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Background: Accurate measurement of total cholesteral (TC) is important for cardiovascular disease risk manage-
ment. The US Centers for Disease Control and Prevention (CDC) and Cholesterol Reference Method Laboratory Net-
work (CRMLN) perform Abell-Levy-Brodie-Kendall (AK) reference measurement procedure (RMP) for TC as a
secondary reference methad, and implernent Certification.Protocol for Manufacturers. Japanese CRMLN laboratory
atOsaka performed the AK RMP for 22 years, and conducted TC certification for reagent/calibrator/instrument sys-
tems of six Japanese manufacturers every 2 years for 16 years. Osaka TC performance was examined and compared

Keywords: 3
1c to CDC's reference values.
AK RMP Methods: AK RMP involved sample hydrolysis, cholesterol extraction, and determination of chelesterol levels by
Certification spectrophotometry. The Certification Protocol for Manufacturers includes comparison with AK RMP using at least
CRMLN 40 fresh specimens. Demonstration of average bias <3% and total coefficient of variation < 3% qualified an analytical
e system for certification.
Results: In the AK RMP used in the Osaka CRMLN laboratory, the regression equation for measuring TC was y
(Osaka) ==:1.000x (CDC) + 0.032 (n == 619, R? = 1.000). Six Japanese manufacturers had allowable performance
for certification.
Conclusions: The AK RMP for TC measurement was accurate; precise, and stable for 22 years. Six Japanese manufac-
turers were certified for 16 years:
© 2015 Elsevier B.V. All rights reserved.
1. Introduction [1-3). CHD is the major cause of death in developed countries; accurate

The association between elevated total cholesterol (TC), due to
increased low-density hpopmtem cholesterol concentrations, and the
risk of premature coronary heart disease (CHD) has been well documented
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0009-8981/% 2015 Elsevier B.V. All rights reserved.

and reproducible TC measurements are of particular importance for cor-
rectly and consistently classifying individuals who are at increased risk
for this disease, as is outlined in the clinical guidelines for the diagnosis,
treatment, monitoring, and prevention of dyslipiderna [4-7].

In 1988, the US Laboratory Standardization Panel {8,9] recommend-
ed that cholesterol measurements be standardized so that values.are
traceable to the US Centers for Disease Control and Prevention (CDC)
reference measurement procedure (RMP) for cholesterol, which is a
modification of Abell-Levy-Brodie-Kendall (AK) method {10,11]. As a
result cholesterol tests performed in patient care as well as in clinical
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studies used to define clinical decision levels are standardized to the
same AK RMP. This enabled the correct interpretation of cholesterol
values and efficient implementation of clinical guidelines and public
health efforts.

The AKRMP s linked to the National Institute of Standards and Tech-
nology (NIST) method for total serum cholesterol, which involves
gas chromatography-isotope dilution mass spectrometry (GC-IDMS)
[12-15]. The GC-IDMS RMP has higher specificity and selectivity than
the AK RMP. Thus, results obtained with this method are not inter-
changeable with results from the AK RMP [10,14]. Because AK RMP-
based clinical decision levels are currently being used in patient care,
CDC continues to operate the AK RMP and standardizes clinical tests
to this method. At the same time, it established a GC-IDMS RMP {14]
to meet the increasing need for more specific and selective clinical
measurements.

Epidemiological and large-scale clinical studies have been per-
formed in Japan to investigate the risk of cardiovascular disease (CVD)
using lipid measurements similar to studies conducted in Europe and
the United States. The limitations of lipid measurement in Japan have
historically been the comparability and accuracy of the assayed results.
To overcome this limitation and to achieve traceable, accurate, and sta-
ble lipid measurements over time, an epidemiological study group at
Osaka Medical Center has participated in the World Health Organization
(WHO)-CDC Cooperative Cholesterol-Triglyceride Standardization Pro-
gram since April 1975 [15~17). The standardization of TC measurement
at Osaka was achieved through the CDC-NHLBI Lipid Standardization
Program in the 1970s and 1980s using Zak assays [18,19] and enzymatic
methods [20,21), which are routinely used to analyze cholesterol levels
in clinical 1aboratories in Japan. In 1991, the AK RMP for cholesterol was
introduced to the epidemiological laboratory at Osaka, and it was stan-
dardized through the Cholesterol Reference Method Laboratory
Network (CRMLN) from July 1992 to july 2014. TC certification has
been performed by the CDC and CRMLN for reagent manufacturers
using the Total Cholesterol Certification Protocol for Manufacturers
[22]. For clinical laboratories, TC certification has been performed
using the Certification Protocol for Clinical Laboratories [23). As aresult,
most Japanese manufacturers and many clinical laboratories standard-
ized TC measurements to provide traceability to the CDC's AK RMP. In
2002, the Osaka laboratory established a GC-IDMS method similar to
CDC's RMP [24]. The AK RMP and GC-IDMS method have both been
used continuously and simultaneously through regular CRMLN surveil-
lance under the same measurement conditions since July 2012 to the
present.

In this study, we present the accuracy and imprecision of the AK
RMP obtained at Osaka during the course of 22 years. Moreover, we out-
line an evaluation of the accuracy, precision, and total error of reagent/
calibrator/instrument systems of 6 Japanese reagent manufacturers that
participated in the TC certification program for manufacturers [22]
every 2 years for 16 years.

2. Materials and methods
2.1. Materials

In the CRMLN survey, all standardization pools for TC were created
using sera that were prepared according to the Clinical and Laboratory
Standards Institute Document C37-A {25], which defines blood collec-
tion, clotting and processing conditions. This suggests that no preserva-
tives or additives were added nor was the material lyophilized. CRMLN
survey pools include round robin samples that were provided from a
participating CRMLN laboratory, and which included native specimens
from patients and 12.1% (75 of 619 runs) of all samples. All survey
pools were blinded to the CRMLN laboratories. Samples were shipped
frozen from the CDC, and stored at — 70 °C for subsequent analysis.

In the TC Certification Protocol for Manufacturers [22), participating
manufacturers collected 40 or more fresh specimens from individual

fasting donors. The cholesterol concentration of these specimens were
distributed over a clinically meaningful range, as close as possible to
the following target distribution: 20% of samples from 120 mg/dL to
180 mg/dL, 30% of samples from 181 mg/dL to 220 mg/dL, 30% of sam-
ples from 221 mg/dL to 260 mg/dL, and 20% of samples from 261 mg/dL
to 400 mg/dL. The minimum amount of serum needed per sample for
the AK RMP analysis is 1.5 mL. Manufacturers analyzed the specimens
using their reagent/calibrator/instrument system over 20 runs, with
2 samples per run. To estimate imprecision, manufacturers should
provide quality control (QC) single data obtained from 20 separate
runs. The recommended concentration range for the QC material is
200 mg/dL to 240 mg/dL.

In the Certification Protocol for Clinical Laboratories [23], clinical
laboratories analyzed two fresh samples in each of the three concentra-
tion regions; namely region 1: 100 mg/dL and 200 mg/dL, region 2:
200 mg/dL and 240 mg/dL and region 3: >240 mg/dL. The samples
were assayed using the AK RMP at Osaka.

TC measurements were conducted at the Osaka Medical Center for
Cancer and Cardiovascular Diseases between July 1997 and June 2001,
at the Osaka Medical Center for Health Science and Promotion between
July 2001 and March 2012, and at the National Cerebral and Cardiovas-
cular Center at Osaka continuously since April 2012 (all laboratories are
refened to as the Osaka laboratory).

22. Methods

22.1. AK RMP for TC at the Osaka CRMLN laboratory

The AK RMP for TC measurement is a modification of the extraction
procedure by Abell et al. {10] and the original method was improved at
the CDC laboratory [11]. We used a Digiflex (ICN, Biomedicals, Inc.) au-
tomatic pipettor for aspirating and dispensing standard solution, sam-
ple, and reagent. Current RMP consists of saponification of a 0.250 mL
serum sample with alcoholic potassium hydroxide at 50 °C for 1 h, ex-
traction for 20 min with hexane using a mechanical shaker in a horizon-
tal position, evaporation of an aliquot of extract connected with a
vacuum oven, and color development with Liebermann-Burchard
reagent (mixed reagent of acetic anhydride, glacial acetic acid, and con-
centrated sulfuric acid) at 620 nm using a spectrophotometer (Beckman
DUG00 and DU800). The AK RMP is calibrated using the NIST Standard
Reference Material (SRM) of pure unlabeled cholesterol (SRM 911c).
The working standard solutions of cholesterol in alcohol consist of
25.0, 50.0, 100.0, 200.0, 300.0, and 400.0 mg/dL concentrations.

2.2.2. TC performance criteria applied to the CRMLN laboratory using AK
RMP

TC performance criteria applied to the CRMLN lipid reference labora-
tory are summarized in Table 1. Precision was evaluated in terms of co-
efficient of variation (CV, %), and accuracy (%bias versus CDC reference
value) was evaluated in terms of deviation (%) from the CDC reference
value.

223, Statistical criteria of TC certification for manufacturers

Statistical criteria of TC certification for manufacturers are summa-
rized in Table 2A. As a reference, statistical criteria of TC certification
for clinical laboratories are summarized in Table 2B.

Table 1
TC performance criteria applied to CRMLN lipid reference laboratory using AK RMP,

Lipid Precision criterion Accuracy criterion

Bias (deviation from CDC
reference value) + 1%

TC Coefficient of variation < 1%

CRMLN: Cholesterol Reference Method Laboratory Network. AK RMP: Abell-Levy-Brodie-
Kendall Reference Measurement Procedure. TC: total cholesterol.
CDC: Centers for Disease Control and Prevention.
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Table 2A
Statistical criteria of TC certification for manufacturer.
Parameter Criterion
e >0975
Bias at 200 mg/d! $3%
Bias at 240 mg/d} $3%
Average % bias <3%
Average absolute % bias $3%
Among-run CV <3%
Z-test of bias Not significant at o = 5%

‘Within-method outliers 1 allowed
Between-method ocutliers None allowed, but may
eliminate one sample

Table 2B
Statistical criteria of TC certification for clinical laboratory.
Parameter Criterion
e >0975
Bias at 200 mg/d] <3%
Bias at 240 mg/dl $3%
Average ¥ bias <3%
Average absolute % bias $3%
Among-run CV <3%
t-test of bias Not significant at o = 5%

Within-method outliers 1 allowed
Between-method outliers None allowed, but may
eliminate one sample

2.3. Statistical analysis

We used the protocol of NCCLS guideline EP9-A from the Clinical and
Laboratory Standards Institute for bias estimation [26) and the STATA12
analysis program for all other calculations [27,28).

3. Results

3.1. Regression, accuracy and precision of TC by AK RMP at Osaka laboratory
over time

In the AK RMP for TC measurement at Osaka, the CDC pooled sera
with 219 different concentrations (lots) were analyzed among 619 sur-
vey samples with 165 survey runs, in which each survey run consisted
of 3 to 4 different pools. There was one native sample from patients
with low TC concentration ranged 27.7 to 83.4 mg/dL in the three to
four provided pools: these samples were for the purpose of measuring
the accuracy and precision of high-density lipoprotein cholesterol. The
TC concentration ranged from 27.7 to 383.7 mg/dL: concentrations
were analyzed during the course of 22 years between July 1992 and
July 2014,

Accuracy: %Bias plots of Osaka TC by AKRMP

.o
e

0 100 200 300 400
CDC reference value by AK RMP (mg/dL)

Fig. 1. Accuracy: %Bias plots of Osaka TC by AK RMP. Y-axis indicates the %bias vs. CDC ref-
erence value of Osaka TC by AK RMP and x-axis indicates CDC reference value by AK RMP
(mg/dL). CDC: the US Centers for Disease Control and Prevention. AK RMP: Abell-Kendall
reference measurement procedure. TC: total cholesterol.

In the scatter plots of %bias between Osaka (y) and CDC (x),y =
1.000x + 0.032 (n = 619, R? = 1.000). This means that 200 mg/dL at
the CDC corresponds to 200.03 mg/dL at Osaka. The p-value and 95%
confidence interval (Cl) for the slope were p < 0.001 and (1.000,
1.001), respectively. The p-value and 95% Cl for the intercept were
p = 0.502 and (- 0.061, 0.124), respectively (Table 3).

In the scatter plots of accuracy, ¥bias vs. CDC at Osaka, y
(Osaka) = —0.001 x (CDC reference value) + 0.141 (n: 619, R? =
0.022). The p-value and 95% Cl for the slope were p < 0.001 and
(—0.001, —0.000), respectively. The p-value and 95% (I for the inter-
cept were p < 0.001 and (0.086, 0.195), respectively (Table 3). The
Osaka laboratory met the acceptable accuracy goals within + 1% com-
pared to the CDC reference values for 99.0% of the samples (613 of
619) (Fig. 1., Table 3). The maximum %bias at Osaka AK RMP was
+1.2% and the minimum was — 1.1% among all 619 samples. The
%bias between the reference values of the CDC and the measurements
of the Osaka laboratory at a medical decision point of 200 mg/dL was
only —0.06% at Osaka.

In the scatter plots of precision, CV(%) at Osaka, y (Osaka
CV%) = —0.001 x (CDC reference value) + 0.321 (n: 619, R? =
0.093). The p-value and 95% Cl for the slope were p < 0.001 and
(—0.001, —0.001), respectively. The p-value and 95% Cl for the inter-
cept were p < 0.001 and (0.286, 0.357), respectively (Table 3). The
Osaka laboratory met acceptable precision goals < 1% at CV for 99.2%
of the samples (614 of 619). The maximum CV at the Osaka AK RMP
was 1.6% (Fig. 2.).

Table 3
Regression, accuracy and precision of TC by Osaka AK RMP over time.
Parameter TC method Number of samples Pass rate Slope (95%Ct) Intercept (95%Ct) R? Time period
Regression AK RMP 619 1.000 0.032 1.000 July 1992 to july 2014
(1.000, 1.001) (-0.061,0.124) (22y)
p<0.001 p=NS
ACCHI‘SQ( AK RMP 619 99.0% -0.001 0.141 0.022 July 1992 to July 2014
(as %Bias vs. CDC) (-0.001, -0.000) (0.086, 0.195) (22y)
. p<0.001 p<0.001
Precision AK RMP 619 99.2% -0.001 0.321 0.093 July 1992 to july 2014
(ascv) (-0.001, -0.001) (0.286, 0.357) (22y)
p<0.001 p<0.001
AK RMP: Abell-Brodie-Levy-Kendall Reference Ps TC: total c]

For pass rate, TC accuracy criterion as %bias is 4 1% vs. CDC target value and TC precision criterion as CV is S 1%.
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Precision: CV plots of Osaka TC by AK RMP
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Fig. 2. Precision: coefficient of variation plots of Osaka TC by AK RMP. Y-axis indicates co-
efficient of variation {CV, %) of Osaka TC by AK RMP and x-axis indicates CDC reference
value by AK RMP (mg/dL). CDC: the US Centers for Disease Contro! and Prevention. AK
RMP: Abell-Kendall pi TC: total

3.2. Accuracy, precision and total error of japanese manufacturers conducted
by the TC Certification Protocol for Manufacturers

Six reagent manufacturers in Japan were evaluated between
1996 and 2012 eight times according to the TC Certification Protocol
for Manufacturers [22], with regard to their analytical systems consisting
of a reagent/calibrator/instrument. Their accuracy (mean %bias versus
reference value by AK RMP), precision {(among-run CV), and total
error (absolute mean %bias + 1.96 among-run CV) are presented in
Table 4A, Table 4B, and Table 4C, respectively.

3.3. %Bias plots of TC by Osaka AK RMP at each run over time

Fig. 3 shows the %bias compared to the CDC reference value plots of
the Osaka AK RMP at each run from a total of 165 runs for 22 years. The
minimum value of the %bias was — 1.1%, whereas the maximum value
was 1.2%. The x-axis indicates the survey run number every 20 runs,
and the y-axis indicates the %bias versus CDC reference value of the
Osaka AK RMP. The acceptable criterion for the accuracy of TC was

Table 4A

within + 1.0% compared to the reference value of CDC. Each survey
run consisted of three to four CDC pools, including round robin samples
provided from the CRMLN laboratory for TC analysis.

4. Discussion

The CRMLN maintains robust reference measurement systems with
high quality reference materials, measurement procedures, and contin-
uous monitoring. Established protocols and guidelines within CDC's
CRMLN certification program allows manufacturers to perform mea-
surement comparisons between the test method and the reference
method to assess performance accuracy and imprecision. As shown in
earlier reports, CRMLN successfully applies this principle to complex
analytes such as HDL- and LDL-cholesterol as well as to analytes such
as total cholesterol. Reliable data allows for consistent patient monitor-
ing, treatment management, and improved worldwide public health
efforts for CVD.

The AK RMP as operated at the CDC Laboratory and the Osaka labo-
ratory is highly accurate and reliable for over 20 years. Measurement re-
sults obtained by both laboratories show excellent agreement, precision
and stability. This ensures assay manufacturers calibrated by the Osaka
CRMLN laboratory can produce measurement results that are highly
accurate and comparable over time.

The main purpose of the CRMLN laboratories is to work with
manufacturers to certify the accuracy and precision of cholesterol mea-
surements of reagent/calibrator/instrument systems used in clinical
laboratories [29]. This is in agreement with the US Laboratory Standard-
ization Panel, which suggests that standardization is most effectively
achieved through the manufacturers of analytical instruments and re-
agents [8,9]. Between 1996 and 2012, six reagent manufacturers in
Japan were certified eight times with regard to their analytical systems
consisting reagent/calibrator/instrument [22]. Standardization of 2,122
Japanese clinical laboratories has been performed by the Certification
Protocol for Clinical Laboratories {23] between 1993 and 2014, and
98.2% of these participants met the certification criteria, which were de-
rived from clinical needs. This high pass rate with clinical Jaboratories
suggests that calibration of assay manufacturers by CRMLN laboratories
is highly successful and effective. Lipid standardization activities have
improved the accuracy of TC measurements (30]. All manufacturers
and clinical laboratories with current certification are listed on CDC's-
CRMLN web site (http://www.cdc.gov/labstandards/crmin.html).

