analysis were better than those of Miller's study,
although data were comparable in healthy subjects. We excluded
patients who might have abnormal HDL particles due to genetic
dyslipidemia, severe systemic infection, and decompensated liver
cirrhosis. Furthermore, we also excluded samples with severe
hypertriglyceridemia (TG > 11.29 mmol/L) since chylomicrons float
spontaneously on the top of samples, which may cause mechanical
problems with the sampling probes. Error component analysis is
not applicable to samples in which the mean successive difference
between HDL-C (H) and HDL-C (RMP) is large or discontinuous | 13].
Miller et al. evaluated samples from 138 subjects with disease,
including those with lecithin-cholesterol acyltransferase (LCAT)
deficiency (n = 1), Niemann—Pick disease type B (n = 1), and pri-
mary biliary cirrhosis (n = 6) {12]. In LCAT deficiency, apoA-I con-
taining HDL decreased markedly, while apoE-containing HDL was
comparatively preserved {20}. In Niemann-Pick type B, the sphin-
gomyelin content of HDL particles was greater than that in healthy
subjects {21]. In cholestatic liver diseases such as primary biliary
cirrhosis, apoE-rich HDL increases markedly {22,231, In the present
study, we excluded samples from subjects with hyper-a-choles-
terolemia (HDL-C > 100 mg/dL) and the abovementioned diseases.
We reported previously that the mean apoE-rich HDL-cholesterol
concentration was more than fourfold greater in hyper-a-choles-
terolemia than in healthy controls {24}]. Due to the difference in the
measuring principles, reactivity to apoE-rich HDL may vary mark-
edly among the HDL-C homogeneous assay reagents. Sugiuchi et al.
measured HDL-C in PBC and cholesteryl ester transfer protein
(CETP) deficiency using six homogeneous assays. HDL-C (H) ranged
from 51 to 147 mg/dL in PBC, and from 157 to 192 mg/dL in CETP
deficiency [23]. Miller’s study is likely to have overemphasized the
inaccuracy of homogenous assays since they included a relatively
high percentage of samples with extremely low HDL-C or
extremely abnormal HDL composition. However, it should be noted
that our data certify the analytical performance of homogenous
assays in samples only from subjects with common diseases.

No significant problems were identified in the error component
analysis of most of the HDL-C homogeneous assay reagents (Tabie 2-
B). Thus, HDL-C homogeneous assays showed generally acceptable
accuracy in the healthy and diseased groups, except for those from a
few commercial sources. However, we suggest the need for further
improvement with respect to standardization when examining the
data in a serial manner. The scatter plots showing the relationships
between HDL-C (H) and HDL-C (RMP) revealed that the slopes and Y-
intercepts of the regression lines did not fall within the satisfactory
range (1.00 £ 0.03 for slope, and 0.00 + 0.06 for intercept; Fig. 2,
Table 1). The slopes ranged from 0.90 to 1.12 in the healthy group,
and from 0.89 to 1.09 in the diseased group. Even after excluding
Reagents-D, -G and -L, three other reagents had significantly
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Fig. 3. Bland—Altman plots of HDL-C (H) and HDL-C (RMP) in samples from healthy and diseased subjects. The X-axis represents the mean HDL-C{=[HDL-C (H) + HDL-C (RMP)]/2}.

deviated slopes and Y-intercepts in samples from the healthy group,
and four reagents deviated in the diseased group. Bland—Altman
plots indicated the systemic proportional biases in Reagents-B, -D,
-K, and -L in the diseased group (Fig. 3). Because we used HDL-C
values to calculate LDL-C {25] and non-HDL-C, HDL-C values
should be further standardized. We strongly suggest that the man-
ufacturers re-evaluate the HDL-C values of their calibrators using
the same fresh serum.

We conclude that HDL-C (H) concentrations measured using
most of the homogeneous assay reagents (except for Reagents-D,
-G, and -L) agree well with the HDL-C (RMP) concentration as
determined by CDC reference method procedures in healthy and
diseased subjects without extremely low HDL-C or abnormal HDL
particles. The HDL-C homogeneous assays used in the described
criteria enable accurate and rapid determination of HDL-C con-
centrations in the appropriate population.

