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3.2. Homogeneous assay precision

The inter-assay CVs ranged from 0.18% to 0.47% and the intra-
assay CVs ranged from 0.10% to 0.39% for 2 pooled sera with low
and high LDL-C levels. The maximum total CV was 0.54%, which is
below the NCEP target value (4%) (Table S6).

3.3. Relationship between LDL-C (H) and LCL-C (BQ)

For each sample, we used averages of the triplicate determina-
tions of LDL-C (H). In non-diseased subjects, the median %differ-
ences between LDL-C (H) and LDL-(BQ) were close to zero in all the

reagents. Only a few results exceeded NCEP total error goals (12%)

Non-diseased Group

in most reagents except when Reagent-D and Reagent-G were used
(Fig. 1, the left panel).

In diseased subjects, Reagent-C, Reagent-D, Reagent-E, and
Reagent-F showed marked discordant results (Fig. 1, the right upper
panel). Such discrepancies were found mostly in the positive % bias
area where LDL-C (H) was higher than LDL-C (BQ). Note that
samples of type I and type Il hyperlipidemic subjects caused
marked discrepancies for most reagents. Without these data, % bias
was <20% in all samples for Reagent-A, Reagent-H, Reagent-I, and
Reagent-K (Table S7). We conducted the same analysis for subjects
with TG levels <6.78 mmol/L (600 mg/dL) or <4.52 mmol/L. In
these subgroups, discordant results with %bias >12% decreased for
Reagent-C, Reagent-E, and Reagent-F, whereas they were found
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Fig. 1. Box-and-wisker plots of the percent difference between LDL-C (H) and LDL-C (BQ) for non-diseased and diseased subjects Percent differences were calculated from the first
determined value of each reagent by the following equation: [LDL-C (H)-LDL-C (BQ)] x 100/LDL-C (BQ). Two samples from diseased subjects were excluded for Ortho’s reagent
because their values were below lower determination limit. A, Denka Seiken; B, Wako; C, Sysmex,; D, Serotec; E, Fureiya; F, Kyowa; G, Toyobo; H, Shino-Test; I, Sekisui Medical; J,
Ortho Clinical Diagnostics; K, Siemens Healthcare Diagnostics; L, Beckman Coulter (See Supplemental Table S1 for detail).
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across all TG levels for Reagent-D and Reagent-] (Fig. 1, the middle
and lower panels).

Scatter plots showed that LDL-C (H) for each reagent exhibited
a strong linear correlation with LDL-C (BQ) in both non-diseased
and diseased subjects. The slopes of the linear regression lines
were close to 1.0 for all but Reagent-] (Fig. 2, Table S8). In samples
with low LDL-C and high TG levels, LDL-C (H) was often higher than
LDL-C (BQ) especially for Reagent-C, Reagent-D, Reagent-E, and
Reagent-F. In particular, type I and III hyperlipidemia exhibited
discordant results for all but Reagent-G and Reagent-] (Fig. 2).

The % bias negatively correlated with LDL-C (BQ) for Reagent-B
and Reagent-E, but positively correlated for Reagent-] (Fig. 2).
Many discordant results were found across TG levels for Reagent-D,
but were limited for Reagent-C and Reagent-F in samples with low
LDL-C and high TG levels.

In addition to % bias plots, we drew the Bland-Altman plots
where X-axis represents the mean values of LDL-C (H) and LDL-C
(BQ), and Y-axis represents the absolute difference between LDL-
C (H) and LDL-C (BQ) (Fig. 3). Reagents-C, Reagent-D, Reagent-E
and Reagent-F exhibited greater absolute differences between
LDL-C (H) and LDL-C (BQ) than the others. In the patients with LDL-
C>6.0 mmol/L, the absolute bias varied among the reagents.

3.4. Total error for single measurements

We carried out this analysis using the first values in triplicate
determinations of LDL-C (H). In non-diseased subjects, all but
Reagent-D fulfilled the requirement in more than 90% of the
samples (Table 1), and 8 reagents reached the 95% level. In diseased
subjects, only one-third of reagents reached the 90% agreement.
These percentages increased when we re-analyzed samples with
TG levels < 6.78 mmol/L or <4.52 mmol/L.

3.5. Error component analysis

In non-diseased subjects, 9 reagents fulfilled the NCEP criteria.
The inter-assay CVs (CVy) were not more than 1.0% in 8 reagents
(Table 2). The maximum intra-assay CV (CV.) was only 1.1%.
Although CVy values were greater than CVy, and CV, values, CVy
values ranged from 3.2% to 7.0%. CV, values were very similar to CVq4
values. The mean % bias values were less than +1.0% except for
Reagent-D. Although we excluded one extreme outlier for Reagent-
G (Fig. 2, marked with a dotted circle), it did not meet the NCEP
criteria.