Accuracy (mean Xbias) of 6 Japanese manufacturers conducted by TC Certification Protocol for Manufacturers.

Certification year for TC

Manufacturer 1996 1997 1998 2002 2004 2006 2008 2010 2012
A 06 -0.8 -04 0.1 1.0 -0.3 -0.3 13
B -1.2 -06 16 -04 14 1.0 -0.3 -0.1
C 10 -1.3 -1.0 06 -0.4 1.1 -0.1 -09
D 21 12 -11 -0.1 0.7 [EAY -0.5 05
E —-22 0.2 0.2 -0.2 1.8 05 ~0.1
F 1.2 0.4 —-04 0.0 05 03 (X}

Accuracy criterion: mean % bias £3% unit: %.

Table 4B

Precision {among-run CV) of 6 Japanese manufacturers conducted by TC Certification Protocol for Manufacturers.

Certification year for TC

Manufacturer 1996 1997 1998 2002 2004 2006 2008 2010 2012
A 0.5 0.6 0.6 0.6 0.8 04 05 0.5
B 0.7 0.7 0.7 0.7 1.2 06 0.6 0.7
C 0.6 0.7 05 06 05 0.6 0.5 0.5
D 0.6 0.7 05 04 03 04 04 04
E 04 05 0.7 0.5 04 0.8 1.0
F 15 08 0.7 0.5 0.5 0.4 1.0

Precision criterion: among-run CV £ 3% unit: %.
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Table 4C

Total error of 6 Japanese manufacturers conducted by TC Certification Protocol for Manufacturers.

Certification year for TC

Manufacturer 1996 1997 1998 2002 2004 2006 2008 2010 2012
A 1.5 20 15 13 286 11 1.2 23
B 26 21 3.0 17 39 2.3 15 14
C 22 27 20 18 14 23 1.0 1.8
D 33 27 22 038 14 05 13 13
E 30 13 16 1.3 26 21 21
F 4.2 19 1.8 1.0 15 1.1 20

Total error (absolute mean %bias + 1.96 among-run CV) criterion: £8.9% unit: %.

The AK RMP was proposed more than 60 years ago and is considered
the secondary reference method for analyzing cholesterol. It has been
used internationally as a reference procedure for measuring cholesterol
at CDC, CRMLN laboratories, and in many epidemiological research
institutes worldwide. Despite its widespread use, the AK method has
limitations such as complex operations, the requirement of skilled
technicians, use of hazardous reagents, and interferences related to
the measurement of reactive substances other than cholesterol. These
limitations can be minimized with current GC-IDMS RMPs.

Current clinical and public health decision points are based on mea-
surements standardized to the AK RMP, Because results obtained with
this RMP are not interchangeable with results obtained with GC-IDMS
RMPs, and a reliable relationship between both types of RMPs has not
been established yet. The AK RMP continues to be used to standardize
tests in patient care and public health. At the same time, CDC together
with CRMLN laboratories including Osaka laberatory is working to
further establish mass spectrometry-based RMPs for TC and other
lipid and lipoproteins [14,31~33). Mass spectrometry-based RMPs for
TC and triglycerides are already part of the CRMLN. This will help the
clinical and public health communities to generate new data and clinical
decision points that are linked to new more specific mass spectrometry-
based RMPs.

5. Conclusions

We presented the performance of TC measurements using the AK
RMP over the past 22 years and demonstrated the accuracy, precision,
and long-term stability of this method. As examples of AK RMP applica-
tion, we presented six reagent manufacturers in Japan that successfully
certified their reagent/calibrator/instrument systems and participated
in the TC Certification Protocol for Manufacturers for 16 years. The clin-
ical laboratories in Japan demonstrated high achievement rates for TC
certification. This accomplishment is one example on how CRMLN is
improving clinical testing of cholesterol and other blood lipids not

%Bias plots of Osaka TC by AK RMP at each run over time
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Fig. 3. ¥Bias plots of Osaka TC by AK RMP at each run over time. Y-axis indicates Osaka
%bias vs. CDC reference value and x-axis indicates each survey run from total 165 runs
(July 1992 - July 2014). CDC: The US Centers for Disease Control and Prevention. AK
RMP: Abell-Kendall reference measurement procedure. TC: total cholesterol.

only in Japan but worldwide. These data as well as data shown in previ-
ous reports demonstrate that the same standardization principles can
be applied to analytes such as TC as well as highly complex analytes
such as HDL- and LDL-cholesterol.
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Background Accurate high-density lipoprotein cholesterol (HDL-C) measurements are important for manage-
ment of cardiovascular diseases. The US Centers for Disease Control and Prevention (CDC) and Cholesterol
Reference Method Laboratory Network (CRMLN) perform ultracentrifugation (UC) reference measurement
pracedure. (RMP) to value assign HDL-C. Japanese CRMLN laboratory (Osaka) concurrently runs UC procedure
and the designated comparison method (DCM). Osaka performance of UC and DCM was examined and compared

Keywords: with CDCRMP.
HDL cholesteml Methods: CDC RMP involved UC, heparin-MnCl, precipitation, and cholesterol analysis. CRMLN DCM for samples
Ultracentrifugation containing <200 mg/dl triglycerides involved 50-kDa dextran sulfate-MgCl, precipitation and cholesterol deter-
Designated comparison method mination.
De Results: HDL-C teg,ressxon equations obtained with CDC (x) and Osaka (y) were y = 0.992x + 0.542 (R? = 0.996)
CRMIN for Osaka UCand y = 1.004x — 0,181 (R? == 0.998) for DCM. Pass rates within 1 mg/dl of the CDC target value
were 91.9 and 92.1% for Osaka UC and DCM, respectively. Biases at 40 mg/dl HDL-C were +022 and —0.02 mg/d!
for Osaka UC and DCM, respectively.
Conclusions: Osaka UC and DCM were highly accurate, precise, and stable for many years, assisting manufacturers
to calibrate products for clinical laboratories to accurately measure HDL-C for patients, calculate non-HDL-C, and
estimate fow-density lipoprotein cholesterol with the Friedewald equation.
© 2014 Elsevier B.V. All rights reserved.
1. Introduction [1-3]. The US National Cholesterol Education Program (NCEP) estimated

Alow high-density lipoprotein cholesterol (HDL-C) level is a strong
biomarker for predicting the risk of cardiovascular diseases (CVD), as
demonstrated by several epidemiological studies and clinical trials

* Disclaimer: The results and conclusions in this study are those of the authors and do
not necessarily represent the views of the Centers for Disease Control and Prevention.

* Corresponding author at: National Cerebral and Cardj Center, D of

Preventive Cardiology, Lipid Reference Laboratory, 5-7-1 Fujishirodai, Suita, Osaka 565~
8565, Japan. Tel.: -+ 81 6 6833 5004; fax; +81 6 6833 5300.
E-mail address: hp@ncvego.jp (M. )

http://dx.doi.org/10.1016/j.cca.2014.10.039
0009-8981/© 2014 Elsevier B.V. All rights reserved.

that each 1% increase in HDL-C may be associated with a 2-4% decrease
in the risk of coronary heart disease (CHD), and clinical trials on low-
density lipoprotein-lowering therapies have shown that concomitant in-
creases in HDL-C confer an additional independent reduction in the risk
of CHD [4]. HDL-C together with low-density lipoprotein cholesterol
(LDL-C), total cholesterol, and triglycerides form a lipid panel that is
measured in routine patient care to determine and monitor the risk of
a patient developing CVD.

Accurate and reproducible HDL-C measurements are of particular
importance for correctly and consistently classifying individuals at
risk of CVD, as outlined in the clinical guidelines for the subsequent
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diagnosis, treatment, and prevention of patients {5-7]. Furthermore, the
US NCEP reported [4] that the accuracy of HDL-C was particularly
important because (a) the inverse association of HDL-C with the risk
of CHD is expressed over a relatively narrow concentration range,
(b) the medical decision cut-off point (40 mg/dl) for an increased risk
of CHD is at the lower end of the HDL-C concentration range, at which
small errors can have a strong impact on patient classification, and
(c) the calculation of non-HDL-C [8,9] or LDL-C using the Friedewald
equation [10). Inaccurate HDL-C measurements also lead to errors in
the estimation of LDL-C.

Previous studies recommended that the US Centers for Disease
Control and Prevention (CDC) reference measurement procedure
(RMP) should be used to achieve accurate HDL-C measurements. CDC
RMP is a three-step procedure {11,12]: (1) ultracentrifugation (UC) at
d = 1.006 kg/l to remove triglyceride-rich lipoproteins; (2) precipita-
tion of apo B-containing lipoproteins from the ultracentrifugal
infranatant with heparin-MnCly; (3) measurement of cholesterol in
the heparin-MnCl; supernatant using the CDC reference method for
cholesterol [13]. However, ultracentrifugal measurements of HDL-C
have low sample throughput and require equipment that is not
commonly available in routine clinical laboratories. Therefore, the
Cholesterol Reference Method Laboratory Network (CRMLN) sought
to implement a designated comparison method (DCM) [14-16] with
the objective of better assisting reagent manufacturers in the calibration
of their products so that clinical laboratories coutd more accurately
measure HDL-C for patients, calculate non-HDL-C, and estimate LDL-C
with the Friedewald equation.

The CDC UC method has been accepted as the most reliable RMP for
HDL-C and the CRMLN DCM is an accurate, robust, transferable and
practical method for clinical laboratories and manufacturers. As part of
the CRMLN activities, the National Cerebral and Cardiovascular Center
at Osaka, Japan has implemented and maintained 1) the UC method,
which is same as CDC RMP, for 17 years since May 1997 and 2) DCM
for 20 years since April 1994. We measured the performance of both
HDL-C reference methods in terms of accuracy and reproducibility
after many years using comparisons with CDC RMP.

2. Materials and methods
2.1. Materials

All standardization pools for HDL-C were prepared according to the
Clinical Laboratory Standards Institute document C37-A (Preparation
and Validation of Commutable Frozen Human Serum Pools as Second-
ary Reference Materials for Cholesterol Measurement Procedures;
Approved Guideline), which implied that no preservatives or no addi-
tives were added. All survey pools were blinded to the CRMLN laborato-
ries. They were shipped frozen from CDC and stored at — 70 °C before
analysis.

HDL-C assays were conducted in the Osaka Medical Center for
Cancer and Cardiovascular Diseases between July 1997 and June 2001,
in the Osaka Medical Center for Health Science and Promotion between
July 2001 and March 2012, and in the National Cerebral and Cardiovas-
cular Center at Osaka continuously from April 2012 (all laboratories
were referred to as the ‘Osaka’ laboratory).

2.2. Methods

2.2.1. CDC reference measurement procedure for ultracentrifugation

The first step of CDC RMP employed preparative ultracentrifugation
(Beckman Coulter, Optima L-70 K and/or Optima XE-90) to remove
apo B-containing lipoproteins {11,12]. The methods at CDC and Osaka
used 5.00 ml of serum at a density of d = 1.006 kg/l (0.195 mol/I
NaCL solution) and a 50.4Ti rotor (Beckman Coulter). UC at CDC was
carried out for 16.2 h at 120,000 xg and 18 °C, and at Osaka for 18.5 h
at 105,000 xg and 18 °C. After UC, the top fraction (d < 1.006 kg/l)

was removed using tube slicer and the bottom fraction (d > 1.006 kg/)
was quantitatively transferred to a 5.00 mi volumetric flask adjusting
with 0.15 mol/l NaCl solution {14-16}. In the second step, 1.00 ml aliquots
of the bottom fraction were precipitated with 40 pL heparin (sodium
injection, 5000 USP units/ml, Baxter Healthcare Corporation) and 50 pL
manganese reagents (MnCl; solution, 1.00 M 3:0.01 M, SIGMA) [17].
The precipitate was removed for 30 min at 1500 xg and 4 °C [18-20].
In the third step, HDL-C was determined in the supernatant in duplicate
measurements by the Abell-Kendall reference method for cholesterol
[13]. The recovered cholesterol value was multiplied by 1.09 to account
for the dilution introduced by the addition of the precipitation reagent.
Four replicates from each sample were used in comparisons of assay
performance.

2.22. CRMLN designated comparison method

DCM is a precipitation-based designated comparison method using
50-kDa dextran sulfate (DS)-MgCl, as the reagent. DS (stored at 2 to
8 °C. Kept tightly capped in a desiccator in a refrigerator after opening)
was obtained from Warnick & Co. and was a special lot (lot#: 162176)
for CRMLN use only. All CRMLN laboratories used the same DS lot
to minimize potential lot-to-lot variations. MgCl,*6H0 (this reagent
was highly hygroscopic and had to be dried. A larger amount than was
needed was placed in a beaker and dried in an oven at 37 °C for at
least one hour) and sodium azide (NaN;) were obtained from Wako
Pure Chemistries Inc. in Japan. The stock solution of DS contained
2.0 g/dl DS including 50 mg/dl.NaN3, while that of MgCl, contained
14.22 g/dl including 50 mg/dl NaNs. The working reagent was prepared
by mixing equal volurnes. The working solution was stored at 2 and 8 °C
[15,16]. Osaka laboratory previously confirmed that it was stable for
3 years.

In the first step, the samples and working reagent were equilibrated
to room temperature and mixed at a ratio of 1.00 ml specimen
and 0.10 ml working reagent. The samples for DCM required
normotriglyceridemic sera including <200 mg/d! in triglycerides be-
cause of its limited sedimentation efficiency [16,17). The samples were
then incubated at room temperature for 10-30 min and centrifuged
for 30 min at 4 °C at 1500 xg. In the second step, clear supernatants
were analyzed using the reference method for cholesterol {13]. The
recovered HDL-cholesterol value in the DCM was multiplied by 1.1.
HDL-C was assayed in the supernatant in duplicate measurements.
Four replicates from one aliquot were used in comparisons of assay
performance.

2.3. Performance criteria for HDL-C applied to CRMLN laboratories

The performance criteria for HDL-C applied to the CRMLN lipid refer-
ence laboratories are summarized in Table 1. Imprecision is evaluated
not in coefficient variation (CV), but in standard deviation (SD, unit:
mg/dl), and accuracy is evaluated in bias (mg/dl) from CDC reference
value.

2.4, Statistical analysis

We used protocol EP9-A from the Clinical and Laboratory Standards
Institute for bias estimation [21] and the STATA12 analysis program for
all other calculations.

Table 1
Performance criteria applied to CRMLN lipid reference laboratory using UC method and
DM for HDL-C.

Lipid imprecision criterion Accuracy criterion
Bias <1 mg/di

CRMLN: cholesterol reference method laboratory network. UC: ultracentrifugation. DOM:
designated comparison method. HDL-C: high-density lipoprotein cholesterol.

HDL-C Standard deviation <1 mg/dl
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3. Results
3.1. Accuracy

In the UC procedure at Osaka, the pooled serum with 160 different
concentrations (lots) for HDL-C were analyzed among 626 survey sam-
ples with 154 survey runs, in which each survey run consisted of 3 to 5
different pools. They were analyzed for 17 years between May 1997 and
January 2014. The concentration ranges were 26.9-78.9 mg/dl. In the
scatter plots of bias (unit: mg/dl) between Osaka (y) and CDC (x),y =
—~0.008x + 0.540 (R? = 0.017). The p-values and 95% confidence inter-
val (Cl) of the slopes and intercepts were 0.001 and (—0.013, —0.003),
and <0.001 and (0.296, 0.784), respectively (Table 2). The Osaka labora-
tory met acceptable accuracy goals for 91.9% (575 of 626 samples) with-
in + 1 mg/d! of the CDC reference values (Fig. 1A). Biases between the
target values of CDC and the measurements of Osaka at two medical de-
cision points of 40 and 60 mg/d] were 0.22 and 0.06 mg/dl, respectively,
both of which were slightly on the positive side. Although the bias and
SD scattering of DCM appeared to be slightly better than that of CDC
RMP, no significant differences (p-value: 0.05) were observed in the ac-
curacy or precision of the 2 procedures.

In the DCM at Osaka, the pooled serum with 163 different concentra-
tions (lots) for HDL-C were analyzed among 570 survey samples with
147 survey runs, in which each survey run consisted of 3 to 4 different
pools, They were analyzed for 20 years between April 1994 and
January 2014. The concentration ranges were 20.8-86.0 mg/dl. In the
scatter plots of bias (unit: mg/dl) between Osaka (y) and CDC (x),
y = 0.004x — 0.181 (R? = 0.006). The p-values and 95% C! of the
slopes and intercepts were 0.065 and (— 0.0002, 0.007), and 0.062
and (—0.370, 0.009), respectively (Table 2). The Osaka laboratory
met acceptable accuracy goals for 92.1% (525 of 570 samples)
within +1 mg/dl of the CDC reference values (Fig. 1B). Biases between
the target values of CDC and measurements of Osaka at two medical
decision points of 40 and 60 mg/dl were —0.02 and +0.06 mg/dl,
respectively, both of which were slightly biased.

3.2. Precision

In the scatter plots of SD between Osaka (y) and CDC (x), y (SD,
mg/dl) = 0.002x (CDC reference value) + 0.270 [n: 626, R? = 0.006).
The p-value and 95% CI for the slope were 0.056 and (~0.00005,
0.0036), respectively. The p-value and 95% CI for the intercept
were <0.001 and (0.179, 0.360), respectively (Table 2). The Osaka labora-
tory met acceptable precision goals for 97.9% (613 of 626 samples)
within 3:1 mg/dl. The maximum SD at Osaka UC was 2.3 mg/d! (Fig. 2C).