Table 2
Accuracy of HDL-C (H) reagents evaluated with a single measurement (A) and error component analysis (B).
Subjects Reagent
A B C D E F G H I ] K L
A: Percentage of samples that met the TE requirement of the NCEP for a single HDL-C determination®
Non-diseased subjects (n = 48) 100.0 97.9 97.9 62.5 97.9 100.0 100.0 100.0 100.0 89.6 95.8 91.6
Diseased subjects (n = 119) 93.2 99.1 974 75.6 96.6 100.0 43.7 924 97.5 94.1 974 68.1

B: Error component analysis
Non-diseased subjects (n = 48)

CVp (%) [1.2] [0.7] [1.2] [1.4] [0.9] [0.8] [1.2] [1.0] [0.9] [1.1] [1.0] [2.9]
CVe (%) 0.8 0.5 0.6 0.5 0.6 04 0.7 0.5 0.6 19 0.7 1.7
CVq (%) 3.8 33 3.3 4.1 42 24 4.1 3.0 32 32 32 3.6
CV, (%) 4.0 34 34 42 43 25 42 32 33 43 34 42
Mean bias (%) (SD) -0.1(3.9) -0.9(3.7) -0.2(3.5) 2.1(46) 05(42) 0.8(26) 0.8(50) 12(3.2) 03(3.2) ~1.0(40) -09(3.2) 04(3.7)
TE (%), for greater of positive or 8.1 ~7.5 6.9 11.1 94 6.0 9.6 7.8 7.2 -9.3 -74 93
negative limit
Diseased subjects (n = 119)
CVy (2)° [1.2] [0.7] [1.2] [14] [0.9] [0.8] [1.2] [1.0] [0.9] [1.1] [1.0] [2.9]
CVe (%) 0.7 0.5 0.7 0.6 0.6 04 0.7 0.6 0.6 1.5 1.0 1.8
CVq (%) 5.6 33 34 5.1 45 2.5 8.0 33 33 2.8 36 7.7
CV: (%) 5.7 35 36 52 4.6 2.6 8.1 34 35 3.9 3.8 8.0
Mean bias (%) (SD) 03(59) -05(42) -0.2(3.8) 1.8(53) 04(4.7) 0.8(2.8) 3.3(11.6) 1.6(3.9) 0.7(3.9) -06(3.6) -0.2(44) 1.5(9.5)
TE (%), for greater of positive or 12.4 ~7.1 7.3 13.0 10.0 6.2 214 8.7 79 -8.1 7.7 19.2

negative limit

TE, total error.
Based on the method of our previous study {13], we calculated three different CV values, CVy, CVe and CVq for (1) inter-assay variations, (2) intra-assay variations, and (3)
variations due to subject sample-specific effects, respectively. CV, was calculated as the square root of CvE, cvg and cvg.

2 The TE requirement of the NCEP is 95% of results <13%.

b We determined CV, using the pooled serum (Supplemental Table $3, Ref, [13]), and used the same CVy, values in both non-diseased and diseased groups.
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Background: The Framingham risk score (FRS) is one of the standard tools used to predict the inci-
dence of coronary heart disease (CHD). No previous study has investigated its efficacy for a Japanese
population cohort. The purpose of this study was to develop new coronary prediction algorithms for
the Japanese population in the manner of the FRS, and to compare them with the original FRS.
Methods and Results: Our coronary prediction algorithms for Japanese patients were based on a large
population-based cohort study (the Suita study). The study comprised 5,886 initially healthy Japa-
nese subjects. They were followed-up for 11.8 years on average, and 213 cases of CHD were
observed. A multiple Cox proportional hazard model by stepwise selection was used to construct the
prediction model. The C-statistics showed that the new model had better accuracy than the original
and recalibrated Framingham scores. The net reclassification improvement (NRI) by the Suita score
with the inclusion of CKD was 41.2% (<0.001) compared with the original FRS. The recalibra-
tion of the FRS slightly improved the efficiency of the prediction, but it was still worse than the Suita
score with the CKD model. The calibration analysis suggested that the original FRS and the recali-
brated FRS overestimated the risk of CHD in the Japanese population. The Suita score with CKD
more accurately predicted the risk of CHD.

Conclusion: The FRS and recalibrated FRS overestimated the 10-year risk of CHD for the Japanese
population. A predictive score including CKD as a coronary risk factor for the Japanese population
was more accurate for predicting CHD than the original Framingham risk scores in terms of the

C-statics and NRL
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classic risk factors for coronary heart disease (CHD) Y,
and it developed multivariable predictive instruments,
which enable clinicians to estimate the 10-year indi-
vidual risk of developing CHD? ?. These findings
have also been widely adopted in clinical guidelines* .
However, the FRS cannot be generalized for other
populations, since 99% of the Framingham cohort
participants were Caucasian®. For example, the use of
the FRS in some other populations resulted in an
overestimation of the CHD risk®?.