In diseased subjects, the results were worse than those in non-
diseased subjects, mainly because of sample-dependent discrep-
ancies between LDL-C (H) and LDL-C (BQ). CV, valués were less
than 1.0% except for Reagent-]. However, CVy4, which primarily
determines CV¢, showed marked differences among the reagents,
ranging from 4.7% to 10.0%. The mean % bias values were less than
+1.0% in half of the reagents and 1.6% at the most. Consequently, 4
reagents fulfilled the NCEP criteria.

3.6. Comparisons between LDL-C (H) and LDL-C (F)

We classified samples with TG levels <4.52 mmol/L into a low
TG [<2.26 mmol/L (200 mg/dL)] and a moderately elevated TG
(2.26 < TG < 4.52 mmol/L) groups [17]. LDL-C (F) levels were
calculated regardless of the fasting interval.

In the low TG group, LDL-C (F) reflected LDL-C (BQ) more
accurately than LDL-C (H) (Table S9). For all reagents, the coeffi-
cients of determination (R?) between LDL-C (BQ) and either LDL-C
(H) or LDL-C (F) were 0.99. Six LDL-C (H) and 2 LDL-C (F) exhibited
significant positive proportional bias against LDL-C (BQ). Further-
more, 6 LDL-C (H) and 3 LDL-C (F) exhibited significant positive
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fixed bias against LDL-C (BQ). As compared with CVD risk classifi-
cation with LDL-C (BQ), we misclassified 11%—23% of subjects with
LDL-C (H), and 6%—19% of the subjects with LDL-C (F).

In contrast, in the moderately elevated TG group, LDL-C (H)
reflected LDL-C (BQ) more accurately than LDL-C (F). R® values
between LDL-C (BQ) and either LDL-C (H) or LDL-C (F) were 0.99,
although they were 0.98 for Reagent-C and Reagent-E for LDL-C (F).
Seven LDL-C (H) and 11 LDL-C (F) exhibited significant positive
proportional bias against LDL-C (BQ). Furthermore, 5 LDL-C (H) and
all LDL-C (F) except for Reagent-A were positive for a fixed bias. We
misclassified 14%—34% of subjects with LDL-C (H), and 28%—45% of
subjects with LDL-C (F).

4. Discussion

This study indicates that LDL-C (H) are generally in good
agreement with LDL-C (BQ) for non-diseased subjects, except for
with Reagent-D and Reagent-J, but the performances of Reagent-C,
Regent-D, Reagent-E, Reagent-F, and Reagent-] are not as satisfac-
tory for diseased subjects. We found that 8 reagents met the NCEP
total error requirement for non-diseased subjects (Table 1). With
Reagent-C, Reagent-D, Reagent-E, and Reagent-F LDL-C (H) were
higher than LDL-C (BQ) for diseased subjects, especially those with
hypertriglyceridemia (Fig. 1).

Since there is no reliable method to determine the “correct”
LDL-C levels in pathological conditions, we used LDL-C (BQ) as
a reference for evaluation of LDL-C (H). Subjects with rare dyslipi-
demia and cholestatic liver disease were excluded because they
have very low LDL-C levels or abnormal LDLs [12—14]. Similar to
Miller’s study, our study showed that diseased subjects had greater
discordance between LDL-C (H) and LDL-C (BQ) than non-diseased
subjects [12]. Individual homogeneous assays have different
determination principles [20] (Table S1) and different reactivities to
lipoproteins [21-25].

In this study, the accuracies of Reagent-C, Reagent-D, Reagent-E,
and Reagent-F were more susceptible to hypertriglyceridemic
conditions (Fig. 1). Except for subjects with type I and IIl hyper-
lipidemia, Reagent-A, Reagent-H, Reagent-I, and Reagent-K were
marginally affected by hypertriglyceridemia (Fig. 1). Yamashita et al
determined LDL-C levels in dyslipidemic subjects by a homoge-
neous assay (Sekisui) and ultracentrifugation. LDL-C (H) showed
a positive mean % bias against LDL-C determined by ultracentrifu-
gation in any WHO phenotype. Difference in LDL-C between both
methods was the greatest in subjects with type I hyperlipidemia
(37.9%), and ranged from 5.2% to 20.2% for other types of dyslipi-
demia [24]. Subjects with type I hyperlipidemia had very low LDL-C
levels, yielding high % bias because of the small denominators. To
avoid potential misinterpretation of % bias plots, we also drew the
Bland-Altman plots using the absolute LDL-C values. They showed
that differences were overemphasized in low LDL-C samples
especially in Reagent-A, Reagent-F, Reagent-H, Reagent-I, Reagent-
K, and Reagent-L, and that Reagent-C, Reagent-D, Reagent-E, and
Reagent-F were more susceptible to hypertriglyceridemia than the
others (Fig. 3). All homogeneous assays have passed the “LDL-C
certification protocol for manufacturers” provided by the CDC [15].
Since discrepancies between LDL-C (H) and LDL-C (BQ) were found
mostly in hypertriglyceridemic subjects, the performance of
homogeneous assays should be examined with samples including
hypertriglyceridemic sera before approval.