In the scatter plots of SD between Osaka (y) and CDC (x), y (SD,
mg/dl) = 0.001x (CDC reference value) -+ 0.218 [n: 570, R? = 0.005].

A HDL-C bias plots of Osaka UC vs. CDC RMP
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Fig. 1. A: HDL-C bias plots of Osaka UC vs. CDC RMP. The y-axis indicates the bias (mg/dl)
of Osaka UC compared to the CDC reference value and the x-axis indicates the CDC RMP
HDL-C reference value. CDC: The US Centers for Disease Control and Prevention, HDL-C:
High-density lipoprotein chol L. UC: Ultracentril ion. B: HDL-C bias plots of
Osaka DCM vs. CDC RMP. The y-axis indicates the bias (mg/dl) of the Osaka DCM com-
pared to the CDC reference value and the x-axis indicates the CDC RMP HDL-C reference
value. CDC: The US Centers for Disease Contrel and Prevention. HDL-C: High-density lipo-
protein cholesterol. DCM: Designated comparison method.

Table 2
Regression analysis of the bias between Osaka (y) and CDC (x) and imprecision for HDL-C over time (unit: mg/dl).
Parameter HDL-C method Number of samples Slope (95%C1) Intercept (95%Cl) R? Time period
Accuracy uc 626 - 0,008 0.540 0.017 May 1997 to January 2014
(—0.013, —0.003) (0.296,0.784) (17 years)
p = 0.001 p<0.001
DCM 570 0.004 -0.181 0.006 April 1994 to January 2014
(—0.0002, 0.07) (—0.370, 0.009) (20 years)
p=NS p=NS
Precision uc 626 0.002 0270 0.006 May 1997 1o january 2014
(~0.00005, 0.0036) (0.179, 0.360) (17 years)
p=NS p <0.001
DCM 570 0.001 0.218 0.005 April 1994 to January 2014
(—0.0001, 0.002) (0.162,0.275) (20 years)
p = NS p<0.001

UC: ultracentrifugation. DCM: designated comparison method.
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C Standard deviation plots of HDL-C by Osaka UC
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Fig. 2. C: Standard deviation plots of HDL-C by Osaka UC. The y-axis indicates the SD (mg/dl)
of the Osaka UC method compared to the CDC reference value and the x-axis indicates the
CDC RMP HDL-C reference value CDC The US Centers for Disease Contro! and Prevention.
HDL-C: High-density i I D: Standard ion plots of HDL-C by
Osaka DCM. The y-axis mdlcates [he SD (mgy/dl} of the Osaka DCM compared to the COC
reference value and the x-axis indicates the CDC RMP HDL-C reference value. CDC: The US
Centers for Disease Control and Prevention. HDL-C: High-density lipoprotein cholesterol.
DCM: Designated comparison method.

The p-value and 95% CI for the slope were 0.083 and (~0.0001, 0.002),
respectively. The p-value and 95% Cl for the intercept were <0.001 and
(0.162,0.275), respectively (Table 2). The Osaka laboratory met accept-
able precision goals for 100.0% (all 570 samples) within = 1 mg/dl. The
maximum SD at Osaka DCM was 1.0 mg/dl (Fig. 2D).

3.3. Long-term bias (mg/dl) plots by the UC method and DCM at Osaka

Fig. 3E shows the bias (mg/dl) plots of Osaka UC HDL-C vs. CDC
RMP at each run for 17 years. The minimum value of the bias was
—3.7 mg/dl while the maximum value was 3.0 mg/dl. The x-axis
indicated the survey run number between May 1997 and January
2014 with 154 runs and the y-axis indicated the bias (mg/d]) of Osaka
UC HDL-C vs. CDC RMP. The acceptable criteria for the accuracy of
HDL-C were within = 1.0 mg/dl of the target value of CDC. Each survey
run consisted of 3 to 5 CDC pools for the HDL-C analysis.

Fig. 3F shows the bias (mg/dl) plots of Osaka DCM HDL-C vs. CDC
RMP at each run for 20 years. The minimum value of the bias was
—2.8 mg/dl while the maximum value was 2.6 mg/dl. The x-axis indi-
cated the survey run number between April 1994 and January 2014
with 147 runs and the y-axis indicated the bias (mg/dl) of Osaka DCM
HDL-C vs. CDC RMP. The acceptable criteria for the accuracy of HDL-C
were within =+ 1.0 mg/dl of the target value of CDC. Each survey run
consisted of 3 to 4 CDC pools for the HDL-C analysis.

4. Discussion

Previous epidemiological studies and clinical trials were based on
the results of large scale population studies using the UC method for
HDL-C, which were, in turn, based on the heparin-MnCl, precipitation
method. However, an inherent problem with this precipitation method
is the inability to sediment all the centrifuged lipoproteins [18,19],
which mainly affects triglyceride-rich lipoproteins included in turbid
or milky diseased specimens. Therefore, the UC procedure merits the
elimination of interference [20,22).

High-density lipoprotein (HDL) represents a mixture of heteroge-
neous macromolecules and physicochemical particles. No primary certi-
fied standards or measurement procedures are currently available for
HDL-C in order to establish the metrological traceability of HDL-C mea-
surements to SI. However, UC-based CDC RMP has been the reference
method of HDL-C measurements for practical use. DCM was established
to better meet needs related to faster sample turnaround and higher
throughput [16]. Both methods are now used to assure the accuracy of
testing performed in patient care and research. However, it is important
to understand the limitations of the DCM, especially with samples
containing high levels of triglycerides. Therefore, it will be necessary
and important to maintain the UC-based reference method and its stan-
dardization when encountering diseased and complicated samples.

Iso et al. in the Circulatory Risk in Communities Study (CIRCS) have
conducted epidemiological studies on the prevention of and reductions
in cerebral strokes and heart diseases among japanese individuals for
over 50 years [2,9]. During this time, we have experienced various
changes for HDL-C in assay principles from the old precipitation
methods to new homogeneous methods, in instruments from manual
operation to automatic analyzers, in reagents from strong acids to
mild enzymes, and in calibrators from cholesterol standards in alcohol
to serum-based materials. All these changes have infiuenced the preci-
sion and accuracy of HDL-C measurements. Therefore, it is of utmost
importance to ensure reference methods providing an accuracy basis
for clinical measurements remain consistent and stable over time. This
is achieved by maintaining a network of reference laboratories. In the
present study, we assessed the measurement performance and limits
of the UC and DCM methods for HDL-C at Osaka.

The homogeneous HDL-C reagents now widely adopted have several
advantages: they are fully automated on various analytical instruments,
have good precision, triglycerides do not need to be measured, and
non-fasting samples may potentially be used. However, Miller et al.
[23] and Miida et al. [24] reported some limitations when comparing
these assays against the UC-RMP. Deventer et al. found that non-HDL
cholesterol showed improved accuracy for cardiovascular risk score
classification over that of direct or calculated LDL cholesterol in a dyslip-
idemic population {25). Non-HDL-C is calculated as [total cholesterol —
HDL-C]. Therefore, accurate HDL-C will be a key factor in obtaining accu-
rate non-HDL-C values. Since non-HDL-C was previously reported to be
superior to LDL-C in predicting the risk of CVD risk [8,9], it will be
recommended as a primary screening test in the future by Japanese
authorities.

Recent discovery that serum/plasma HDL-C markedly and selectively
increased by up to 15% over the past 20 years among Japanese individ-
uals [26] raised concerns regarding consistencies in HDL-C measure-
ments in Japan. According to the Japanese National Health and
Nutritional Survey, the average HDL-C levels of males and females
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Fig. 3. E: Bias plots of HDL-C by Osaka UC vs. CDC RMP at each survey run. The y-axis indicates the bias {mg/dl) of Osaka UC compared to the CDC reference value and the x-axis indicates
each survey run (May 1997-January 2014). CDC: The US Centers for Disease Control and Prevention. HDL-C: High-density lipoprotein cholesterol, F; Bias plots of HDL-C by Osaka DCM vs,
CDCRMP at each survey run. The y-axis indicates the bias (mg/d1) of Osaka DCM compared to the CDC reference value and the x-axis indicates each survey run (April 1994-January 2014).
CDC: The US Centers for Disease Control and Prevention. HDL-C: High-density lipoprotein cholesterol.

reached 55 and 65 mg/dl in 2012, which were markedly higher than
those in Western countries [27). We tentatively concluded that this
could not be attributed to a drift in the standardization of HDL-C mea-
surements in Japan because the increase was continuous over several
time points when new assay reagents and systems were introduced. Fur-
thermore, similar findings were reported for plasma apoA-1 concentra-
tions that were independently measured [26]. However, the underlying
reasons for this phenomenon and its outcome on public health in Japan
remain unknown. This is a unique and perhaps important finding
for world public health; therefore, it should be extensively investigated
in association with recent trends and changes in various aspects of
Japanese lifestyles and medical/public health environments. It is also
extremely important to monitor Japanese HDL-C levels carefully for
years hereafter. Therefore, methods to measure HDL-C parameters
must be established based on reliable standardization and stabilization
for international consistency through CRMLN activities [16],

Since 1996, 7 Japanese reagent manufacturers have developed new
homogeneous methods for HDL-C to replace the old precipitation-
based methods {20]. These methods present new calibration challenges

Table 3
Performance criteria applied to clinical laboratory and manufacturer for HDL-C.
Parameter Criterion
R? >0975
Bias at 40 mg/dl <5%
Bias at 60 mg/di <5%
Average % bias <5%
Average absolute % bias <5%
Among-run CV <4%

t-test of bias
Within-method outliers
Between-method outliers

Not significant at & = 5%
1 allowed
None allowed, but may eliminate one sample
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because they use different principles that include detergents or surfac-
tants to quantify HDL-C level. Homogeneous methods that do not
require a sample pretreatment step are being introduced all over
Japan and are used in many clinical laboratories. Based on the HDL
Cholesterol Certification Protocol for Manufacturers (November 2002)
by CRMLN, we conducted protocols 10 times every 2 years since 1996
using standardized DCM as a reference to Japanese manufacturers,
and all manufacturers successfully met the performance criteria
(Table 3). However, further accuracy improvements in homogeneous
HDL-C methods will be required in several diseased samples derived
from patients with dyslipidemia [28], which may require an increased
use of the UC-RMP instead of the DCM. Unsolved issues associated
with homogeneous methods remain and have yet to be examined in
detail.

In conclusion, the UC method and the DCM for HDL-C at Osaka were
found to be highly accurate, precise, and stable for many years, and as-
sist reagent manufacturers in calibrating their products so that clinical
and epidemiological laboratories can accurately measure HDL-C for
patients and in research, calculate non-HDL-C, and estimate LDL-C
with the Friedewald equation. DCM is a simpler equivalent reference
method that has been consistent with CDC RMP for 20 years. However,
the traceability of HDL-C should be accomplished by performing a
method comparison with a fresh split sample because matrix interac-
tions can severely affect HDL-C measurements.

Acknowledgments

This work was supported by a Health and Labour Sciences Research
Grant, Japan (Comprehensive Research on Lyfestyle-Related Diseases
Including Cardiovascular Diseases and Daibetes Mellitus) from the
Minustry of Health, Labour, and Welfare of Japan. The authors would
like to thank Dr. Katsuyuki Nakajima and Dr. fkunosuke Sakurabayashi
for their valuable comments and discussion, and Ms. Yukari Ichikawa
for her excellent help in providing the references and manuscript.

References

{1) Gordon D}, Probstfield jL, Garrison R}, et al. High-density lipoprotein cholesterol and
cardiovascular disease. Four prospective American studies. Circulation 1989;79:
8-15.

{2} Kitamura A, Iso H, Naito Y, et al. High-density lipoprotein cholesterol and premature
coronary heart disease in urban Japanese men. Circulation 1994;89:2533-9.

[3] Okarnura T, Hayakawa T, Kadowaki T, et al. The inverse relationship between serum
high-density lipoprotein cholesterol level and ail-cause mortality in a 9.6-year
follow-up study in the Japanese general population. Atherosclerosis 2006;184:
143-50.

[4] Warnick GR, Wood PD for the National Choles{erol Education Program Waorking
Group on Lipop National ¢ | education program rec-
ommendations for measurement of high-density lipoprotein cholesterol: executive
summary. Clin Chem 1995;41:1427-33.

[5] Stone NJ, Robinson J, Lichtenstein AH, et al. 2013 ACC/AHA guideline on the treat-
ment of blood cholesterol to reduce atherosclerotic cardiovascular risk in aduits: a
report of the American College of Cardiology/American Heart Association Task
Force on practice guidelines. § Am Coli Cardiol 2013:62: 1—84

[6] Perk J, Backer GD, Gohlke H, et al. Europ i ular disease

prevention in clinical practice (version 2012). Eur Heart] 2012 33:1635-701.

{7] Japan Atherasclerosis Saciety. Japan Atherosclerosis Saciety (JAS) guidelines for
prevention of athemsderouc cardiovascular dxseases 2012

[8] Okamura T, Kokubo M, et al. Low-di in chol | and
non-high-density hpopmtem cholesterol and the madence of cardlovascular disease
in an urban japanese cohort study: the Suita study. Atherosclerosis 2009:203:
587-92.

{9) Kitamura A, Noda H, Nakamura M, et al. Association between non-high-density
lipoprotein chotesterol levels and the incidence of coronary heart disease among
Japanese: the Circulatory Risk in Communities Study (CIRCS). } Atheroscler Thromb
2011;18:454-63.

[10] Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative ultracentri-
fuge. Clin Chem 1972;18:499-502.

{11] High-Density Lipoprotein Cholesterol Reference Method. Clinical Chemistry Stan-
dardization Activity, Division of Environmental Health Laboratory Sciences National
Center for Environmental Health and Injury Control, Centers for Disease Control, At-
{anta, Geargia July 1991:30333 revised July 1891,

[12] Hainline jr A, Karon ], Lippel K, editors. Manual of laboratory operations: lipid and
lipoprotein analysis. , HEW Pub. No. (NIH) 75-628 (rev.), US Government Printing
Office Publication No. 1982-361-132:678, 2nd ed.Bethesda, MD: National Heart,
Lung and Blood Institute, Lipid Research Clinics Program; 1982.

{13] Abell LL, Levy BB, Brodie BB, et al. A simplified method for the estimation of total

in serum and of its specificity. ] Biol Chem 1952;195:

357-66.

[14] Warnick GR, Albers Jj. A comprehensive evaluation of the heparin-manganese
precipitation procedure for estimating high density lipoprotein cholesterol,  Lipid
Res 1978;19:65-76.

{15] High density lipop chol 1 desi d method using a modi-
fied dextran sulfate—magnesnum chiloride reagenL as performed by the Cholesterol
Reference Method Laboratory Network, CDC; 1994,

[16] Kimberly MM, Leary ET, Cole TG, et al. Selection, validation, standardization, and
performance of a designated comparison method for HDL-cholesterol for use in
the Cholesterol Reference Method Laboratory Network. Clin Chem 1999:45:
1803-12.

{17] Cobbaert C, Zwang L, Ceriotti F, et al. Reference standardization and triglyceride
interference of a new homogeneous HDL-cholesterol assay compared with a former
chemical precipitation assay. Clin Chem 1998:44:779-89.

[18) Burstein M, Scholnick HR. Lipoprotein-polyanion-metal interactions. Adv Lipid Res
1973;11:67-108.

{19] Burstein M, Legmann P. Lipoprotein precipitation. Monogr Atheroscler 1982;11:
1-131.

{20) Warnick GR, Nauck M, Rifai N. Evolution of methods for measurement of
HDL-cholesterol: from ultracentrifugation to homogeneous assays. Clin Chem
2001;47:1579-96.

{21] Method comparison and bias estimation using patient samples; approved guideline.
NCCLS EP9-A, Vol. 15 No. 17; December 1995.

[22) Warnick GR, Kimberly MM, Waymack PP, et al. Standardization of measurements for
cholesterol, triglycerides, and major lipoproteins. Labmedicine 2008;39:481-90.

(23} Miller WG, Myers GL, Sakurabayashi |, et al. Seven direct methods for measuring
HDL and LDL cholesterol compared with ifugation reference
procedures, Clin Chem 2010;56:977-86.

{24] Miida T, Nishimura K, Okamura T, et al. Validation of homogeneous assays for HDL-
cholesterol using fresh samples from healthy and diseased subjects. Atherosclerosis
2014;233:253-9.

[25] van Deventer HE, Miller WG, Myers GL, et al. Non-HDL cholesterol shows improved
accuracy for i ular risk score C ification compared to direct or calculated
iDL in a dyslipi Clin Chem 2011:57:430-501.

[26] Yokoyama S, Ueshima H, Miida T, el al. High-density lipoprotein levels have markedly
increased over the past twenty years in Japan. ] Atheroscler Thromb 2014;21:151-60.

{27} Carroll MD, Kit BK, Lacher DA, et al. Trends in lipids and lipoproteins in US aduits,
1988-2010. JAMA 2012;308:1545-54.

[28) Nakamura M, Koyama |, Iso H, et al. Measurement performance of reagent manufac-
turers by Centers for Disease Control and Prevention/Cholesterol Reference Method
Laboratory Network lipid st. i specified for N
Focused Health Checkups Program in Japan. ] Atheroscler Thromb 2009;16:756-63.