19356(1)260306
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There has been relatively little attention paid to
the validity of the FRS in the Japanese population,
which constitutes a unique population in many
aspects, with a markedly lower incidence of CHD
than Western populations”?. To our knowledge, no
previous Japanese cohort study has been performed to
evaluate the original and recalibrated FRS.

Several Japanese cohort studies developed risk
prediction tools for Japanese patients. The NIPPON
DATA 80 prediction tool has been used as the stan-
dard prediction tool in Japan'?, and has been adopted
by some clinical guidelines for the stratification of risk
in Japanese subjects'V. However, the NIPPON DATA
80’s outcome measure was coronary death, not the
incidence of CHD. The Hisayama study predicted a
composite outcome of stroke and CHD'?. Nodas
prediction score also applied to cardiac mortality ™.
The JALS study group developed a prediction tool for
acute myocardial infarction (AMI), but their predic-
tion period was relatively short (five years)'®. The
JMS-cohort study chart was also targeted for AMI,
but the population was limited to rural residents'.
These tools are all associated with some advantages
and disadvantages. However, additional tools for the
prediction of CHD are needed that can accurately
assess the risk of the longer-term incidence of CHD in
the Japanese population.

In this context, we have developed a new algo-
rithm, named the Suita Score, for predicting the
10-year probability of developing CHD, which is
based on the findings of a large population-based
cohort study performed in an urban area in Japan.

Furthermore, chronic kidney disease (CKD) has
recently been advocated as an independent risk factor
for CHD, and patients with CKD tend to possess
multiple CVD risk factors, and thus represent a major
public health problem'® . A recent CHD risk assess-
ment tool based on 2.3 million patients, the QRISK2,
included CKD as a necessary component for the risk
prediction'®. Moreover, CKD patients tend to have
an underestimated CHD risk based on the FRS'. In
addition, we previously reported that CKD leads to an

increased risk of both MI and stroke?”. Hence, the

objective of this study was;

1) To incorporate established classic coronary risk
factors into newly developed coronary prediction algo-
rithms for the Japanese population,

2) To compare the discriminatory properties of
this approach with those of the original and recali-
brated FRS

— 249 —

Methods

Populations

The Suita study, a cohort study of urban resi-
dents in Japan, was started in 1989. It was based on a
random sampling of 12,200 Japanese residents living
in Suita. As a baseline, participants between the ages
of 30 and 79 years of age were randomly selected from
the municipality population registry in 1989. Of
these, 6485 males and females underwent regular
health checkups between September 1989 and March
1994. The subjects have continued to visit the
National Cerebral and Cardiovascular Center (NCVC)
every two years for regular health checkups®?¥. A
total of 1,546 subjects were excluded from the study
based on a past history of CHD or stroke, non-fasting
blood collections, missing data or because they were
lost to follow-up. The data from the remaining 5,866
participants (2,788 males and 3,078 females) were
used for the analyses. This cohort study was approved
by the Institutional Review Board of the National
Cerebral and Cardiovascular Center.

Baseline Examinations

Blood samples were collected after the partici-
pants had fasted for at least 10 hours. The samples
were centrifuged immediately, and a routine blood
examination was performed that included the serum
total cholesterol (TC), high density lipoprotein cho-
lesterol (HDLC), triglycerides (T'G), serum creatinine
(Cre) and fasting blood glucose (FBG) levels. The
blood pressure was measured three times on the right
arm after five minutes of rest by well-trained physi-
clans using a standard mercury sphygmomanometer.
The average of the second and third measurements
was used for the analyses. Public health nurses
obtained information on the smoking and drinking
habits and medical histories. To ensure comparability
with the FRS, the categorization of the BP, diabetes,
TC and HDL-C in this study were done in accor-
dance with the criteria used in the FRS model3. DM
was defined as an FBG level 2 7.0 mmol/L (126 mg/
dl) and/or current use of anti-diabetic medication.
Cigarette smoking was dichotomized as current versus
non-current. The LDL-C was determined by the Fre-
idewald equation.

Definition of CKD

The serum Cre level was measured using the
noncompensated kinetic Jaffe” method. The estimated
glomerular filtration rate (eGFR) of each participant
was calculated from Cre value and the age, using the
MDRD equation below, modified with the Japanese
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coefficient (0.881)%%:

eGFR (ml/min/1.73 m2)=0.881%186%age ***
Cre "% (for males)

eGFR=0.881%186%age"?%*Cre "1#*0.742 (for
females).