Although TG levels increase in the postprandial state [26],
postprandial samples were not the main factor for discordance
between LDL-C (H) and LDL-C (BQ) for most reagents. Nearly half
of our diseased subjects were in the postprandial state. All
reagents except for Reagent-D had a few postprandial samples
whose % bias exceeded 20% (Table S7). This may be beneficial for
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Fig. 3. Bland-Altman plots of LDL-C (H) and LDL-C (BQ). The absolute bias was plotted against mean values of LDL-C (H) and LDL-C (BQ).

studies that recruit community residents or subjects with acute
coronary syndrome because they may not be fasted before blood
sampling [27,28]. A recent meta-analysis, using 8 long-term
prospective studies, recruited 44,234 participants without initial
CVD. The hazard ratio for coronary heart disease was calculated
for 1-SD higher LDL-C (H). After adjustment for conventional risk
factors, the hazard ratio was 1.38 (95% CI, 1.09-1.73) [29].
Meanwhile, Mora et al failed to show a relationship between LDL-
C (H) and CVD in their 11-year study involving 27,331 healthy
women [30]. Unfortunately, they used frozen serum for LDL-C
measurement by a homogeneous assay. The accuracy of LDL-C
(H) has not been verified for frozen samples. More studies are
required to clarify whether we can predict a risk of CVD with
LDL-C (H).

For future standardization of LDL-C (H), we have to reduce not
only the diversity in reactivity to LDL but also potential errors
related to calibration. Although LDL-C (H) showed strong linear
correlations with LDL-C (BQ) in the scatter plots, the slopes of their
regression lines varied among reagents (Table S8). The slope of
Reagent-] especially deviated from those of the others (Fig. 2).
Reagent-] uses calibrators whose LDL-C values were determined
with frozen reference material certified by the Reference Material
Institute for Clinical Chemistry Standards (ReCCS, Kawasaki, Japan).
Since ReCCS determines LDL-C levels of this material by the BQ
method, matrix effects of frozen serum probably caused consider-
able errors in LDL-C levels of Reagent-J’s calibrators. The other
manufacturers set the LDL-C levels of their calibrators using the BQ
method with fresh serum. Since calibrators’ LDL-C levels are

Table 1
Percentage of serum samples that met the NCEP total error requirement for a single LDL-C determination.
Subjects/TG range Reagent
A B C D E F G H [ ] K L
Non-diseased group (n = 49)
100.0 98.0 100.0 65.3 93.9 98.0 95.9 93.9 95.9 93.9 100.0 98.0
Diseased group
TG < 11.29 mmol/L (n = 124) 95.2 78.2 814 75.0 79.8 86.3 98.4 879 87.9 74.2 90.3 919
TG < 6.78 mmol/L (n = 115) 97.4 79.1 843 76.5 83.2 88.7 92.2 89.6 90.4 73.9 93.0 93.0
TG < 4.52 mmol/L (n = 107) 99.1 84.1 879 794 86.0 935 100.0 92.5 92.5 74.8 97.2 943
TG < 11.29 mmol/L w/o 96.7 793 83.5 76.3 80.1 87.6 91.7 89.3 89.3 75.2 92.6 933

Type 1 & 3 dyslipidemia (n = 121)

TG, triglyceride.