Ry RiEs 50k 1w

201545 2 Ji

HMHEBIC BT BEREGOERBES TR RS0EEDOIR Y K

ITBBEY BLEFY NE K

it

.kl
PG T KB AR A RE264E 7 B B
ENIHEE0M] H MBI TR - FAE B
FIFSE R AT B T, A5 10M H A OB R
MATIFH & U B & & o 2T OMESR S
T g S 2o L TR oA & i
HAEROFEBZ OWTH A L,

. KEERARHOER

AR R RS oMo L. Rl
4Ln+ﬁ%ux-%wﬁé&aﬁmw&VWWA

LU 7T A ZOBRANIOBHERAN S Y
THAIS2MEIT3A492605 8 F Ay U7, k264
BHECIE, ATI269,759A., WlL%25.7% Tdh .
FULAIEW SRR B RIS, WA
LTwad, fh@fap oL [doodlhos
L1 ThHh, BELEATHY. FEIHMERDOM, B
WedE ) OIS S 5.

. FHEHEOELCEY
AJBH OPFRESE-F R G, WRS7E IS
F o, K, REFIZEROE UL LD, &5
VR IMEIR A58 U O do, JRIRERSRHUT BRI ik
T B E o piTiE, BRERERBROFFICHA TR
7l TAY, B X B AR R B A FAL T
W KB SEE AR v v — RIS - (B

7

ORI T RO R R I et
(F581-0833 AR # £5-85~16)
RHU 2015 2H 6 H - EME 2005422 LT

43

Eﬁ??*" ?a.% ﬁ?*‘ FI’E]EE]WEE*‘

KA ARSI TP & > 7 —, LLL"MU\WH: >
¥ =) O/RITER AL L Tho .
BT & AR v & S OWE ORI, HiN C}Tm
ARG A S F A MK B EE L, 'fui*?‘i
PR b L & B AU T BT E R R C B
CEBTH I & 2P Lz, o, kO mﬂr’ébc
BOFEBE BT S & & BIo, WEORRE B
B EF VIR ER ST i L Ui
MO OEER COMAIZE - PolaE) ORI O M
FEBEICENTE L L

P38 ICIE, N T 7 VR & UCile
Ly SRS 2 E M ol - 350 & 1
T AR ERRA TR L coliie s
Zo BRI IR RIS TS 1 SRS S 0
bit L 7ze IBAMOAMC LI SR £ 5 1 E 7Ll

WA, 40~698k LI & DI SUC ISR s & 52
IifﬁL 1,235 A (x.ué‘?“% 5%) WEF L7, M
OBATE N, W - BOR - R - g - LK
A - NIRRT - MW - BEEITEER (RRy
OB b, BEROBREHOBRGHREERIRY A
NINETH » 70 1’&;’)@&& R SR
ﬁ%?iii"ﬂﬁ*fiar &, BB BRI L
LRk bfﬂ'?‘Z) & AL LR R AR e 2 1
CHBRR LT o7,

T4 2 & FEAEHT 72 L8 TS DA 3 il
TR, MR i L. SRRl L
TN TIREERIT o2, L L, Ko
(EEF VLR X W L C20~40% LI atlie—
B DOIZ GEEEST 25 LOPEITE - 72,

20154 2 A

V. BRARFHARORR

LA A EROEFEHE #2505
fhL7n v, FFBAMERICH 5 — ik
PV R E LTS - BHEIRHET 2 L v dHO
DT, AEROMB L HIHBHE B Yoo
Bl FOLDUEROMMERE R E T A
BRSO B D oW TIIRE P o o,
TRAIB04E, BIBBIKIZ oW Tk, Mg oL &
CALIOBEIATL {20 RECHE 2 -
WHOEHAEME %2 o T F VR ERT L
72

BRS04, L AR IR ST [/URTHISRE:
£ ] A S, BV DA
R LTh, HEOBRBTHOOMMEFML
EYETDHANAFRIHRTFHEOERE LTHED.
FOSMICHT A - HHETIIEE L &
Bawgs LRAN Y v 7 — 0% B HHIR
B, P20 3 M F CHERLL 7.

TAFIBLAE, HE AR T, MR 2B
. EFABIKTHLH Sz BV R
A v &=, LK CO AT Sk
BAEOEL, SRS A ERMOKRMAREL D
O, FROMH S ESHOTICH L OB RSP
B AR 72,

WEAIS24E, EFNMEITB VT, H o 0T A
REOHBERDEARE 2D, AS b CHET

HAEFRRE H50% M1

N T;UJ SR O ‘Fk s B LR i\ ILfRMV) El
ABHRERAEZTH » 0 AW T4
/\Li Ak Y OREESED H T % < B

;L\:

HFI554
INGIRIINE 3 2 :
L7z, 81 Ho#fs e, e fkong v AR
W DWT, E TR R O B AR 21T
DWT 4y BRIED £ HIoRSERBL 2. )
FUSTAEIZ AR 10554 % b - THRAEH OB &3¢
s FORERICHHEBEE AR TS0
TG U B, TR OB 4.

BERIS2HE I L IR A &0 #l - Tw 5,

IO X I LIRS R B
&F B AT SIS S s,

EOYIE LR

WARIBTHE O AMRUEER O SPRE 6 4R b
ko fE s 5 . RS - el i S
SRR e o foo B IC. SRR A IR 4
LA HE IR S (HARIBAAE (B AR S e
A BV THEE ER, R R O
&, BT MRV THEBIL TV 2 058
sk, B AR B D MRS L L
THESET A2 & b o loe MRS BV TIML
T2 BBIooW T, HREEE > & — 2R A2

FE B

—

B3 L
: P
1
H

SIBORE

Rz :mﬁI sx“i
Pt ¥
KR A TETR BRI
Flfite s B — =
<P SEEEHE > % g
/X0
XMLD 71l 553K

TEmEEL)
i S e 13

B (g, 7oyt BB%)

]

] NERSTHEOEREZORN

49



AAEFRIRE 55508 H1%

& — MRS R TEIET B & L bio, A
i WMI&T&‘M@W FMATHL Lo,

B O ICTE04E 12 1358 MRS A IE O RS )
FEARIZ BT B BAIC AR 8 v, S g
R LCERT AL Lotz BFVMEICE
T, L Y AR R & e b
HEGEL T b,

EF VAR 34T % B T ke ORI
&6 FIB0RE DAL O MR Al oA BTSRRI
LTwas Ik, BRSHIE S L TR o bl
OFATLWIL, ZBRILE o T b T & 4R
THbe M1 LRBORNOWRERT,

T B B AT Bl xS SR R R B % o
O L FPERESI RSl CB D, FOilEEiz A
TRBER T2 > 5 — 2 ABHEMS. oK
BAFIR L Twd, B Y M2 oMY T
Hbo

%%@E%iﬁz%ﬁw\fﬁﬂﬁ (uaos:? BEM A
AR A, TSRS
ii@.v)'t'v,z;v PR m*.sw,%mm

- GHERE 1 BTRE RED - SRR G0
- EREEE s ew - BCR 118
COBREE  6n - OBRVMENEE sun
- RWBOKE 88 - R Y S - D R
< BTSN CWISENE) o Bl 2]
< PRHREE 128 - LEEMROMEE
:—*&»&*« O

g mv SR SRR

@mamﬁmmm@xzﬁmx@

H2? FSREETORREDCUERCOVNT

"
n

i
©

&
i

©
=

20154 2 H

VI EFIVHIRICEI BIERBEEFIED
whaR

3 LBk s LC

X CixLn#

<0){fi:E\:7)=f’éE;?§”%'L£w . ‘A!Yv‘»f!*}’%! B L7z
(3.

$7, WEOBRETH
(S ANC YR TP AY N3
BB o0 }EH’::J/ T B L

B — & DL
A, RS LI & o M C SRR % ik

T H I E TR AT o T2,

SRR, WAITRT Ltk Ta S
LK c‘bi{LfﬁL WHERE.5% B o T AR
MR BHC A S & SR & B IR o2 3405
FT10%. anEZPc TY.6% EAFIILER TR E
W AR L7,

F ML S R B O
NERTHRB T .%éi%i‘r‘itff mmw T
Ly W FNOERE G T FROBE TH » 72,
BEHE o WTiE, BB L AD Y o AT
BRBEWLZE T A, BTIRT LI
BTCAD &, BERESERTHGEIBR TR
sk b, BEREE 1 Ad 02,2861, A
WMTHolz. WEEHR LMK L oEE, 405
& BOBCOMEMIRFTE DR E (, HW#
M CA BT AEMOBRSREES Y EMChz
e L AWK o "‘asmxmxw »
FAMEAH S o Fs

come G RA e oGHBEE v BiH

1984~

TG F27% HO-87 BE-U5 HU-200S L0011 7”*‘- FaFH BO-BY BE-UG HE-OVR 200411

B3 WEPOBRRELOER (EEREK)

20159 2

) ;
PN OMBR ritiE

50

40747 40497 so.593F  60-60TF 70»74
(&

4 WEESRLROLE BiG (H2EE)

b SEER o
50

ao-74%F 4049 50-59F  60-69F 7074
(&)
BEE 589 180meHgEAE andfor D8P S0mmHgBl b andfor SSEETRSRRLR

B35 BEZOWEOLE BUEr (H2~24FE)

UEEE nihE

407243 4p-a9F so- 59:';' 60-69%F  70-74F
(&)

FERA: HALe 613 HLE andfor RN

X6 HERBEOUBOLLE BLE (H2~24FE)

(F/5) . .
50000 CEMERE @ fhE
45000 LA 22860 8 r
40000 % MHRL HCEME ABRPEL, [’
35000 IS EE WL TS L .
[ ammsmmmws@ﬁ& |
30000 |- N
25000 L ¥
20000 !
15000 | o t !
10000 | r“g P
5000 | ;
ol [ 7 A d \i
4074y 4048F  S059F  60-69%  7074F

(&15)

7 IREE 1 ABY EREOLE Bist (H23E

1A, 2A. ¢ BEESOTSE

e, VHZBER

BRI BEN T B i

Bz, ERE2ALE L F A X PSR D ?1&1
e fleEEo < b ik
B EART ARkt Tr /LN

HHRPRELE #8508 1%

SHROE YD

FIROWLY #Hl 4 %&ﬁ&)tq M
X0 B L DA TR

RFEREWE - T, BBEoML - PO
et - H_J&ﬂ RO@REERoOm LD ¥ L“C\«\Fé .

ST C O R &

L SRR S T IR LI AT, ';LL.

2 H fﬁ%kﬁml’:’?ibﬁg L. shikfE Rodgeo < 0 igE)
OEHH BB Y HATY S, WIkTo iR

(ﬂ.bﬂﬁf&dﬂ“l 1R L HLISAA R B ARAREY L
EEHITT LI L0, FMOERERE AR L.
*'i‘l"}f%i"%f’ S IED 2V,

FAR U2 PR o RIS, HHEERE LTS

5} zf TOS2EH. HL OF DT - TREDOH

AEINL > THLNBDTC, Bb il L
728 o P KSR /N EH e )\Uswb*
ATEBHRIRT B o & — okl ;

KEEBE A R 3

Hededi, JbA H}Jjﬂj‘clj”

 OBERR, BREM, St {f?ruiﬁé%% L'cﬁaﬁé

DB BHLEH

LEWFES,

X B

1) WA, MURERRE. WIS B a2 kB ok

R L Y»lb;ﬁﬁ‘miﬁ}& R - H»z B B0
PEC 8-
55-74.
AT I A At S
KT UL T HOEES

W23 4E BO—A R R AEATAE P O %:lu-:}’%x—

43, hitp//www.prefosakalgip/kokuho/kaikaku/

koudouhenyouwhtml, 2012,

51



erosis.

Fasting and non-fasting triglycerides and risk of ischemic
cardiovascular disease in Japanese men and women: The Circulatory

Risk in Communities Study (CIRCS)

@ CrossMark

Hiroyasu Iso # *, Hironori Imano *°, Kazumasa Yamagishi ¢, Tetsuya Ohira * 7,
Renzhe Cui %, Hiroyuki Noda %, Shinichi Sato %, Masahiko Kiyama °, Takeo Okada *,
Shinichi Hitsumoto €, Takeshi Tanigawa ‘, Akihiko Kitamura ®, for the CIRCS Investigators

 Public Health, Department of Social Medicine, Osaka University Graduate School of Medicine, 2-2 Yamadaoka, Suita, 565-0871, japan

® Osaka Center for Cancer and Cardiovascular Disease Prevention, 1-3-2 Nakamichi, Higashinari-ku, Osaka, 537-0025, Japan

€ Department of Public Health Medicine, Faculty of Medicine, University of Tsukuba, 1-1-1 Tennodai, Tsukuba, 305-8575, japan

d Chiba Prefectural Institute of Public Health, Nitona Government Office Building, 666-2 Nitonacho, Chuo-ku, Chiba, 260-8715, japan

¢ Total Medical Support Center, Ehime University Hospital, 454 Shitsukawa, Toon, 791-0295, japan

! Department of Environmental Health and Sccial Medicine, Ehime University Graduate School of Medicine, 454 Shitsukawa, Toon, 791-0295, japan

ARTICLE INFO ABSTRACT

Article history:

Received 27 March 2014

Received in revised form

29 July 2014

Accepted 8 August 2014

Available online 6 September 2014

Background: Non-fasting triglycerides were reported to have a greater impact on risk of ischemic car-
diovascular events than fasting triglycerides. However, evidence from Asia, where the prevalence of
dyslipidemia is generally lower, has been limited.

Methods: We used 1975—1986 baseline surveys to investigate cohort data of 10,659 (4264 men and 6395
women) residents aged 4069 years, initially free from ischemic heart disease and stroke, in four Jap-

anese communities. Serum triglyceride concentrations at baseline were obtained for 2424 fasting (>8 h
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after meal) and 8235 non-fasting (<8 h after meal) participants.

Results: During the 22-year follow-up, 284 (165 men and 119 women) developed ischemic heart disease
and 666 (349 men and 317 women) ischemic stroke. After adjustment for age, sex and known cardio-
vascular risk factors, multivariable hazard ratios (95%Cl) of ischemic cardiovascular disease (ischemic
heart disease and ischemic stroke) for the highest versus lowest quartiles of triglycerides were 1.71 (114
~2.59), P for trend = 0.013, for fasting participants and 1.60 (1.25-2.05), P for trend <0.001, for non-
fasting participants. The positive associations did not differ between fasting and non-fasting men,

while they were strong for non-fasting women. They were stronger for ischemic heart disease than for
ischemic stroke. After further adjustment for HDL-cholesterol, these associations were slightly attenu-
ated, but remained statistically significant.

Conclusion: Non-fasting as well as fasting triglycerides are predictive of risk of ischemic cardiovascular
disease for Japanese men, as are non-fasting triglycerides for women.

© 2014 Published by Elsevier Ireland Ltd.

1. Introduction

Although the impact of total and LDL-cholesterols on ischemic
cardiovascular disease has been well established {1}, the impact of
triglycerides has remained controversial. Large meta-analyses,
primarily performed in western countries <}, but not all {3},
have identified moderate and statistically significant associations
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between triglycerides and risk of ischemic heart disease, stroke, or
cardiovascular events, even after adjustment for cardiovascular risk
factors including body mass index, diabetes mellitus and HDL-
cholesterol. The evidence for Asian populations is limited, but a
previous study of ours {6.7} and a meta-analysis by Asia Pacific
Cohort Studies Collaboration {8} detected an independent rela-
tionship between triglycerides and risk of coronary heart disease.
Furthermore, emerging evidence from western countries supports
the notion that non-fasting triglycerides, a postprandial state of
lipid profile, is an even better predictor of ischemic cardiovascular
disease {9121,
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High levels of non-fasting triglycerides reflect increased resi-
dues from chylomicrons and very low density lipoproteins. These
cholesterol-containing and triglyceride-rich lipoprotein residues
penetrate the arterial intima and are trapped within the arterial

mains to be determined, however, whether populations such as
Japanese, with lower levels of total- or LDL-cholesterol and tri-
glycerides, run a similar potential risk of high postprandial tri-
glyceride levels.

Associations between non-fasting and fasting triglycerides and
risk of incident cardiovascular disease in Asian countries have not
been investigated systematically in any cohort studies. We hy-
pothesized that non-fasting triglycerides constitute a better pre-
dictor for ischemic cardiovascular disease than fasting triglycerides
in Asian populations whose prevalence of dyslipidemia is lower
than that in western populations. To test our hypothesis, we
examined the data of the Circulatory Risk in Communities Study
(CIRCS), community-based prospective study of approximately
10,000 middle-aged Japanese men and women.

2. Methods
2.1. Study population

The surveyed population comprised 11,370 residents aged
40—69 years in four communities: Ikawa town (a rural community
in Akita Prefecture in northwestern Japan), the Minami-Takayasu
district in Yao City (a southwestern suburb in Osaka Prefecture),
Noichi town, (a rural community in Kochi Prefecture in south-
western Japan) and Kyowa town (a rural community in Ibaraki
Prefecture in central Japan) {16,175 The baseline surveys were
conducted in 1975-1980, 1975—1984, 1975-1980, and 1981—-1986,
respectively. The total census populations aged 40—69 years old in
the four communities were, respectively, 2291 in 1975, 5538 in
1980, 3599 in 1975, and 5408 in 1980. The study participation rate
was 65%. After the exclusion of participants with a history of cor-
onary heart disease andfor stroke at baseline, the data for the
remaining 10,659 subjects were analyzed. This study was approved
by the ethics committees of the Osaka Medical Center for Health
Science and Promotion and of Osaka University.

2.2. Follow-up and ascertainment of cases

Follow-up lasted until the end of 2005 for Kyowa and Noichi,
20009 for Ikawa and 2008 for Minami-Takayasu, and was terminated
at the first incident of ischemic heart disease and stroke, exit from
the community or death. Persons who moved out of the commu-
nities during the follow-up numbered 822 (8%), and 3597 (34%)
persons died. These were censored at the date of moving out or the
date of death. The median follow-up was 22.3 years for coronary
heart disease and 22.2 years for ischemic stroke.