The CKD stage was defined by the K/DOQI
clinical practice guidelines?®. CKD was categorized
into Stage 3 CKD (eGFR 30-60 ml/min/1.73m?) and
Stage 4 or 5 CKD (eGFR< 30 ml/min/1.73m?).

Endpoint Determination

The follow-up method used in the Suita study
has been reported previously?**%. The endpoints for
the current follow-up study were: (1) the date of the
first diagnosis of CHD (2) the date of death, (3) the
date when the subject left Suita or (4) censoring by
December 31, 2007.

The first step in the survey for CHD involved
checking the health status of all the participants at
clinical visits carried out every two years, and by yearly
questionnaires sent by mail or conducted by tele-
phone. The second step involved the review of in-hos-
pital medical records of participants who were sus-
pected to have developed CHD. The criteria for defi-
nite or probable acute myocardial infarction were the
same as the criteria used for the MONICA project’.

In order to complete the surveillance for fatal
MI, we also conducted a systematic search of death
certificates. In addition to acute myocardial infarction,
the criteria for a diagnosis of CHD included sudden
cardiac death within 24 hours after the onset of acute
symptoms, or CHD followed by coronary artery
bypass or angioplasty.

Statistical Analysis

First, we evaluated the validity of categorical vari-
ables in the Suita Score to compare them with the
original FRS?. Then, we conducted a multiple Cox
proportional hazard model using the same categories
as those in the FRS. Subsequently, we developed a
new CHD risk score for Japanese subjects based on
the Cox model for the Suita cohort. Other risk factors
were calculated using the same categories as the FRS.
A stepwise selection with a p-value of 0.1 for backward
elimination was used to select the best predictive
model.

After selection of the best Cox model, we fitted
the hazard functions developed by the Framingham
investigators from the previously published data® for
predicting the 10-year probability of developing CHD
in the Suita cohort. The probability function was:
P=1-S(t) "exp(X, M); fX, M)=B1*(Xi-Mn+ ...
+ ﬁn*(Xn“'Mn),
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where S(t) is the survival rate for the mean values
of the risk factors at 10 years in the Suita study; 1. ..
fB s are the regression coefficients of the Cox model (B)
shown in Table 3 ; X1 . . . Xu represent the individual
risk factor values of each study participantand M1 . ..
M are the mean values of the risk factors in the Suita
cohort. In the recalibrated Framingham functions, the
coefficients were taken from the Framingham Cox
model, but the mean values from the Suita cohort
were used for the risk factors and the mean incidence
rates®.

Discrimination and calibration were used to eval-
uate the predictive capabilities of the models. We eval-
uated the discriminatory ability of this model by com-
paring the means of the C-statistics and Bayesian
information criteria (BIC). Furthermore, we measured
the model improvement as indicated by the clinical
reclassification of the FRS by the Suita Score, which is
considered to be more important indicator for predic-
tive ability using the net reclassification improvement
(NRI)?®. Since the inclusion of a new biomarker in a
prediction tool , such as the FRS, minimally improves
the predictive ability, the evaluation based on the NRI
is considered to be a valid approach for evaluating the
new biomarker?”. The NRI measures the reclassifica-
tion of people from one risk category to another
resulting from the addition of the new risk factor to a
prediction model with established risk. If all of the
people end up in a more correct risk class based on the
model with the new marker, the NRI is positive. We
calculated the category-free NRI??.

The third approach was calibration, which mea-
sured how closely the predicted risk fit the actual risk.
The Suita participants were divided into quintiles of
10-year CHD risk predicted by the Suita score func-
tions, the original Framingham functions and the
recalibrated Framingham functions®. The predicted
and actual risk in each quintile were compared, and
the differences were assessed by the Hosmer-Leme-
show chi-square tests. The SAS software program, ver-
sion 9.3. (SAS Institute Inc), and the STATA software
program, version 12 (STATA Corp LP), were used for
all of the statistical analyses.