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

Diagnostics; L, Beckman Coulter.
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Table 2
Error component analysis.
Subjects/TG range Reagent
A B C D E F G H 1 ] K L
Non-diseased group {n = 49)
CVy, (%) 0.7 0.9 0.8 1.0 1.1 0.5 1.8 0.9 0.8 13 0.8 1.2
CV. (%) 0.5 0.6 0.5 0.6 0.5 04 1.1 0.6 0.5 1.1 0.6 09
CVq (%) 4.5 3.8 5.1 59 4.1 32 7.0 4.9 5.1 6.5 4.9 5.6
CV, (%) 4.6 4.0 52 6.0 43 33 74 5.0 5.1 6.7 5.0 5.8
Mean bias (%) 0.0 0.5 -0.3 1.8 0.7 0.6 -0.1 04 04 -0.5 -0.1 -0.3
TE (%), for greater of positive or negative limit 9.6 8.8 10.6 14.9 9.7 7.4 14.7 11.0 113 13.9 10.3 12.0
Diseased group
TG < 11.29 mmol/L (n = 124)
CVe (%) 0.6 0.5 0.6 0.7 0.7 0.5 0.9 0.6 0.6 1.5 0.7 0.8
CVq (%) 4.7 5.3 9.5 10.0 7.0 5.8 5.9 43 4.8 83 5.8 5.3
CV, (%) 438 5.4 9.6 10.1 7.1 5.8 6.2 49 49 8.5 5.9 5.5
Mean bias (%) 0.7 14 -0.7 1.6 1.2 13 -0.6 1.0 1.1 0.1 0.8 0.1
TE (%), for greater of positive or negative limit 10.8 13.0 203 243 16.7 13.8 12.2 11.5 115 18.7 134 11.7
TG < 6.78 mmol/L (n = 115)
CVe (%) 0.6 0.5 0.6 0.7 0.6 05 0.9 0.6 0.6 1.5 0.7 0.8
CVq (%) 43 4.2 7.0 7.7 6.2 53 4.7 4.6 4.6 84 52 5.1
CV, (%) 4.4 43 7.1 7.8 6.3 53 5.1 4.7 4.7 8.6 5.3 53
Mean bias (%) 0.6 14 -0.7 1.5 1.0 1.2 -0.6 1.0 1.0 0.2 0.6 0.1
TE (%), for greater of positive or negative limit 9.8 105 14.5 189 14.6 126 10.0 109 11.1 189 119 113
TG < 4.52 mmol/L (n = 107)
CV, (%) 0.5 0.5 0.6 0.6 0.6 0.5 0.9 0.6 0.6 1.6 0.7 0.8
CVq4 (%) 4.1 39 5.7 7.8 4.7 39 45 46 46 8.6 5.0 5.0
CV, (%) 4.2 4.1 58 7.9 49 4.0 4.9 4.7 4.7 8.9 5.1 52
Mean bias (%) 0.5 1.2 -0.8 14 0.8 1.0 -0.6 0.9 1.0 0.2 0.5 -0.0
TE (%), for greater of positive or negative limit 9.2 9.8 -11.7 18.8 11.1 9.3 -9.9 10.8 109 19.6 11.2 1.0
TG < 11.29 mmol/L, w/o Type 1 & 3 dyslipidemia (n = 121)
CVe (%) 0.6 0.5 0.6 0.7 0.7 0.5 0.9 0.6 0.6 15 0.7 0.8
CVq (%) 43 53 9.1 9.8 6.8 5.4 5.7 46 4.4 83 5.4 5.4
CV, (%) 4.5 54 9.2 100 6.9 5.5 6.0 4.7 4.6 8.5 5.5 55
Mean bias (%) 0.6 1.3 -0.8 14 1.0 1.1 -0.6 1.0 0.9 -0.1 0.6 -0.5
TE (%), for greater of positive or negative limit 9.9 12.9 19.2 23.7 15.9 12.8 12.2 10.8 10.6 18.6 123 11.6

TE, total error.

We assumed that the sources of error were mainly derived from CV, (inter-assay), CV, (intra-assay) and CVq (subject sample-specific effects). CV; reflects combined random

effects of CV},, CV. and CVy (See Table S4 for details).

We used all the data for this analysis except for 1 outlier from non-diseased group for Toyobo's reagent (Figs. 2 and 3, marked with dotted lines).

relatively low and standard curves are drawn by single point cali-
bration, a small difference in calibration is amplified in the deter-
mined LDL-C levels especially in the high LDL-C range. Ideally,
manufacturers should set LDL-C levels of their calibrators using
fresh serum and the BQ method.

In non-diseased and diseased subjects, our inter- and intra-
assay CVs were better than those in Miller’s study [12]. Probably,
some pre-analytical factors may have caused this discrepancy. For
example, we kept all samples below 4 °C and transported them
within 24 h. The interval between blood collection and LDL-C
determination was shorter in this study than in Miller's study
(within 48 h). In both studies, triplicate LDL-C determinations were
performed over 3 cycles (See “Methods” section). However, we
found neither carryover effects nor sample condensation during
triplicate determinations (Tables S2 and S3). Considering the
difference in the patient population of both studies, we can say that
homogeneous assays have satisfactory precision at least in subjects
with common disease and healthy subjects.

Our study has some limitations. First, LDL-C (BQ) contains some
inevitable intrinsic errors. The BQ method requires several manual
procedures highly dependent on technical skills [9,16]. In some
steps, such as transfer of samples to different tubes and cholesterol
extraction, 100% recovery is difficult. The inaccuracy of homoge-
neous assays is overestimated in samples with low LDL-C levels.
Second, error component analysis is based on the hypothesis that
the mean successive difference between LDL-C (H) and LDL-C (BQ)
is very small and continuous. However, it is hard for clinical studies
to fit this condition. In fact, there were only a few subjects in the
very low [12] or very high LDL-C ranges. Especially in those with

high TG range (>4.52 mmol/L), our samples failed to meet this
hypothesis. Therefore, patient-specific errors (CV4) tend to be
biased towards higher levels in this analysis. It is safe not to use CVy4
for absolute evaluations of certain reagents. In several homogenous
assays such as Reagent B, TE values were close to 12% (Table 2).
These reagents might have fulfilled the NCTEP TE goal if we had had
more samples with low LDL-C. For precise assessment of TE, we
need further studies with more patients with very low and very
high LDL-C concentrations.