The details of endpoint determination have been described in
previous CIRCS reports {16.17]. For all the residents, cardiovascular
disease end points were ascertained from death certificates, na-
tional insurance claims, reports by local physicians, reports by
public health nurses and health volunteers, and annual cardiovas-
cular risk surveys. To confirm the diagnosis, all living patients were
telephoned, visited or invited to take part in risk factor surveys, or a
medical history was obtained from their families. In addition,
medical records in the local clinics and hospitals were reviewed. In
case of death with certain underlying causes of death (ICD 9 clas-
sification codes: 410—414, 428 and 429), histories were obtained
from families andjor attending physicians and medical records
were reviewed.

The criteria for ischemic heart disease, i.e. definite and probable
myocardial infarctions, angina pectoris and sudden cardiac death
within 1 h of onset were modified from those of the World Health
Organization Expert Committee {1}, as previously reported by us
{isL

The criterion for incident stroke was a focal neurological dis-
order with rapid onset and persisting for at least 24 h or until
death {17}. The determination of stroke subtypes was performed
primarily by using CT/MRI findings, which were available for 81%
of the stroke cases. Strokes that were diagnosed clinically but
showed no lesion on CT/MRI films were classified based on the
clinical criteria. Ischemic stroke was used as an outcome in this
study. The final diagnosis for ischemic heart disease and ischemic
stroke were made by a panel of 3—4 physicians participating in
this study who were blinded to the data from the risk factor
survey.

2.3. Baseline examination

Blood was drawn into a plain, siliconized glass tube and the
serum was separated immediately after centrifugation. Fasting was
not required. The time intervals since the last meal were: 0 — <1 h
(3.0%),1 — <2 h (20.7%),2 — <3 h (43.7%), 3 — <8 h (9.9%),and >8 h
(22.7%). Fasting was defined as >8 h after the last meal.

Serum triglycerides were measured with the fluorometric
method using Autoanalyzer Il (Technicon, Tarrytown, NY, US.A.)
and serum total cholesterol was measured with the direct
Lieberman—Burchard method using Autoanalyzer Il for the period
1975—1979 and Autoanalyzer SMA-12/60 from 1979 to 1986 at the
Osaka Medical Center for Cancer and Cardiovascular Diseases {&.16].
For 55% of the total sample (5880 subjects), HDL-cholesterol after
heparin-manganese precipitation was measured at the same lab-
oratory with the direct Liebermann—Burchard method. The Osaka
Medical Center laboratory has been standardized by the Lipid
Standardization Program, conducted by the Centers for Disease
Control (Atlanta, GA), and successfully met the criteria for both
reproducibility and accuracy of triglycerides and cholesterol mea-
surements {i8%L

Serum total cholesterol was measured with the enzymatic
method using Olympus AU 2700 at the lipid reference laboratory of
the Osaka Medical Center for Health Science and Promotion, which
is an international member of the US National Cholesterol Refer-
ence Method Laboratory Network. This laboratory has been certi-
fied since 1975 by the CDC-NHLBI Lipid Standardization Program
conducted by the Centers for Disease Control and Prevention {18}
and successfully met the performance criteria for both reproduc-
ibility and accuracy of serum triglycerides, total cholesterol and
HDL-cholesterol measurements |18},

Blood pressures were measured by trained physicians using
standard mercury sphygmomanometers and unified epidemiolog-
ical methods . Hypertension was defined as systolic blood
pressure >160 mmHg and/or diastolic blood pressure >100 mmHg
and/or use of antihypertensive medication, while normotension
was defined as systolic blood pressure <140 mmHg, diastolic blood
pressure <90 mmHg and no antihypertensive medication use. All
others were classified as borderline hypertension. Height was
measured with the subjects in stocking feet and their weight while
wearing light clothing. Body mass index (BMI) was calculated as
weight (kg) divided by the square of height (m?).

An interview was conducted to ascertain the number of ciga-
rettes smoked per day, usual weekly intake of ethanol measured in
units of go (a Japanese traditional unit of volume corresponding to
23 g ethanol), and menopausal status for women.

Serum glucose values were classified into three categories
(diabetic, prediabetic and normal types). Diabetic type was defined
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Table 1
Baseline ch istics of subjects to quartiles of serum triglycerides.
Fasting (>8 h) P for Non-fasting (<8 h) P for

Triglycerides quartiles 1 (low) 2 3 4 (high) difference 1 (low) 2 3 4 (high) difference
Range of triglycerides, mmol/L 0.33-094 095-129 130-1.88 1.89-1429 0.26-0.95 0.96-1.30 131-1.86 1.87-23.71
Range of triglycerides, mg/dL 29-83 84-114 115-166  167-1266 2384 85-115 116—165  166—2100
Median triglycerides, mmotl/L 0.77 112 152 247 0.77 112 154 247
Median triglycerides, mg/dL 68 99 135 219 68 9 136 219
Men
No. at risk 247 228 225 259 807 773 797 928
Age, year 55.8(0.6) 55.9(0.6) 544(06) 525(06) <0.001 54.1(03) 53.6(03) 526(0.3) 508(0.3) <0.001
Body mass index, kg/m? 215(02) 227(02) 234(02) 248(02) <0.001 21.7(01) 224(0.1) 229(0.1) 240(0.1) <0001
Systolic blood pressure, mmHg 142 (1) 144 (1) 142 (1) 147 (1) 0.005 134(1) 136 (1) 137(1) 141(1) <0.001
Diastolic blood pressure, mmHg 82(1) 85(1) 85(1) 88 (1) <0.001 80 (0.4) 81(0.5) 83(04) 85(04) <0.001
Use of antihypertensive medication, % 15 21 22 22 0.147 8 11 12 16 <0.001
Hypertensives, % 55 60 60 74 <0.001 37 43 50 56 <0.001
Serum total cholesterol, mmol/L 426 (0,06) 4.50(0.06) 4.88(0.06) 5.17(0.05) <0.001  4.43(0.03) 456(0.03) 4.78(0.03) 5.12(0.03) <0.001

Serum HDL-cholesterol, mmol/L 1.62(0.04) 1.49(0.04) 145(0.04) 133(0.04) <0001  159(0.02) 1.52(0.02) 1.43(0.02) 130(0.02) <0.001
Diabetes mellitus, % 26 22 30 31 0.141 4 4 6 7 0.010
Current smoking, % 69 0.579 64 65 68 0312
Ethanol intake, g/day 279(17) 256(17) 275(18) 294(16) 0463 294(1.0) 279(1.0) 289(09) 29.7(09) 0.541
Women

No. at risk 358 384 377 346 1255 1291 1280 1104

Age, year 51.1(04) 53.9(04) 56.1(04) 569(05) <0.001 50.0(02) 52.1(0.2) 53.7(02) 548(02) <0.001
Body mass index, kg/m?* 228(0.2) 235(02) 244(02) 254(02) <0001 223(0.1) 231(0.1) 23.7(0.1) 246(01) <0.001
Systolic blood pressure, mmHg 138 (1) 141 (1) 142(1) 145 (1) <0.001 130 (1) 132 (1) 135 (1) 138(1) <0.001
Diastolic blood pressure, mmHg 80(1) 83 (1) 84 (1) 85(1) <0.001 77 (0.3) 78(0.3) 80(0.3) 82(03) <0.001
Use of antihypertensive medication, % 19 26 26 30 0.005 8 10 13 17 <0.001
Hypertensives, % 50 61 60 67 <0.001 32 36 40 49 <0.001
Serum total cholesterol, mmol/L 4.58 (0.05) 4.87(0.04) 520(0.04) 5.53(0.05) <0.001 4.71(0.02) 4.93(0.02) 5.12(0.02) 541(0.02) <0.001
Serum HDL-cholesterol, mmol/L 1.64(0.02) 1.51(0.02) 1.42(0.02) 132(0.03) <0.001 1.61(0.01) 1.52(0.01) 1.45(0.01) 134(0.01) <0.001
Diabetes mellitus, % 17 16 17 20 0.149 2 2 4 6 <0.001
Current smoking, % 7 9 6 11 0.118 5 7 8 8 0.005
Ethanol intake, g/day 1.3(04) 1.8 (0.4) 1.1(04) 1.3(0.4) 0.526 1.4 (02) 1.1(02) 1.2(0.2) 1.3(0.2) 0.865
Postmenopausal, % 63 69 7 72 0.001 56 57 60 62 <0.001

Values were presented as means = standard errors or proportions, adjusted for age and community.

Non-fasting serum glucose values were also adjusted for time since last meal.

as a fasting glucose of 7.0 mmol/L or more, and/or a non-fasting
glucose of 11.1 mmol/L or more, and/or use of medication for dia-
betes. Prediabetic type was defined as a fasting glucose of
6.1-6.9 mmol/L, and/or a non-fasting glucose of 7.8 mmol/L or
more, without medication use for diabetes. All others were classi-
fied as normal type.

2.4. Statistical analyses

Analysis of covariance was used to test for differences in age-
adjusted means and prevalence of baseline characteristics in
terms of serum triglyceride categories, as well as stratification by
fasting status. Person-years were calculated as the sum of indi-
vidual follow-up time until the occurrence of incident ischemic
heart disease, ischemic stroke, death, emigration, or the end of
follow-up. Cox proportional hazards regression models were used
to calculate the sex-specific and sex-adjusted hazard ratios and
95% confidence intervals (Cls) for incident ischemic cardiovascu-
lar disease using the risk for persons with the lowest category of
serum triglycerides as reference. A test for trend of association
between serum triglycerides and ischemic cardiovascular disease
was also conducted using the median values of triglyceride levels
for each category. When the assumption of proportional hazards
was tested, no violation of the proportionality principle was
found.

The hazard ratios were also calculated in relation to fasting
status. The initial model was adjusted only for age and sex, while
the variables for multivariable adjustment comprised age, sex (for
total participants), community, systolic blood pressure, antihyper-
tensive medication use, serum total cholesterol level (mg/dL), sex-
specific quartiles of BMI (kg/m?), smoking status (never, former and

current 124 or >25 cigarettes per day), and alcohol intake (never,
former, and current < 46, 4668 or > 69 g ethanol per day), serum
glucose category (normal, impaired glucose tolerance and dia-
betes), time since last meal (<2, 2, 3—7 and 8 h or more), and for
women menopausal status (pre- and post-menopause). Further
adjustment for HDL-cholesterol (mmol/L) was conducted with a
subsample for whom data on HDL-cholesterol were available. Sex
interaction with the association between serum triglycerides and
risk of ischemic cardiovascular disease was tested using a cross-
product term of sex (0 or 1) and triglyceride levels (continuous)
for the model.

All statistical analyses were performed with the SAS System for
Windows (version 9.2; SAS Inc, Cary, NC). All P-values for statistical
tests were two-tailed, and values of <0.05 were regarded as sta-
tistically significant.

3. Results

T 1 lists sex-specific, age-adjusted mean values and preva-
lence of selected cardiovascular risk factors at baseline in relation to
serum triglyceride quintiles and stratified by fasting status. For both
fasting and non-fasting status, triglyceride levels were positively
associated with body mass index, systolic and diastolic blood
pressure levels, antihypertensive medication, hypertension, serum
total cholesterol levels and serum glucose levels, and inversely
associated with HDL-cholesterol levels for both sexes. Triglycerides
levels were inversely associated with age for men, and positively
with age, current smoking and postmenopausal status for women.
Fasting subjects were 1—2 years younger and had lower means of
body mass index and blood pressure levels, and higher prevalence
of diabetes mellitus than non-fasting participants.
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During the median 22-year follow-up totaling 232,947 person-
years, there were 284 documented cases of incident ischemic
heart diseases (165 men and 119 women) and 666 of incident
ischemic strokes (349 men and 317 women).

‘Table 7 shows age- and community-adjusted and muitivariable
hazard ratios of ischemic cardiovascular disease (ischemic heart
disease and ischemic stroke) by serum triglyceride quartile, per
1 mmol/L (88.6 mg/dL) increment of triglycerides, and for
>2.26 mmol/L (200 mg/dL) and 1.69—2.25 mmol/L (150—199 mg/
dL) of triglycerides compared to <1.69 mmol/L (150 mg/dL) of tri-
glycerides. Serum triglyceride levels were positively associated
with risk of ischemic cardiovascular disease for both men and
women. After adjustment for conventional cardiovascular risk
factors except HDL-cholesterol levels, the association with risk of
ischemic cardiovascular disease weakened but remained statisti-
cally significant for both men and women. The multivariable hazard
ratios (95%Cls) of ischemic cardiovascular disease for the highest
versus lowest quartile of triglycerides were 1.48 (111-1.97); P for
trend = 0.001 for men, 1.73 (1.24—2.40), P for trend < 0.001 for
women and 1.65 (1.33~2.04), P for trend < 0.001 for total subjects.

Table 2

The positive association tended to be more evident for women than
for men, although the sex interaction was not statistically signifi-
cant (P for interaction = 0.535). As shown in Supplemental Table 1
the positive association with triglycerides was stronger for
ischemic heart disease than for ischemic stroke for both men and
women. For example, the multivariable hazard ratios (95%Cls) of
ischemic heart disease for the highest versus lowest triglyceride
quartile were 1.68 (1.02—2.76), P for trend = 0.012 for men, 2.11
(1.12—4.00), P for trend = 0.001 for women, and 1.93 (1.31-2.83), P
for trend < 0.001 for total subjects, while those of ischemic stroke
were 1.37 (0.98—1.92), P for trend = 0.025, and 1.53 (1.05-2.23), P
for trend = 0.037, and 148 (1.15-1.90), P for trend < 0.001,
respectively.

The multivariable hazard ratios associated with 1 mmol/L
increment of triglycerides and for two or three other triglyceride
categories showed similar results. For example, the risk after
multivariable adjustment of ischemic cardiovascular disease was
11% for 1 mmol/L increment of triglycerides, 33% higher for
>1.69 mmol/L, 45% higher for >2.26 mmol/L and 21% higher for
1.69-2.25 mmol/L of triglycerides, compared to <1.69 mmol/L of

Hazard ratios (HR) of ischemic cardiovascular disease (ischemic heart disease and ischemic stroke) according to quartiles of serum triglycerides.

Person years No of events

Age and community-adjusted HR (95%C1) Multivariable HR (95%Cl)

Men
Triglyceride quartiles
Q1 (low) 21,939 108
Q 20,185 95
Q3 20,047 129
Q4 (high) 23,085 157
P for trend
HR per 1 mmol/L increment 85,256 489
Triglycerides
<1.69 mmol/L 57.040 301
>1.69 mmol/L 28,216 188
Triglycerides
<1.69 mmol/L 57,040 301
1.69-2.25 mmol/L 12,181 79
22.26 mmol/L 16,035 109
Women
Triglyceride quartiles
Q1 (low) 38,015 65
Q2 38,280 92
Q3 34915 124
Q4 (high) 30,245 144
P for trend
HR per 1 mmol/L increment 141,454 425
Triglycerides
<1.69 mmol/L 102,716 253
21.69 mmolfL 38,738 172
Triglycerides
<1.69 mmol/L 102,716 253
1.69-2.25 mmol/L 20,629 72
>2.26 mmolfL 18,109 100
Total subjects
Triglyceride quartiles
Q1 (low) 59,954 173
Q2 58,465 187
Q3 54,962 253
Q4 (high) 53,330 301
P for trend
HR per 1 mmol/L increment 226,711 914
Triglycerides
<1.69 mmol/L 159,756 554
21.69 mmol/L 66,955 360
Triglycerides
<1.69 mmol/L. 159,756 554
1.69-2.25 mmol/L 32,811 151
>2.26 mmol/L 34,144 209

1.00 1.00

0.99 (0.75-1.31) 0.94 (0.71-1.24)

148 (1.14-1.93); 1.35(1.03-1.77)"
1.77 (1.37-2.28); 1.48 (1.11-1.97)f
<0.001 0.001

112 (1.06-1.18) 1.06 (0.99-1.13)

1.00 1.00
1.52 (1.26—1.83)} 1.32 (1.07-1.62)t

1.00 1.00
1.40 (1.09-1.80)t 1.30 (1.00-1.69)°
1.61 (1.20-2.02)¢ 133 (1.04-1.71)°

1.00 1.00
1.21(0.88~1.67) 1.17 (0.85~1.62)
1.62 (1.19-2.20)f 1.46 (1.06-2.00)
2.04 (1.51=-2.77) 1.73 (1.24-2.40)1
<0.001 <0.001

1.28 (1.19~1.38)f 124 (1.13-1.36)f

1.00 1.00
147 (1.20-1.79)}% 1.27 (1.03-1.57)"

1.00 1.00
1.19 (0.91-1.55) 1.09 (0.83~1.42)
1.78 (141-2.27)} 1.49 (1.15-1.93)¢

1.00 1.00

1.09 (0.88-1.34) 1.05 (0.85-1.29)
1.56 (1.28-1.91) 143 (1.17-1.76)f
1.94 (1.60-2.36)t 1.65 (1.33-2.04)¢
<0.001 <0.001

117 (1.12-1.21) 1.11(1.06-1.17)¢

1.00 1.00
1.54 (1.34-1.76)t 1.33(1.15-1.54)}

1.00 1.00
1.32 (1,10-1.59)t 1.21 (1.01-1.46)y
1.75 (1.49-2.06)} 145 (1.21-1.73}4

Test for significance: *P < 0.05, {P < 0.01, 1P < 0.001.

Q1; 0.26—0.95 mmol/L (23—84 mg/dL), Q2; 0.96~1.30 mmol/L (85115 mgfdL), Q3; 1.31—1.86 mmol/L (116~165 mg/dL), Q4; 1.87~23.71 mmol/L (166—2100 mg/dL).
Multivariable hazard ratio adjusted for age, sex, community, quartiles of body mass index, systolic blood pressure, use of antihypertensive medication, serum total cholesterol,
cigarette smoking status, alcohol intake category, serum glucose category, time since last meal and for women, menopausal status.