Results

Population Characteristics

The number of person-years studied consisted of
75,776 (34,480 for males and 41,296 for females),
with a mean follow-up period of 11.8 years. During
the follow-up period, there were 213 incidents of
CHD. The population characteristics are summarized
in Table 1. The univariate Cox regression analysis
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Table 1. Population characteristics of the study cohort

Males Females
(n=2796) (n=2725)

Age (years, mean=SD) 56.1+13.3 54.5%12.9
DM (%) 6 5.8
Current smoker (%) 49.67 11.91
Blood pressure (mmHg, %)

Optimal (SBP <120, DBP<80) 30.74 41.68

Normal (SBP< 130, DBP < 85) 19.31 17.30

High normal (SBP <140, DBP < 90) 17.98 15.69

Stage I HT (SBP < 160, DBP <100) 20.39 15.94

Stage IT to IV HT (SBP<160, DBP = 100) 11.59 9.40
Total cholesterol (mg/dl, %)

<160 10.12 6.88

160-199 39.75 30.52

200-239 37.41 39.60

240-279 10.98 18.51

= 280 1.74 4.49
LDL cholesterol (mg/dl, %)

>130 55.54 45.78

130-159 28.19 30.86

>160 16.26 23.34
HDL cholesterol (mg/dl, %)

<35 11.40 3.28

35-44 28.71 16.36

45-49 15.87 12.25

50-59 23.82 29.95

> 60 20.20 38.14
Creatinine (mg/dl, mean % SD) 0.91%0.21 0.69%0.22
eGFR {mean=SD) 64.7+24.9 90.6%29.3
CKD (2 Stage 3) (%) 46.2 11.3

LDL, Low-density lipoprotein; HDL, high-density lipoprotein;
eGFR, estimated glomerular filtration rate (ml/min/1.73 m?); CKD, chronic kidney disease; HT, hypertension

Sute)
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Fig.1. The absolute risk difference of the Fram-

ingham cohort and Suita Study cohort

The Framingham cohort data were adopted from Wil-
son’s study

CHD, coropary heart disease; PY, person-years;
Framingham(T), total Framingham cohort;
Framingham(M), Male Framingham cohort;
Framingham(F), Female Framingham cohory
Suica(T), total Suira cohort; Suita (M), Male Suita
cohort; Female Suita (F), Suita cohort
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Table 2. The multivariable-adjusted hazard ratios for coronary heart disease based on the FRS categories

MALES
Variable Relative Risk P-value 95% CI Framingham Cohort
Age,y 1.07 <0.001 1.05-1.09 1.05
TC, mg/dl

<200 Reference

200-239 1.30 0.172 0.89-1.88 1.31

z 240 2.15 0.001 1.38-3.34 1.9
HDL-C mg/dl

<35 2.06 0.001 1.37-3.10 1.47

35-59 Reference

2 60 0.67 0.103 0.42-1.08 0.56
Blood Pressure

Normal (including optimal) Reference

High normal 1.52 0.104 0.92-2.51 1.31

Stage 1 hypertension 2.24 <0.001 1.45-3.46 1.67

Stage Il hypertension 2.34 0.001 1.41-3.86 1.84
Diabetes (y/n) 1.39 0.234 0.81-2.40 1.5
Smoking 1.25 0.193 0.89-1.76 1.68
CKD 1.34 0.109 0.94-1.92 N.A
FEMALES
Variable Relative Risk P-value 95% CI Framingham Cohort
Age,y L.10 <0.001 1.07-1.13 1.04
TC, mg/dl

<200 Reference

200-239 0.58 0.097 0.30-1.10 1.51

2 240 1.38 0.272 0.78-2.46 1.72
HDL-C mg/dl

<35 1.94 0.102 0.88-4.31 2.02

35-59 Reference

260 1.04 0.881 0.61-1.79 0.58
Blood Pressure

Normal (including optimal) Reference

High normal 1.60 0.222 0.75-3.38 1.3

Stage I hypertension 1.82 0.089 0.91-3.61 1.73

Stage II hypertension 3.86 <0.001 1.99-7.48 2.12
Diabertes (y/n) 2.59 0.013 1.23-5.49 1.77
Smoking 3.22 <0.001 1.74-5.97 1.47
CKD 1.38 0.247 0.80-2.40 N.A

FRS, Framingham risk score; All variables were adjusted for all FRS variables by a Cox proportional hazard model. CKD, chronic kidney

disease; 95% CI, 95% confidence interval; N.A, not available

indicated all variables in FRS were statistically signifi-
cant (data not shown).

Fig.1 depicts the difference in the absolute risk
for CHD between the Framingham cohort and Suita
study cohort. The crude incidence rate of CHD in the
original Framingham cohort was 8.94 per 1000 per-
son-years, while that of the Suita cohort was 2.81 per
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1000 person-years. The risk of developing CHD is
nearly one-third of both the males and females in this
study cohort.

The results of the multiple Cox proportional
hazard model using the same categories as those used
in the FRS are shown in Table 2. All hazard ratios
(HRs) of categorical hypertension were higher than
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