" In summary, LDL-C (H) levels are in good agreement with LDL-C
(BQ) levels for non-diseased subjects, except for with Reagent-D
and Reagent-]. However, performances of 4 reagents (Reagent-C,
Reagent-D, Reagent-E, and Reagent-F) are not satisfactory for
diseased subjects, especially those with hypertriglyceridemia.
Differences in the calibration protocol remain an issue for the
standardization of LDL-C (H).
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Aim: High-sensitivity C-reactive protein (hs-CRP) identifies individuals at risk for cardiovascular dis-
ease (CVD) without an increased level of low-density lipoprotein cholesterol (LDL-C). The present
study was performed to compare hs-CRP and LDL-C in association with the cardio-ankle vascular
index (CAVI) in Japanese community dwellers considered to be at low risk for atherosclerosis from
their level of traditional CVD risk factors.

Methods: A community-based study involving 386 healthy Japanese (261 men and 125 women)
without a history of CVD and medications for hypertension, diabetes, and dyslipidemia was per-
formed. Multiple adjustments were performed with linear regression models to estimate the associa-
tion between CAVI and hs-CRP or LDL-C levels. The participants were divided into four groups on
the basis of whether they were above or below the median hs-CRP and LDL-C values, and CAVI was
compared among the four groups by analysis of covariance after adjusting for confounders.

Results: In multiple linear regression models, hs-CRP showed a significant positive association with
CAVI; however, no clear association was observed between CAVI and LDL-C. These results were
similar in the analyses among the participants with LDL-C <140 mg/dL or hs-CRP <1.0 mg/L.
CAVI was higher in the groups with high hs-CRP than in those with low hs-CRP, irrespective of
LDL-C; however, CAVI was highest in the group with high LDL-C and high hs-CRP.

Conclusions: The present study suggests that hs-CRP could be a better risk factor assessor for ath-
erosclerosis than LDL-C in individuals considered to be at low risk for atherosclerosis assessed by

their traditional CVD risk factors.
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ticipants with LDL-C <130 mg/dL, and hs-CRP
identified at-risk individuals with low LDL-C levels®.
Furthermore, a large-scale, randomized, clinical trial
(JUPITER) reported that lipid-lowering therapy
reduced incident CVD in individuals with elevated
hs-CRP who did not meet the criteria for lipid-lower-
ing drug therapy®. Thus, hs-CRP could be a useful
adjuvant guide for therapy to complement established
traditional risk factors such as dyslipidemia”.

Compared to the Western population, the Japa-
nese have been reported to have lower cholesterol lev-
els®. Moreover, CRP has been reported to be much
lower in the general population without a history of
CVD in Japan than in Western countries” '?. Thus,
whether such a low CRP level is still associated with
atherosclerosis in the Japanese general population with
low LDL-C should be investigated.

The cardio-ankle vascular index (CAVI) is a
novel arterial-stiffness parameter'" '?. The CAVI has
been demonstrated to be associated with CVD13),
and it is considered to be a good marker of atheroscle-
rosis'®.

Thus, a cross-sectional study, involving 386 Japa-
nese individuals without a past history of CVD and
who were free from medication for hypertension, dia-
betes, and dyslipidemia, was conducted to investigate
the relationships among LDL-C, hs-CRP, and CAVI

in a general population that was considered to be at

low risk for CVD.

Aim
The aim of the present study was to compare hs-
CRP and LDL-C levels in association with the CAVI
in Japanese community dwellers considered to be at

low risk for atherosclerosis from their level of tradi-
tional cardiovascular (CVD) risk factors.

Methods

Study Participants

Data from the baseline survey in the Kobe
Orthopedic and Biomedical Epidemiological study
(KOBE study) were analyzed. The KOBE study is a
population-based cohort study in which the endpoint
is considered worsening of quality of life or CVD risk
factors, such as hypertension, diabetes mellitus, and
dyslipidemia. Study participants were volunteers aged
40 to 74 years who were residents of Kobe city, one of
the major urban areas in Japan. The participants had
to meet the following criteria: 1) not currently on
medications for hypertension, dyslipidemia, and dia-

betes mellitus; and 2) no past history of CVD and

cancer. The participants were recruited by Kobe
municipal government, such as on websites and in
magazines, or by advertising in newspapers and by
posters or leaflets in public facilities, universities, and
companies in Kobe city. Written informed consent
was obtained from each participant. As part of the
baseline survey of this cohort study, CAVI was per-
formed in 403 individuals from July 2010 to October
2011. Of these, 17 participants were excluded because
of the following reasons: did not meet the study crite-
ria (n=12); triglyceride 2400 mg/dL (»=1); and hs-
CRP >10.0 mg/L (n=4). The remaining 386 indi-
viduals (261 men and 125 women) were included in
the present study.