Table 3

Multivariable hazard ratios (HR) of ischemic cardiovascular disease (ischemic heart disease and ischemic stroke) according to quartiles of serum triglycerides, stratified by

fasting status.
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Person years

No of events

Age and community-adjusted HR (95%Cl)

Multivariable HR (95%C1)

Men
Fasting triglycerides
Quartiles

Q1 (low)

Q2

Q3

Q4 (high)

P for trend
HR per 1 mmol/L increment
Triglycerides

< 1.69 mmol/L

2 1.69 mmol/L
Triglycerides

< 1.69 mmol/L

1.69-2.25 mmol/L

> 2.26 mmol/L
Non-fasting triglycerides
Quartiles

Q1 (low)

Q2

Q3

Q4 (high)

P for trend
HR per 1 mmol/L increment
Triglycerides < 1.69 mmol/L
>1.69 mmol/L
Triglycerides < 1.69 mmol/L
1.69~2.25 mmolfL
>2.26 mmol/L
Women
Fasting triglycerides
Quartiles

Q1 (low)

Q2

Q3

Q4 (high)

P for trend
HR per 1 mmol/L increment
Triglycerides

< 1.69 mmol/L

> 1.69 mmol/L
Triglycerides

< 1.69 mmol/L

1.69~2.25 mmoljL

> 2.26 mmol/L
Non-fasting triglycerides
Quartiles

Qt (low)

Q2

Q3

Q4 (high)

P for trend
HR per 1 mmol/L increment
Triglycerides

< 1.69 mmol/L

> 1.69 mmol/L
Triglycerides

< 1.69 mmol/L

1.69-2.25 mmol/L

> 2.26 mmol/L
Total subjects
Fasting triglycerides
Quartiles

Q1 (low)

Q2

Q3

Q4 (high)

P for trend
HR per 1 mmol/l. increment
Triglycerides

< 1.69 mmol/L

> 1.69 mmol/L

5017
4445
4390
4929

18,781

12,881
5900

12.881
2451
3449

16,793
15,764
15,815
18,104

66,476
44,159
22317
44,159

9731
12,586

8461
8581
7678
6930

31,650

22,924
8726

22924
4277
4449

29349
29,652
27,576
23228

109,805

79,792
30,013

79,792
16,353
13,660

13477
13,026
12,069
11,858

50,430

35,805
14,625

30
35
34
46

145

92
53

92
23
30

78
59
97
110

344
209
135
209

79

15
24

36

120

75
45

75
23
22

50

80
107

305

178
127

178
49
78

45
59
79
82

265

167
98

1.00

1.36 (0.83~2.23)
1.47 (0.89-2.43)
1.84 (1.15-2.96)"
0.015

1.08 (0.96~1.23)

1.00
1.39 (0.98—-1.96)

1.00
1.41(0.89~2.24)
1.37 (0.90~2.08)

1.00

0.83 (0.59—1.16)
1.50 (1.10-2.04)"
173 (1.28-2.35);
<0.001

1.13 (1.06-1.19)f
1.00

1.59 (1.27-1.99);
1.00

142 (1.05-1.91)"
1.75 (1.34~2.28)f

1.00

1.14 (0.59-2.17)
1.98 (1.09~-3.58)"
1.59 (0.86—-2.96)
0.132
1.10(0.93-1.31)

1.00
112 (0.77-1.63)

1.00
1.19(0.74-1.91)
1.05 (0.64-1.71)

1.00

1.23 (0.85-1.78)
1.46 (1.02—2.09)"
2.23(1.57-317)
<0.001

1.35 (1.25-1.47)

1.00
1.66 (1.31-2.10)

1.00
1.20 (0.87-1.65)
2.22 (1.69-2.93)}

1.00

1.29 (0.87-1.90)
1.81 (1.25-2.63)
1.87 (1.29-2.72)t
<0.001

112 (1.02-1.24)°

1.00
1.34(1.04-1.72)

1.00

1.32 (0.80-2.19)
147 (0.87-2.49)
1.75 (1.03-3.07)°
0.056

1.07 (0.92-1.24)

1.00
1.31(0.89-1.95)

1.00
1.35(0.83-2.19)
1.28 (0.79-2.08)

1.00

0.77 (0.55-1.09)
1.28 (0.93-1.77)
1.34 (0.95-1.88)
0016

1.05 (0.98-1.14)
1.00

1.29 (1.01-1.66)
1.00

1.24 (0.91-1.70)
1.34 (1.00-1.80)

1.00
1.01 (0.52-1.97)
1.81(097-3.37)
1.36 (0.70-2.64)
0342

1.05 (0.86-1.27)

1.00
1.04 (0.67-1.50)

1.00
1.1 (0.69-1.80)
0.89 (0.53-1.50)

100

1.19 (0.82-1.73)
1.28 (0.88-1.87)
1.87 (1.28-2.73)f
<0.001
1.32(1.20-147)f

1.00
143 (1.11-1.84)

1.00
1.09 (0.79-1.52)
1.85 (1.37-2.50)f

1.00

1.22 (0.82-1.82)
1.73 (1.17-2.56)¢
1.71 (1.14-2.59)*
0013

1.08 (0.96—1.21)

1.00
1.22 (0.93-1.62)

(continued on next page)
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Table 3 (continued )

Person years No of events Age and community-adjusted HR (95%C1) Muttivariable HR (95%Cl)

Triglycerides

< 1.69 mmol/fL 35,805 167 1.00 1.00

1.69-2.25 mmol/L 6727 46 139 (1.00-1.93) 1.31(0.93~1.84)

2 2.26 mmol/L 7898 52 1.30(0.94-1.78) 1.14 (0.80-1.62)
Non-fasting triglycerides
Quartiles

Q1 (low) 46,143 128 1.00 1.00

Q2 45,415 127 1.00 (0.78—1.28) 0.96 (0.75-1.23)

Q3 43,391 177 149 (1.18-1.88)t 1.30(1.02-1.66)"

Q4 (high) 41,332 217 1.98 (1.58-2.49); 1.60 (1.25-2.05)f

P for trend <0.001 <0.001
HR per 1 mmol/L increment 176,281 649 118 (1.13-1.23)¢ 1.12 (1.06-1.18)f
Triglycerides

< 1.69 mmol/L 123,951 387 E 1.00

> 1.69 mmol/L 52,330 262 1.65 (1.41-1.94); 1.38(1.16-1.65)f
Triglycerides

< 1.69 mmol/L 123,951 387 1.00 1.00

1.69-2.25 mmol/L 26,084 105 1.32 (1.06~1.64) 1.18 (0.94-1.48)

> 2.26 mmol/L 26,246 157 2.00 (1.65-2.42) 1.59 (1.29~1.96)f

Test for significance: “P < 0.0, {P < 0.01, {P < 0.001.

Qt; 0.26-0.95 mmol/L (23—84 mg/dL), Q2; 0.96-1.30 mmol/L (85—115 mg/dL), Q3: 1.31-1.86 mmol/L (116165 mg/dL), Q4: 1.87~23.71 mmol/L (166—2100 mg/dL).

Multivariable hazard ratio adjusted for the same variables shown in Tabie 2.

triglycerides in all subjects. The associations with triglycerides
were stronger for ischemic heart disease than for ischemic stroke
(Supplemental Table 1)

As shown in Supplemental Table 2, we conducted a sub-analysis
with further adjustment for HDL-cholesterol (n = 5880). The results
were similar to those for total subjects shown in Tabic 2 and
Supplernental Table 1, except for associations with ischemic heart
disease for total subjects, which were consistent and significantly
positive.

Table 3 shows the associations between triglyceride levels and
risk of ischemic cardiovascular disease by fasting status. The asso-
ciations were positive and did not differ substantially for fasting
and non-fasting men, while they were more marked for non-fasting
women and total subjects than for fasting subjects. The muitivari-
able hazard ratios (95%Cls) of ischemic cardiovascular disease for
the highest versus lowest triglyceride quartiles were 175
(1.03-3.07), P for trend = 0.056 for fasting men, and 134
(0.95—1.88), P for trend = 0.016 for non-fasting men, while that for
>1.69 mmol/L of triglycerides versus the lower levels was 1.31
(0.89—1.95) for fasting men and 1.29 (1.01-1.66) for non-fasting
men; that for >2.26 mmol/L of triglycerides versus <1.69 mmol/L
of triglycerides was 128 (0.79-2.08) and 1.34 (1.00-1.80). The
corresponding hazard ratios for women were 1.36 (0.70—2.64), P
for trend = 0.342 and 1.87 (1.28—2.73), P for trend < 0.0001; 1.04
(0.67~1.50) and 1.43 (1.11-1.84); and 0.89 (0.53—1.50) and 1.85
(1.37-2.50), respectively, indicating that the significant positive
associations were limited to non-fasting women. The correspond-
ing hazard ratios for total subjects were 1.71 (1.14—2.59), P for
trend = 0.013 and 1.60 (1.25-2.05), P for trend < 0.0001; 1.22
(0.80—1.62) and 1.38 (1.16-1.65); and 1.14 (0.80-1.62) and 1.59
(1.29-1.96), respectively. When we looked into ischemic heart
disease and ischemic stroke, separately, these positive associations
were more evident for non-fasitng than for fasting men, women
and total subjects (Supplemental Table 3).

Further adjustment for HDL-cholesterol levels did not result in
substantial changes for total subjects (Supplemental Table ). For
example, the multivariable hazard ratios (95%Cls) of ischemic car-
diovascular disease for the highest versus lowest quartiles of tri-
glycerides were 1.40 (0.70-2.81), P for trend = 0.517 for fasting
persons, and 1.46 (1.02—2.08), P for trend = 0.005 for non-fasting
persons; those for triglycerides >1.69 mmol/L versus the lower
levels were 091 (0.55-149) for fasting persons and 1.49
(1.15-1.92) for non-fasting persons; and those for triglycerides

>2.26 mmol/L and 1.69~2.25 mmol/L versus the lower levels were
0.92 (0.50—1.72) and 0.89 (0.47—1.67), respectively for fasting
persons, and 1.62 (1.19—2.21) and 1.36 (0.99-1.87) for non-fasting
persons.

4. Discussion

For our large, long-term prospective cohort of Japanese middle-
aged residents, we found that, independent of other major car-
diovascular risk factors, serum triglycerides levels were positively
associated with risk of ischemic cardiovascular disease, and of
either ischemic heart disease or ischemic stroke. These associations
were more marked for ischemic heart disease than for ischemic
stroke. When stratified by fasting status, these associations did not
differ substantially between fasting and non-fasting men, but were
more marked for non-fasting than for fasting women. For the
subsample analysis (55% of total participants) with further adjust-
ment for HDL-cholesterol levels, the results were similar. To the
best of our knowledge, this is the first study conducted in an Asian
country to examine the associations of non-fasting and fasting
triglycerides with risk of cardiovascular disease for individuals who
do not live in a western environment and are characterized by a
lower prevalence of dyslipidemia than seen in western countries.

The stronger association between triglycerides and risk of
ischemic heart disease than risk of ischemic stroke found in our
study was consistent with the finding from a previous meta-
analysis Further, the stronger association between tri-
glycerides and risk of ischemic cardiovascular disease for women
than for men in the present study was also consistent with the
finding of a previous meta-analysis but not with that of another
which reported no sex difference {3:. That stronger association for
women, in particular non-fasting ones, could be in part due to the
smaller variability of non-fasting triglycerides in women than in
men {21} because of the estrogen effect {222}, This smaller variability
allowed for the representation of long-term non-fasting triglycer-
ide values, so that the association was less attenuated.

As for the mechanisms involved in the positive association be-
tween non-fasting triglycerides and risk of ischemic cardiovascular
disease, a high postprandial triglyceride level is closely linked with
delayed clearance of chylomicron remnants } }. These rem-
nants with enhanced triglycerides and cholesterol esters are taken
up into the arterial wall by means other than the LDL-cholesterol
receptors, and they have been found to be as atherogenic as LDL-
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cholesterol in animal experiments {i2}. It is uncertain, however,
whether postprandial increments in triglycerides levels differ for
men and women. One study showed that the postprandial incre-
ment was larger for men than for women {24}, while another study
indicated that there was no difference in the increments did not
differ when the quantity of visceral adipose tissue was equal {25].

High triglyceride levels in either the postprandial or fasting state
are associated with increased small LDL particles {26}, which may
be more atherogenic than larger LDL particles because of increased
susceptibility to oxidation {271, High triglycerides levels are also
associated with increased concentrations of factor VII and plas-
minogen activator inhibitor {13}, as well as with enhanced insulin
resistance (28] and blood leukocyte counts {24, all of which may
accelerate atherosclerotic and thrombotic processes.

Our study's finding that the positive association between tri-
glycerides and risk of ischemic heart disease was similar for fasting
and non-fasting men was in agreement with the previous finding
by a cohort study of American men enrolled in the Multiple Risk
Factor Intervention Trial {9{. Two cohort studies of Japanese men
showed a positive association between fasting triglycerides and
risk of ischemic heart disease {38,311. The positive association be-
tween triglycerides and risk of ischemic heart disease among
women in our study was stronger for non-fasting than fasting
status, and this was also consistent with the finding by a cohort
study of American women enrolled in the trial of Women's Health
Study {1¢. However, our study succeeded in providing an inte-
grated picture of potentially differential impacts of fasting and non-
fasting triglycerides on risk of ischemic cardiovascular outcomes for
men and women in a single cohort.

Our study has several strengths other than its large sample size,
prospective design and long-term follow-up. First, we used inci~
dent cases of ischemic heart disease and ischemic stroke as the
target endpoint because they may be more directly related with
triglycerides than are fatal outcomes only. Second, ours was a
community-based study of residents, so that our findings are likely
to be able to be extrapolated to Japanese populations in general.
Third, we examined sex-specific associations of triglycerides with
incident ischemic cardiovascular disease stratified by fasting status,
which allowed us to examine the impact of postprandial triglyc-
eride concentrations on risk of ischemic cardiovascular disease.

There are, however, several limitations to this study. First, the
study participants were not randomly assigned to fasting or non-
fasting status because of the observational design. Non-fasting
participants were slightly younger and had lower body mass in-
dex and blood pressure levels than their fasting counterparts, but
other cardiovascular risk factors were similar, and these risk factors
were adjusted for the multivariable analyses. Second, over 80
percent of the participants were non-fasting. Thus, our findings
pertain primarily to postprandial triglycerides and ischemic car-
diovascular disease, as in several previous studies ~36} This
means that the findings of the investigation to detect the actual
associations between fasting triglycerides and risk of ischemic
cardiovascular disease were less robust, in particular for women.
Third, the single measurement of triglycerides at baseline may have
made the associations biased towards the null value because of
their random measurement variations, so that the actual associa-
tions would be stronger.

Nevertheless, our findings support the usefulness of non-
fasting triglyceride measurements in clinical practice and during
population screening examinations because patients and partici-
pants do not need to attain fasting status, since non-fasting and
fasting triglycerides have been shown to be equaily predictive for
ischemic cardiovascular disease for men, and even more predictive
for women. Because over two-thirds of a person's life time is
characterized by a non-fasting status, non-fasting triglycerides

may reflect more individualized lipid profiles and metabolic
status.

In conclusion, non-fasting as well as fasting serum triglycerides
were found to be predictive for the risk of ischemic cardiovascular
disease for middle-aged Japanese men, as were non-fasting tri-
glycerides for women. The positive associations were stronger for
ischemic heart disease than for ischemic stroke.
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Menopausal Status in Relation to Cardiovascular Stress Reactivity in Healthy

Japanese Participants

Kumr Hiroxawa, PHD, Mako NacavosH, PHD, Tetsuva Ouira, MD, PuD, Mitsucu Kanura, MD, AkiHiko Kitamura, MD,
MasaHiko Kivama, MD, Takeo Oxapa, MD, anp Hirovasu Iso, MD, PHD

Objective: To investigate the hypothesis that postmenopausal women demonstrate greater cardiovascular stress reactivity during
mental stress tasks than do both premenopausal women and men. Methods: The study included 979 Japanese participants (338 men
and 641 women [238 postmenopausal]) aged 16 to 82 years. Blood pressure, heart rate, heart rate variability, and peripheral blood flow
were measured at rest and during a mirror drawing stress task and a maze task. Differences between measured variables during tasks
and at rest were calculated and considered to represent reactivity to stress. Analyses were adjusted for age and other potential
confounding factors. Results: After adjusting for multiple factors, significant group effects were found for systolic blood pressure
(SBP), diastolic blood pressure, heart rate, low-frequency (LF), LF/high-frequency, and peripheral blood flow (effect size: partial
772 =0.015, 0.011, 0.013, 0.013, 0.008, and 0.009, respectively). Postmenopausal women were more reactive than men to stress
for SBP (15.4 = 0.8 versus 11.7 £ 0.6 mm Hg), diastolic blood pressure (10.4 0.6 versus 8.0 £ 0.5 mm Hpg), heart rate (2.7 + .5 versus
0.7 + 0.4 beats/min), LF (23.0 + 5.2 versus 3.2 + 3.8 ms*/Hz), and peripheral blood flow (—39.0 £ 3.8 versus —25.9 % 2.8 Laser Doppler
Perfusion Units) and more reactive than premenopausal women (p <.050) for SBP (15.4 £ 0.8 versus. 12.4 + 0.5 mm Hg) and LF/
high-frequency (1.7 £ 0.1 versus 1.3 £ 0.1). Conclusions: Postmenopausal Japanese women evidenced greater cardiovascular stress
reactivity during mental stress tasks than did Japanese men or premenopausal women. Cardiovascular hyperreactivity could play a
role in the higher risks of cardiovascular diseases in postmenopausal women. Key Words: menopausal status, cardiovascular stress
reactivity, heart rate variability, blood pressure, heart rate, peripheral blood flow.

SBP = systolic blood pressure; DBP = diastolic blood pressure; LF =
low-frequency; HF = high-frequency; MIDS = mirror drawing stress;
ECG = electrocardiogram; pre = pretask interval; post = posttask
interval.

INTRODUCTION

here is evidence that more than 90% of coronary artery

disease morbidity among women occurs in postmenopausal
women (1). Estrogen deficiency is associated with altered va-
somotor reactivity, and estrogen replacement normalizes this
condition (2). Thus, there is some indirect evidence that es-
trogen has an impact on cardiovascular diseases.

Another potential contributor to the development of coro-
nary heart disease is increased cardiovascular and neuroendo-
crine responses to mental stress (3). Such responses may trigger
clinical events in individuals with disease through hemody-
namic, vasoconstrictive, or coagulation factors (4). Cardiovas-
cular reactivity to mental stress has been demonstrated to be a
predictor of atherosclerosis and cardiac events (5,6). A sys-
tematic review based on the results of several prospective
studies concluded that higher cardiovascular reactivity could
lead to increased risk of cardiovascular outcomes such as high
blood pressure, carotid atherosclerosis, carotid intima thick-
ness, and increased left ventricular mass (7). The most com-
monly used indices of cardiovascular reactivity are blood
pressure and heart rate. An increase in resting heart rate is
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associated with an increased risk of cardiovascular mortality in
men aged 70 to 90 years (8). Heart rate variability is a widely
used method for studying cardiac autonomic modulation of
heart rate (9). Low resting heart rate variability is thought to
reflect excessive sympathetic and inadequate parasympathetic
meodulation of heart rate and is a strong predictor of mortality
among patients with coronary heart disease (10-12).

Cardiovascular and neuroendocrine responses to mental
stress may be influenced by reproductive hormone status (13).
Several studies have examined associations between meno-
pausal status and cardiovascular reactivity to mental stress and
reported that postmenopausal women have higher blood pres-
sure and decreased parasympathetic modulation of heart rate
during mental stress than do premenopausal women and/or men
(5,13,14). However, these studies involved small samples (10-16
postmenopausal women) and failed to adjust statistically for
possible confounding variables. Furthermore, there have been no
general population studies of Asian participants.

The purpose of the present study was to investigate whether
menopausal status is associated with cardiovascular reactivity
to mental stress in healthy Japanese population. We postulated
that postmenopausal women have increased cardiovascular re-
activity to mental stress tasks compared with premenopausal
women and men.

METHODS

Study Participants

The study included 979 Japanese people (338 men and 641 women) aged 16
10 82 years who underwent mental health checkups at the Osaka Medical Center
for Health Science and Promotion between 2001 and 2009. The mental health
checkups were conducted to examine associations of mental stress levels with
somatic and psychological symptoms. The participants were drawn from com-
panies around the Osaka area, Japan, and via the Web site of the Osaka Medical
Center for Health Science and Promotion. The study was explained to potential
participants, and only those who gave written consent were enrolled.

Most of the participants were employed persons (98% of men and 93% of
women). Among the employed particip the major occup: was teachers
(54% of men and 62% of women). Unemployed persons made up 1.5% of the
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male and 6% of the female participants. Among the unemployed women, 65%
stated that they were housewives,

Of the 641 women, 238 (37.1%) of those who answered “Yes” to the
question “Have you already reached se?” were post pausal.
Menopausal status was defined as the last menstrual period having been at least
1 year earlier. Of those who said they had already reached P 20
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on the third finger during the above-described experimental periods. Blood flow
was obtained from the product of red blood cell counts and blood flow velocity.
The laser Doppler blood-flowmeter allows measurement of intracapillary blood

flow at a depth of about 0.5 mm from the skin surface (16,17).
Blood was drawn into a plain, siliconized glass tube and the serum separated
diately by centrift Time since the last meal ranged from 0.2 to

women with a less than 1-year interval between current age and age at meno-
pause were excluded from the analyses.

No participant had a history of stroke or myocardial infarction. There were
25 participants (16 men and 9 women) who had diabetic mellitus and 63 (27 men
and 36 women) taking medications for hypertension, including 9 participants
(4 men and 5 women) who had both diseases. They were excluded from the

21.2 hours; fasting was defined as at least 8 hours since eating. Serum glucose
concentration was measured by the hexokinase method. Serum total cholesterol
C! tion was d by the Liet -B 1 direct method. All
blood measurements were performed by an autoanalyzer (Hitachi 7250; Hitachi,
Tokyo, Japan) in the laboratory of the Osaka Medical Center for Health Science
and Promotion.

analyses. Finally, the data of 880 participants (299 men, 388 ¢ pausal
women, and 193 postmenopausal women) were analyzed. Relevant participant
variables are detailed in Table 1.

This study was approved by the Ethics Committee of the Osaka Medical
Center for Health Science and Promotion. All participants signed informed

consent forms before participating.

Experimental Tasks

The experimental tasks consisted of a modified mirror drawing stress
(MDS) task and a maze task, both of which are frequently used to examine
cardiovascular reactivity in a laboratory setting. In the MDS task, a complex
pathway is p d to particiy ona screen for 2 minutes (13,15).
Participants are asked to trace the pathway with a mouse as accurately and as
rapidly as possible. The horizontal and/or vertical axis controls of the mouse are
reversed. The maze task (Amthat; Brain Medical, Japan) is designed to assess
perceptual functioning, especially thinking ability, in elderly people. A maze is
presented on a computer screen for 2 minutes. Participants are required to study
the maze and plan how to reach the goal by passing through invisible walls in a
grid composed of five lines and five columns. There were 2-minute intervals
between tasks, during which cardiovascular reactivity was not assessed. The
sequence of these tasks was fixed as follows: pretask interval, MDS task,
posttask interval, maze task, and posttask interval.

Measurements

To assess cardiovascular reactivity, the systolic blood pressure (SBP; in
mm Hg) and diastolic blood pressure (DBP; in mm Hg) were measured by
tonometry and the heart rate (in beats/min) by electrocardiogram (ECG;
BP-508SD; Omron Colin, Kyoto, Japan) during the pretask interval (pre), the
MSD task, the maze task, and the posttask interval (post), each item having a
duration of 2 minutes. Participants” ECGs were monitored from electrodes on the
left subclavicular area and right lower chest. The R-R intervals were measured by
a Memcal, which analyzes data while eliminating abnormal cardiac rhythms.
‘When atrial fibrillation was present and/or more than 10% of recorded cardiac
rhythm was abnormal, those data were omitted from the analyses. Power
spectral analysis for the R-R intervals on the ECGs was performed every 128
beats to yield low-frequency (LF; 0.04-0.15 Hz) and high-frequency (HF)
components (0.15--0.40 Hz) and their ratio (LF/HF).

Peripheral blood flow (Laser Doppler Perfusion Units) was measured by a

Hyr ion was defined as SBP at least 140 mm Hg, and/or DBP at least
90 mm Hpg, and/or use of antihypertensive medication. Diabetes mellitus was
defined as a fasting blood glucose concentration of at least 126 mg/dl or a
nonfasting concentration of at least 200 mg/dl, and/or the use of medication for
diabetes mellitus. Hyperlipidemia was defined as total cholesterol = 220 mg/d}
and/or use of medication for hyperlipidemia.

Height in stockinged feet and weight in light clothing were measured. Body
mass index (BMI) was calculated as weight (kg) divided by the square of the
height in meters (m2)< Participants were interviewed 1o ascertain smoking status
(never, ex-smokers, and current smokers) and consumption of alcohol status
{(never, ex-drinkers, and current drinkers). Physical activity was evaluated
according to the criteria of the Japan Arteriosclerosis Longitudinal Study (18).
Participants were asked whether they had regularly performed physical exercise
for more than 15 minutes within the previous 3 months and were categorized as
physically active if they answered “Yes.”

Statistical Analyses

Analysis of variance (ANOVA) was performed to compare age and BMI
between the three groups (premenopausal women, postmenopausal women, and
men). A x* test was performed to compare categorical variables between the
three groups. A 3 x 4 repeated ANOVA was performed to compare measured
variables between the three groups and between the four task periods (pre, MDS
task, maze task, and post). Because values for measured variables were higher
during pretask than during posttask periods, the latter were considered as rest
periods. Differences between variables during MDS tasks and posttask periods
(MDS task-post) and during maze tasks and posttask periods (maze task-post)
were calculated to provide measures of reactivity to stress. A 3 x 2 repeated
ANOVA was performed to compare reactivity to stress between the three groups
and two task perieds. A 3 x 2 repeated analysis of covariance was performed
adjusting for age, BMI, smoking status, and hypertension status. Bonferroni
post hoc test was performed. All statistical analyses were performed with SPSS
version 16. All probability values for statistical tests were two tailed, and
p values less than .05 were regarded as statistically significant.

Age-matched analyses were performed to compare premenopausal and
postmenopausal women, adjusting for BMI, smoking status, and hypertension
status. In all, 76 premenopausal women were selected case by case to match 76
postmenopausal women based on age (age range, 42--58 years).

Multiple regression analyses were also performed on reactivity to MDS and

laser Doppler blood-flowmeter (Priffux PF-4000; Perimed, Stockholm, Sweden) maze tasks (outcome variables), whereas 1 Ie ] status {prer pausal as
TABLE 1. Demographic Variables of Pr p I and P i Women and Men
Premenopausal Women (n = 388) Postmenopausal Women (n = 193) Men (n = 299) P
Age, y, M (SD) 41.7°(7.7) 54.2° (4.5) 45,5 (9.4) <.001
Body mass index, kg/m?, M (SD) 22.0° (3.5) 22.3*3.2) 23.6° (3.2) <.001
Hypertension, % 54 11.4 20.4 <.001
Hyperlipidemia, % 26.0 57.5 33.1 <001
Current smoker, % 10.8 7.8 25.8 <.001
Current drinker, % 38.9 41.5 63.5 <.001
Physically active, % 42.8 52.3 54.5 .005

Superscript letters a, b, and ¢ indicate a significant difference between the values according to Bonferroni post hoc test (p < .05).
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a reference), age, BMI, drinking consumption, smoking status, hypertension
status, hyperlipidemia status, diabetes mellitus status, and physical activity were
treated as predictor variables.

RESULTS

Crude means of measured variables are detailed in Table 2.
The main findings are that mean SBP and DBP were higher in
men than in both premenopausal and postmenopausal women.

Mean LF/HF was higher in men and postmenopausal women
than in premenopausal women, whereas mean LF and HF was
higher in premenopausal women than in postmenopausal women,
and mean HF was also higher in premenopausal women than in
men. The main effects of tasks on measured variables were as
follows: mean SBF, DBP, and LF/HF were higher during both
MDS and maze task periods than during pretask and posttask
periods, whereas mean LE, HE, and peripheral blood flow during

TABLE 2. Cardiovascular Respenses to Stress Chall Tasks in Pr p 1 Women, P 1 Women, and Men
Premenopausal Postmenopausal Group Mean
Women Women Men Value Results of ANOVA
Mean SE Mean SE Mean SE Mean SE Effect F P

Systolic blood pressure, mm Hg
Pretask 111.45 0.8 114.4% 1.1 122.3% 0.9 116.0' 0.5 Group 37.84 <.001
MDS task 120.8< 1.0 126.4%¢ 1.5 133.0™ 1.2 126.8¢ 0.7 Task 473.47 <001
Maze task 119.3% 1.1 124.3% 1.5 130.1¢ 1.2 124.6° 0.7 Group x Task 4.35 <.001
Posttask 108.1%¢ 0.8 109.7°9 1.2 119.3% 1.0 112.49 0.6
Mean value 114.9¢ 0.9 18.7° 1.2 126.2* 1.0

Diastolic blood pressure, mm Hg
Pretask 68.1% 0.6 70.4%° 0.9 78.1% 0.7 72.2! 0.4 Group 5463  <.001
MDS task 75.2% 0.8 78.2% 1.1 86.2* 0.9 79.9¢ 0.5 Task 373.37 <001
Maze task 71.7¢¢ 0.8 75.3%¢ IN 82.0° 0.9 76.3° 0.6 Group x Task 3.84 <.001
Posttask 64.8%9 0.7 66.5%9 1.0 75.7%9 0.8 69.09 0.5
Mean vaiue 70.0° 0.7 72.6° 1.0 80.5° 0.8

Heart rate, beats/min
Pretask 73.3¢ 0.5 73.2¢ 0.7 73.3¢ 0.6 73.3¢ 0.4 Group 0.04 96
MDS task 73.6% 0.6 74.2° 0.8 73.4 0.7 73.7¢ 0.4 Task 43.35 <001
Maze task 7319 0.6 74.0¢ 0.8 73.4¢ 0.6 73.5¢ 04 Group x Task 4.63 <.001
Posttask 71.8° 0.5 70.9¢ 0.7 72.6° 0.6 71.7¢ 0.4
Mean value 72.9 0.5 73.1 0.7 73.2 0.6

LF, ms?/Hz
Pretask 59.1 3.1 44.6 43 63.7 3.4 55.8° 23 Group 6.01 .003
MDS task 76.5 4.3 62.3 6.1 70.3 4.9 69.7¢ 3.0 Task 14.59 <.001
Maze task 78.2 4.1 62.2 5.8 75.5 4.7 71.9¢ 2.8 Group x Task 1.23 .29
Posttask 59.9 3.1 46.1 4.4 67.6 3.5 57.9° 2.1
Mean value 68.4° 2.7 53.8° 3.8 69.2° 3.1

HF, ms?/Hz
Pretask 65.1 26 51.9 3.7 52.6 3.0 56.59 1.8 Group 9.90 <001
MDS task 41.0 1.8 29.2 2.5 314 2.0 33.9¢ 1.2 Task 11218 <.001
Maze task . 41.6 1.8 32.8 2.6 33.3 2.1 35.9° 1.3 Group x Task 0.80 57
Posttask 66.4 2.7 51.0 3.8 53.5 3.0 57.0¢ 1.9
Mean value 53.5° 1.9 41.2° 2.7 42.7° 2.2

LF/HF
Pretask 1.20¢ 0.1 1.3% 0.1 1.5% 0.1 1.3¢ 0.0 Group 1517 <.001
MDS task 2.5%4 0.1 3.0% 0.1 3.7 0.1 2.9¢ 0.1 Task 279.55 <.001
Maze task 2459 0.1 2.7¢ 0.1 3.0 04 2.7¢ 0.1 Group x Task 244 024
Posttask 1.2 0.1 1.2 0.1 1.5% 0.1 1.3¢ 0.0
Mean value 1.8° 0.1 2.0° 0.1 2.3 0.1

Peripheral biood flow, PU
Pretask 162.3¢ 42 174.2¢ 6.0 168.1¢ 48 168.2° 2.9 Group 279 062
MDS task 135.8 4.1 147.19 5.8 147.5° 4.7 14349 2.8 Task 119.33 <.001
Maze task 140.7% 4.3 160.3% 6.1 149.1° 4.9 150.0 3.0 Group x Task 3.01 .006
Posttask 169.1°¢ 4.2 190.0* 5.9 173.7¢ 4.8 177.6° 29
Mean value 152.0 4.0 167.9 5.6 159.6 4.5

MDS = mirror drawing stress; LF = low-freq 3 HF = high-freq y; PU = Laser Doppler Perfusion Units; SE = standard error; ANOVA analysis of variance.

Data shown are unadjusted (crude) means and SEs of the mean.

Superscript letters a, b, and ¢ indicate a significant difference between the values according to Bonferroni post hoc test, when compared between menopausal statuses

(p <.05).

Superscript letters d, e, f, and g indicate a significant difference between the values according to Bonferroni post hoc test, when compared between task and rest

periods (p < .05).
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both MDS and maze task periods were lower than those during
pretask and posttask periods. Mean heart rate during posttask
period was lower than those during other periods. Mean SBP was
higher in postmenopausal than in premenopausal women during
both tasks, whereas there were no significant differences between
postmenopausal and premenopausal women during pretask and
posttask periods. Mean DBP during the maze task was higher in
postmenopausal than in premenopausal women, whereas there
were no significant differences between postmenopausal and
premenopausal women during pretask and posttask periods. In
men, mean heart rate during the MDS task did not differ from
those during pretask and posttask periods. Mean LF/HF during
the MDS task was higher in postmenopausal than in premeno-
pausal women, whereas there were no significant differences
between postmenopausal and premenopausal women during
other periods. Mean peripheral blood flow during the maze task
and posttask periods was significantly higher in postmenopausal
than in premenopausal women.

Table 3 shows the mean differences between task and
posttask periods (task-post). The main finding was that reac-
tivity to stress for SBP and heart rate was greater in postmen-
opausal than in premenopausal women and men, whereas for
DBP and peripheral blood flow, these parameters were greater
in postmenopausal women than in men. Reactivity to stress for
LF was greater in premenopausal and postmenopausal women
than in men, and for the LF/HF ratio, it was greater in post-
menopausal than in premenopausal women. On the other hand,
for peripheral blood flow, it was greater in postmenopausal
women than in men during MDS task periods. There were no
significant differences between tasks in peripheral blood flow
in men. Adjustment for the multiple covariates did not alter
these findings.

According to age-matched analyses, the main finding con-
cerned reactivity to stress as reflected by the LF/HF ratio
(F(1,128] = 7.55, p = .007; premenopausal: mean = 1.19,
standard error (SE) = 0.18; postmenopausal: mean = [.91, SE =
0.18). An interaction of group and task was found in reactivity
to stress for heart rate (#(1,130] = 3.96, p = .049; premeno-
pausal: mean = 4.34, SE = (.74, and mean = 3.49, SE = 0.68,
for both MDS and maze tasks, respectively; postmenopausal:
mean = 2.52, SE = 0.76, and mean = 3.06, SE = 0.69,
respectively).