The present study was approved by the Ethics
Committee of the Institute of Biomedical Research
and Innovation.

Data Collection and Standardization

Height and weight were measured while wearing
socks and light clothing, and body mass index (BMI)
was calculated as weight (kg) divided by height
squared (m?). The participants were asked to respond
to questionnaires about lifestyle-related factors, such
as medication, smoking (current smoker or not), and
alcohol consumption (current drinker or not).

Fasting blood samples (after fasting for at least
10 h) were obtained from all participants, and blood
samples were tested by one commissioned clinical lab-
oratory center (SRL Inc., Tokyo, Japan). Plasma glu-
cose, serum total cholesterol (TC), high-density lipo-
protein cholesterol (HDL-C), and triglyceride levels
were measured by enzymatic methods. Then, LDL-C
was calculated by Friedewald’s formula. Serum hs-
CRP was measured using a BN II nephelometer (Dade
Behring, Deerfield, IL, USA).

CAVI was measured using a VaSera CAVI instru-
ment (Fukuda Denshi Co. Ltd., Tokyo, Japan).
Briefly, cuffs were applied to the bilateral upper arms
and ankles with the participant lying in the supine
position. After a 5-min rest, the examination was per-
formed. CAVI was calculated by the following for-

mula:
CAVI=a {(2p/AP) xIn (Ps/Pd) PWV?} +b

where Ps is systolic blood pressure, Pd is diastolic
blood pressure, PWV is pulse wave velocity, AP is Ps~
Pd, p is blood density, and a and b are constants.
Scale conversion was performed to compare CAVI
with PWV (Hasegawa’s method). The VaSera is
equipped with both measurement and calculation sys-
tems and automatically calculated CAVI.
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Table 1. Characteristics of the participants

Men Women
Number of participants 261 125
Age (years) 619 63%8
BMI (kg/mz) 22827 209+2.4
Systolic blood pressure (mmHg) 128=15 12616
Diastolc blood pressure (mmHg) 84=9 7910
Heart rate (beat/min) S7+9 608
Serum total cholesterol (mg/dL) 205+29 23131
LDL-cholesterol (mg/dL) 12428 140+28
Fasting glucose (mg/dL) 93%13 886
HbAlc (%) 5.2+0.5 5.3%0.3
Current smoking (%) 10.7 1.6
Current alcohol drinking (%) 76.2 32.8
Hs-CRP (mg/L) 0.27 (0.05-4.03) 0.25 (0.05-5.38)
CAVI 8.1+0.9 8.0x1.1

BMI: body mass index; LDL-cholesterol: low-density lipoprotein cholesterol; hs-CRP: high sensitivity C-reactive protein.
Values are the mean = SD unless sepcified otherwise. Values of smoking and alcohol drinking are percentages.

Values of hs-CRP are the median (range).

Statistical Analysis

Sex-specific and sex-combined analyses were per-
formed. Multiple adjustments were performed with
linear regression models to estimate the association
between CAVI and hs-CRP (log-transformed) or
LDL-C level. Model 1 included sex, age, LDL-C, and
hs-CRP, and Model 2 included the variables in Model
1 plus systolic blood pressure, heart rate, BMI, HDL-
C, and fasting glucose. The adjusted coefficient of
determination (adjusted R?) was also calculated.

Furthermore, the participants were divided into
four groups classified by the combination of the medi-
ans for LDL-C and hs-CRP. Then, CAVI was com-
pared among the four groups by analysis of covariance
(ANCOVA) after adjustment for age, sex, systolic
blood pressure, heart rate, HDL-C, fasting glucose,
BMI, smoking, and alcohol drinking to investigate the
relationships between CAVI and the combinations of
LDL-C and hs-CRP.

All p values were two-tailed and the significance
level was set at p<0.05. The statistical package SPSS
15.0] for Windows (SPSS, Tokyo, Japan) was used to

perform these analyses.

Results

The mean age of the participants was 62+9
years, the mean LDL-C was 129 %29 mg/dL, and the
median hs-CRP was 0.26 (0.05-5.38) mg/L. The geo-
metric mean hs-CRP was 0.28 mg/L. The mean CAVI
was 8.1+ 1.0.

Table 1 shows the sex-specific characteristics of
the participants. The mean age was 61+9 years in
men and 63 =8 years in women. The mean LDL-C in
women was higher than the normal limit, but they did
not meet the criteria for lipid-lowering drug ther-
apy'”. The mean blood pressure and glucose level did
not meet the criteria for hypertension or diabetes mel-
licus'® 1.

The associations between CAVI and hs-CRP
(log-transformed) or LDL-C in multiple linear regres-
sion models are presented in Table 2 (sex-specific) and
Table 3 (sex-combined). In all models, hs-CRP
showed a significant positive association with CAVI.
In women, the standardized coefficient of hs-CRP was
the second largest next to age in Model 2. On the
other hand, no clear association was observed between
CAVI and LDL-C. Adding uric acid, smoking (current
or non-current), and alcohol drinking (current or
non-current) as independent variables, or substituting
waist circumference for BMI in Model 2 did not
change these results (data not shown). In sex-com-
bined analyses, the same analyses were performed in
the participants with LDL-C <140 mg/dL (z=253)
and in those with hs-CRP < 1.0 mg/L (n=347); the
results were similar (data not shown).

Table 4 shows the associations between CAVI
and the four groups classified by combinations of
LDL-C and hs-CRP. CAVI was higher in the groups
with high hs-CRP than in those with low hs-CRD,
irrespective of LDL-C levels. CAVI was highest in the
participants with high hs-CRP and high LDL-C, and
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Table 2. Association among CAVI, LDL-C and hs-CRP (log-transformed) in the multdiple linear regression models by sex

Men Women
Dependent variables Independent variables: CAVI Independent variables: CAVI
Coefficient 95%CI Stmdarfinzed p value Coefficient 95%CI 51‘;1(1d;1rfilzed p value
coefficient coefficient
Model 1
Age (years) 0.056 0.046-0.066 0.566 <0.001 0.072 0.053-0.092 0.542 <0.001
LDL-C (mg/dL) 0.001 -0.003-0.004 0.020 0.692 0.002 -0.004-0.007 0.044 0.553
Ln hs-CRP (mg/L) 0.111 0.020-0.202 0.122 0.017 0.181 0.036-0.326 0.183 0.015
R?=0.353 R*=0.371
Model 2
Age (years) 0.047 0.037-0.057 0.473 <0.001 0.068 0.047-0.088 0.507 <0.001
BMI (kg/m?) ~0.057 -0.093--0.021  -0.169 0.002 -0.047 -0.116-0.022 -0.107 0.176
Systolic blood pressure (mmHg) 0.011 0.005-0.018 0.186 0.001 0.011 0.000-0.021 0.158 0.049
Heart rate (beat/min) 0.006 -0.004-0.016 0.063 0.215 0.003 -0.017-0.023 0.024 0.756
Fasting glucose {mg/dL) 0.008 0.001-0.015 0.115 0.022 ~0.022 ~0.047-0.004 -0.126 0.103
HDL-C (mg/dL) ~0.005 -0.012-0.001 -0.084 0.115 -0.004 -0.015-0.006 -0.062 0.407
LDL-C (mg/dL) 0.001 ~0.002-0.004 0.029 0.550 0.002 -0.004-0.007 0.041 0.590
Ln hs-CRP (mg/L) 0.103 0.012-0.195 0.114 0.027 0.225 0.072-0.378 0.227 0.004
R¥=0.414 R*=0.392

BMI: body mass index; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; CAVI: cardio ankle vascular
index. 95%CI: 95% confidence interval. In hs-CRP: log-transformed high sensitivity C-reactive protein.

R* adjusted coefficient of determination.

Multiple adjustments were performed with linear regression models: Model 1 included age, LDL-C, and hs-CRP (log-transformed). Model 2
included variables in model 1 plus systolic blood pressure, heart rate, BMI, HDL-C, and fasting glucose.

lowest in those with low hs-CRP and low LDL-C. In
sex-combined analyses, the relationships between the
four groups and multivariate-adjusted CAVI were sig-
nificant. The results were similar when the same anal-
yses were performed in sex-combined participants

with CRP < 1.0 mg/L (n=347) (data not shown).

Discussion

In the present study, hs-CRP showed a signifi-
cant positive association with CAVI; on the other
hand, no clear association between LDL-C and CAVI
was observed. However, when CAVI was compared
among the four groups divided by the combination of
LDL-C and hs-CRP, the participants with high-LDL
and high hs-CRP showed the highest CAVI among
the four groups.