Table 4 shows the results of regression analysis of the as-
sociation between menopausal status, sex, and multiple covar-
iates on the reactivity to stress of the cardiovascular risk factors.
Postmenopausal women had greater reactivity to stress for SBP
and LF/HF than did premenopausal women, whereas the op-
posite trend was observed for peripheral blood flow. Men
were less reactive to stress for heart rate and LF than were
premenopausal women.

DISCUSSION

Our findings show that postmenopausal women are more
reactive to stress for SBP, DBP, heart rate, and peripheral blood
flow than are men and more reactive to stress for SBP and
LF/HF than are premenopausal women. Adjustment for multiple
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confounding factors did not alter these findings. A meta-
analysis of prospective studies revealed that increased cardio-
vascular reactivity to acute mental stress has an adverse effect
on future cardiovascular risk status (19). Our findings suggest
that menopause is significantly associated with greater changes
in cardiovascular reactivity, which could be linked to greater
risks of cardiovascular diseases in postmenopausal women.

Men had greater blood pressure during mental stress tasks
and at baseline than did women; they also had greater LF/HF
than premenopausal women. These findings are consistent with
those of previous studies (5,13,15). Mean values of HF in
premenopausal women were greater than those in postmeno-
pausal women and men. It is widely accepted that HF is a
reflection of cardiac parasympathetic activity (20). Because it is
fully acknowledged that LF is influenced by both sympathetic
and parasympathetic activities, the LF/HF ratio has been pro-
posed as a measure of sympathetic-parasympathetic activity
balance (21). The present findings are consistent with a previ-
ous report of stronger sympathetic nervous activity and weaker
parasympathetic nervous activity in men than in women (15).
However, so far it is not clear why such sex differences emerge
in responses of cardiovascular reactivity to mental stress. One
possible explanation for these sex differences is that they are
mediated by hormonal mechanisms involving estrogen and
progesterone. For example, greater reactivity to mental stress
according to heart rate and/or blood pressure (22,23) and LF
and LF/HF (15,24) has been observed during the luteal phase,
during which concentrations of these hormones are greater than
during the follicular phase. However, a recent review stated that
interpretations of LF and LF/HF ratio components are contro-
versial because the LF component is mainly determined by the
parasympathetic system (25) and the LF/HF ratio does not
accurately reflect sympathetic-parasympathetic balance (20).
Therefore, interpretations of heart rate variability should be
made with care.

According to our findings, postmenopausal women are more
reactive to stress than premenopausal women and men. Heart
rate reactivity did not differ between premenopausal and post-
menopausal women, but both had higher heart rate reactivity
than did men. It is noteworthy that mean values of cardiovas-
cular measures of reactivity were greater in men than in women,
whereas changes in cardiovascular measures in response to
mental stress were greater in women. Reactivity to stress may
be augmented by menopausal status beyond these sex differ-
ences. For example, in the present study, postmenopausal women
were more reactive to stress for SBP and LF/HF than were
premenopausal women. These results are also consistent with
the findings of previous studies (5,13,26). Greater changes in
blood pressure reactivity during mental stress in postmeno-
pausal women than in premenopausal women could be attrib-
utable to hormonal differences between those two groups. Owen
et al. (13) reported that lower concentrations of estrogen and
greater follicle-stimulating hormone are associated with greater
blood pressure during mental stress tasks.

In relation to postmenopausal women, the effects of
aging on cardiovascular responses cannot be ignored because
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progressive reduction in estrogen concentrations may be an in-

MENOPAUSE AND CARDIOVASCULAR STRESS REACTIVITY

evitable consequence of the aging process. It has been pointed

out that age-related changes in regional blood flow response are
regulated by endothelium-derived nitric oxide (27). The capac-
ity of vascular endothelium to generate nitric oxide declines

with aging. Consistent with this point, when measured as re-
activity to 30 seconds of standing, the velocity of blood flow in
the middle cerebral artery reportedly falls less in older than in
younger participants (28). In heat stress conditions, older men

have an attenuated skin vasoconstrictor response to the
unloading of baroreceptors (29). It has been proposed that the

inability of baroreceptors to modulate skin blood flow may play
a role in the decreased ability of the elderly to properly regulate
central blood volume and maintain blood pressure during blood
pressure challenges. However, these basic findings are drawn
from related studies that included only men or in which sex
differences were not considered. In the present study, older men

had smaller reactivity to stress in peripheral blood flow than did
younger men, whereas the reactivity was greater in postmeno-

Furthermore, life-style habits may have effects on cardio-
vascular reactivity to mental stress. Although heart rate vari-

have a larger impact on cardiovascular responses to stress tasks
ability declines with advancing age in women, physically active

pausal women (data not shown). In women, menopause may
than aging per sc.

women have significantly greater heart rate variability in all

age groups (30). In the present study, however, adjustment for
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physical activity did not affect the findings. Chronic discases

variability measures, except for LF/HF, were significantly re-
duced in participants with hypertension than in those without
hypertension (31). There was no significant change in the as-

related to cardiovascular diseases should also be considered. In
the Framingham Heart Study, it was found that all heart rate

reactivity to mental stress after adjustment for hypertension
status. Possible impacts of oral contraceptives and hormone

sociations between postmenopausal status and cardiovascular
replacement therapy on cardiovascular measures have been

postulated (32,33). In the present study, only two women
(0.3%) were taking oral contraceptives and 16 (2.5%) were
taking hormone replacement therapy. When those women were
excluded from the analyses, the results were essentially the
same (data not shown). Furthermore, 87 women (15.0%) had
undergone surgery for uterine or ovarian problems (no infor-

mation concerning whether these organs were removed). When

those women were excluded from the analyses, the results were

essentially the same (data not shown).

Several limitations of this study must be addressed. First, the
effects of aging per se on cardiovascular reactivity to mental
stress could not be discriminated clearly from those of post-
menopausal status. Although age-matched analyses attenuated
the significance of the associations between menopause status

and cardiovascular reactivities, greater reactivity to stress for
the LF/HF ratio persisted among postmenopausal women com-
pared with their counterparts. Hormonal data, such as con-
centrations of estrogen and follicle-stimulating hormone, were
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parasympathetic modulation of reactivity to stress may depend
on task characteristics. Two different tasks were used in the
present study to assess reactivity to psychological stress. The
procedure of conducting these two tasks was not counter-
balanced. The latter task, namely, the maze task, may confer
less psychological stress than the MDS task. Because self-
reported measures of stress do not evaluate whether tasks are
stressful for participants, their subjective stress levels for each
task should have been assessed. Third, because the participants
in this study had attended the center to check their stress levels,
they may have had some interest in their mental health or ac-
tually had mental health problems. Thus, because we cannot
assume that they were representative of the overall Japanese
population, selection bias may have affected the results. We
found no association between severity of depressive symptoms
and cardiovascular reactivity (data not shown).

The present study has several strengths. Analyses were
performed on a large sample of healthy Japanese participants.
No participants had major histories of stroke or myocardial in-
farction, which might have influenced cardiovascular reactivity
to mental stress. Furthermore, various potential confounders
were taken into account in the analyses. Cardiovascular reac-
tivity to mental stress was evaluated by various measures in-
cluding blood pressure, heart rate, heart rate variability, and
peripheral blood flow. It was also compared using two different
tasks. Given that it has been shown that task involvement is
directly associated with the magnitude of acute cardiovascular
reactivity (34), use of multiple tasks would have diminished task-
dependent differences in reactivity.

In conclusion, the present study showed that postmeno-
pausal women have greater changes in cardiovascular reactivity
to mental stress than do premenopausal women and men. Their
autonomic reactivity to mental stress as measured by heart rate
variability was also associated with menopausal status. Post-
menopausal women may be at additional risk for cardiovascular
diseases, beyond the risk of aging per se. The potential pro-
tective effects of high estrogen concentrations on cardiovas-
cular reactivity should be further investigated.
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Background: Accurate measurement of blood lipids is crucial in cardiovascular disease risk management. The Cen-
ters for Disease Control and Prevention (CDC) Cholesterol Reference Method Laboratory Network (CRMLN) has
assured the accuracy of these measurements forover 20 years using beta quantification (BQ) methed as refer-
ence measurement procedure (RMP) for high- and low-density lipoprotein cholesterol {HDL-C, LDL-C). Only lim-
ited data exist about the performance of the BQ RMP.

Methods: Bottom fraction cholesterol (BFC), HDL-C, and LDL-C results after ultracentrifugation from the CDClipid
reference laboratory and the Japanese CRMLN laboratory were compared using 280 serum samples measured
aver the past 15 years. Data were compared statistically using method comparison and bias estimation analysis.
Resuits: Regression analysis between CDC (x) and Osaka (y) for BFC, HDL-C, and LDL-C were y = 0.988x -+ 1.794
(R* = 0.997),y = 0.980x + 1.118 (R®> = 0.994),and y = 0.987x -+ 1.200 (R* = 0.997), respectively. The Osaka
laboratory met performance goals for 90% to 95% of the CDC reference values.

Conclusions: The BQ method by the Osaka CRMLN laboratory is highly accurate and has been stable for over
15 years. Accurate measurement of BFC is critical for the determination of LDL-C.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Increased concentrations of low-density lipoprotein cholesterol
(LDL-C) are associated with an increased risk for the development of
cardiovascular diseases (CVDs), especially coronary heart disease
(CHD) [1,2]. Other major risk factors include hypertension, diabetes
mellitus, smoking, and chronic kidney diseases {3,4}. Interventions to
decrease LDL-C levels can improve the risk of CVD and result in reduc-
tions in atherosclerotic lesions {5-8]. Because of the strong and positive

* Disclaimer: The findings and conclusions in this report are those of the authors and do
not necessarily represent the views of the Centers for Disease Control and Prevention.

* Corresponding author at: National Cerebral and Cardiovascular Center, Department of
Preventive Cardiology, Lipid Reference Laboratory, 5-7-1 Fujishirodai, Suita, Osaka 565-
8565, Japan. Tek: +81 6 6833 5004; fax: +81 6 6833 5300.

E-mail address: hp@nevegojp (M. )

htip:/idx.doiorg/10.1016/.cca2014.02.018
0009-8981/© 2014 Elsevier BV. All rights reserved.

association between LDL-C and CVD, 2013 ACC/AHA Guideline on the
Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardiovascu-
lar Risk in Adults {9}, the Third Report of the U.S. National Cholesterol
Education Program (NCEP) [ 10,11}, the European Atherosclerosis Socie-
ty {12}, and Japan Atherosclerosis Society Guidelines for the Prevention
of Atherosclerotic Cardiovascular Diseases 2012 [13] focused primarily
on LDL-C for the categorization and treatment of dyslipidemia. Thus,
measuring LDL-C has been the cornerstone of cardiovascular risk assess-
ment and prevention for the past decades.

The precise and accurate measurement of LDL-C is of particular im-
portance for correctly and consistently classifying individuals at risk
for CVD as outlined in clinical guidelines for subsequent treatment of
patients. The precision and accuracy of LDL-C measurements needed
to assure that appropriate patient care was established by the NCEP
[14}]. The beta quantification (BQ) procedure, which relies on ultracen-
trifugation (UC) to separate apo B lipoprotein (ape B) particles
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Table 1
Performance criteria applied to CRMLN lipid reference laboratory using BQ RMP.
Lipid Precision Accuracy
BFC V< 15% (CDC LDL-C reference value x 0.02 -+ HDL-C bias
vs.CDC)
{max = =2 mg/dL or 0.04 (HDL-C reference value)
if smaller]

HDL-C $D <1 mg/dl + CDC HDL-C reference value x 0.04
LDL-C CV<15% +CDC LDL-C reference value x 0.02

CRMLN: Cholesterol Reference Method Laboratory Network. BQ RMP: Beta quantification
reference measurement procedure,

CDC: US Centers for Disease Control and Prevention.

BFC: Bottom fraction cholesterol.

according to the hydrated density at d = 1.006, has been the
established reference measurement procedure (RMP) for HDL-C and
LDL-C [15,16}. BQ RMP performed at the U.S. Centers for Disease Control
and Prevention (CDC) and Cholestero} Reference Method Laboratory
Network (CRMLN) is considered the highest order RMP for this analyte.
For over 15 years, the National Cerebral and Cardiovascular Center at
Osaka, Japan has standardized their LDL-C BQ RMP through participa-
tion in the CRMLN. Members of the CRMLN are required to meet strin-
gent performance criteria for precision and accuracy to allow both
calibration and calibration verification of routine assays. Few reports
are available on the performance of BQ RMP.

Using data obtained between May 1997 and October 2012, the pre-
cision and accuracy for HDL-C and LDL-C as measured at the Osaka lab-
oratory were determined. We determined the fixed and/or proportional
bias and correlations between the CDC and Osaka laboratories, and
assessed factors that may affect results obtained with the BQ method
by verifying relationships among bottom fraction cholesterol (BFC) —
one major component of the BQ procedure, HDL-C, and LDL-C.

2. Material and methods
2.1. Materials

All materials were prepared according to Clinical Laboratory
Standards Institute (CLSI) document C37-A. This implies that no preser-
vatives or no additives were added. In this study, 67 different pool con-
centrations (lots) were used among the 280 survey samples provided
by the CDC as part of the CRMLN monitoring surveys. One lot (bq47)
was used 8 times over 2.5 years, which represented the longest period
any lot was used. All CDC survey pools were blinded to the CRMLN par-
ticipants. The pools were shipped frozen and stored at — 70 °C before
BQ analysis, and they were analyzed between May 1997 and October

2012 in 70 survey runs, with each survey run consisting of 3 to 5 differ-
ent pools.

Measurements were conducted in the Osaka Medical Center for Can-
cer and Cardiovascular Diseases between July 1997 and June 2001, in the
Osaka Medical Center for Health Science and Promotion between July
2001 and March 2012, and in the National Cerebral and Cardiovascular
Center at Osaka continuously since April 2012 (all laboratories are re-
ferred to as ‘Osaka laboratory').

2.2. Ultracentrifugation

BQ employs preparative ultracentrifuge (Beckman Coulter, Optima
L-70K) to remove the chylomicrons and very-low-density lipoproteins
(VLDL) of apo B-containing lipoproteins [17]. The methods at CDC and
Osaka used 5 ml of serum per sample at a density of d = 1.006 kg/L
(0.195 mol/L NaCL solution) and a 50.4 Ti rotor (Beckman Coulter) for
UC. UC was carried out at CDC for 16.2 hours at 120,000 xg, and 18 °C,
and at Osaka for 18.5 hours, 105,000 xg, and 18 °C. After UC, chylomi-
crons and VLDL in the top fraction (d < 1.006 kg/L) were removed and
the remaining bottom fraction (d > 1.006 kg/L) including high-density
lipoprotein (HDL), low-density lipoprotein (LDL), intermediate-
density lipoprotein (IDL), and lipoprotein(a) (Lp(a)) was quantitatively
transferred to a 5.00 mL volumetric flask and adjusted for volume with
0.15 mol/L NaCL solution {14,15). The total cholesterol in this bottom
fraction (BFC) was determined from one aliquot.

2.3. HDL-C precipitation

One mL aliquots of the apo B-containing lipoproteins in the bottom
fraction were precipitated with 40 pl heparin (sodium injection,
5000 USP units/mL, Baxter Healthcare Corp.) and 50 pl. manganese
reagents (manganese(ll) chloride solution, 1.00 mol/L £ 0.01 mol/L,
SIGMA). The precipitate was removed by centrifugation for 30 min at
1500 xg, 4 °C [18]. HDL-C was determined in the supernatant in dupli-
cate measurements by the Abell-Kendall RMP {18}, LDL-C was calculat-
ed as the difference between BFC and HDL-C. A total of 8 replicate values
per sample were obtained, and the mean of these replicates is used for
comparison of assay performance.

24, Performance criteria

Performance criteria applied to the CRMLN lipid reference laborato-
ries are summarized in Table 1. Because the LDL-C is the difference be-
tween BFC and HDL-C, the bias criterion for BFC was determined by
the allowable bias for LDL-C and HDL-C and was considered to be =+
the sum of the allowable HDL-C and LDL-C bias.

Table 2

Measurement performance of the CRMLN laboratory at Osaka determined with 280 pooled sera measured between May 1997 and October 2012 in 70 survey runs,
Statistical item BFC HDL-C LDL-C
Mean precision as %CV (SD) 060 (0.342) 1.01 {0.605) 0.85 {0.461)
Mean bias as % (SD) -~0.12 {0.853) 045 (1.708) --0.34 (1.148)
Pass rate for imprecision (N) 95.4% (267) 95.4% (267) 91.8% (257)
Pass rate for bias {N) 91.4% (256) 94.6% (256) 89.6% (251)
Absolute bias (%) 0.63 & 0.589 1.23 ;£ 1270 0.86 4 0.830
Bias in mg/dL (95% Cl) 0.34(0.14, 0.53) —0.186 (—0.26, —0.07) 049 (0.32, 0.66}

Limits of agreement in mg/dL —2.87103.54

Slope (95% CT) 0.988 (0.981, 0.995)
Intercept (95% CI) 1.794 (0581, 3.006)
Correlation coefficient as R* 0597

—1.76t0 143 0.31t0 066

0.980 (0,971, 0.989) 0.987 (0.980, 0.993)
1.118 (0.676, 1.560) 1.200 (0.388,2.011)
0.994 0.997

CRMIN: Cholesterol Reference Method Laboratory Network.
BFC: Bottom fraction cholesterol.