Both LDL-C and hs-CRP are associated with an
increased risk for CVD; however, in the Women’s
Health Study, almost half of the CVD events occurred
in participants with LDL-C <130 mg/dL, and hs-
CRP identified at-risk individuals with low LDL-C
levels®. A large-scale, randomized, clinical trial (JUPI-

TER) reported that lipid-lowering therapy reduced
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incident CVD in individuals with elevated hs-CRP
levels who did not meet the criteria for lipid-lowering
drug therapy®. From these results, individuals with
high LDL-C are naturally considered to be at high risk
for atherosclerosis; however, CRP is a candidate adju-
vant guide for the risk assessment of future atheroscle-
rosis or therapy in individuals without established tra-
ditional risk factors such as dyslipidemia®”. Thus, the
present study was performed to investigate whether
CRP could identify individuals at high risk for athero-
sclerosis in comparison with LDL-C in participants
who were considered to be at low risk from their tra-
ditional CVD risk factors including LDL-C. The par-
ticipants in the Women’s Health Study were naturally
considered to be at low risk for CVD because their
LDL-C was <130 mg/dL; however, the participants
in the present study might be even healthier than
those in the previous study. Not only the mean
LDL-C level in both sexes combined (129 mg/dL),
but also the mean blood pressure and glucose levels in
both men and women were considered to be within
normal levels in the present study, and BMI and hs-
CRP levels were higher in the previous study. In addi-

tion, the very low prevalence of smoking was one of
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Table 3. Association among CAVI, LDL-C and hs-CRP (log-transformed) in the multiple linear regression models in all participants

All participants

Dependent variables

Independent variables: CAVI

Coefficient 95%Cl Standardized coefficient p value
Model 1
Age (years) 0.061 0.052-0.070 0.555 <0.001
Sex (men) 0.196 0.023-0.368 0.095 0.026
LDL-C (mg/dL) 0.001 —0.002-0.004 0.037 0.392
Ln hs-CRP (mg/L) 0.138 0.061-0.216 0.148 <0.001
2=0.358
Model 2
Age (years) 0.053 0.043-0.062 0.481 <0.001
Sex (men) 0.194 -0.002-0.389 0.094 0.052
BMI (kg/m?) -0.052 -0.084--0.020 -0.148 0.002
Systolic blood pressure (mmHg) 0.011 0.005-0.016 0.168 <0.001
Hearrt rate (beat/min) 0.005 -0.004-0.014 0.050 0.239
Fasting glucose (mg/dL) 0.005 -0.002-0.012 0.058 0.172
HDL-C (mg/dL) -0.004 -0.010-0.001 -0.074 0.111
LDL-C (mg/dL) 0.001 -0.001-0.004 0.044 0.299
Ln hs-CRP (mg/L) 0.144 0.065-0.223 0.153 <0.001
2=0.399

BMI: body mass index; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; CAVI: cardio ankle vascular
index. 95%CI: 95% confidence interval. In hs-CRP: log-transformed high sensitivity C-reactive protein.

R adjusted coefficient of determination.

Multiple- adjustments were performed with the linear regression models: Model 1 included sex, age, LDL-C, and hs-CRP (log-transformed).
Model 2 included variables in model 1 plus systolic blood pressure, heart rate, BMI, HDL-C, and fasting glucose.

the characteristics of the present study (men 10.7%,
women 1.6%). Although the present study was cross-
sectional in design and the independent variable was
CAVI and not CVD events, the hs-CRP showed a
stronger association with CAVI than LDL-C.

The strength of the present study was that the
participants were a general population without a his-
tory of CVD and on no medication for hypertension,
diabetes, and dyslipidemia. Because healthy commu-
nity dwellers seldom visit hospitals to undergo exami-
nations for atherosclerosis, it is usually difficult to col-
lect data about the parameters for atherosclerosis in
relatively healthy individuals compared to patients.
Occupational health data could be a candidate to
investigate the present study question, but it might be
difficult to assess the participants’ atherosclerosis con-
dition because of the healthy worker effect®” or
younger age compared to the general population.

One of the problems of using hs-CRP as a risk
factor for atherosclerosis might be that hs-CRP could
increase in various conditions other than atherosclero-
sis. The American Heart Association and the Centers
for Disease Control (AHA/CDC) position paper sug-
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gests that CRP >10.0 mg/L might indicate the need
to consider an ongoing infectious or inflammatory
disease?". Accordingly, the data were analyzed after
the exclusion of participants with CRP =10 mg/L. In
addition, the same analyses were performed in partici-
pants with CRP <1.0 mg/L, who were considered to
be in a low-risk category for coronary artery disease
according to the recommendation by the AHA/
CDC?". In these analyses, the results were similar to
those in overall participants. Thus, low hs-CRP might
be associated with atherosclerosis, and hs-CRP screen-
ing could be useful to predict future CVD events from
the early stage of atherosclerosis, especially in individ-
uals without traditional CVD risk factors.

For LDL-C, a previous study also showed no
clear association between LDL-C and CAVI in a rela-
tively healthy general rural population without a his-
tory of CVD'¥; however, Miyashita e a/. reported
that ezetimibe improved CAVI in addition to lowering
LDL-C in type 2 diabetic patients, and the patients
with a high response to ezetimibe followed by achieve-
ment of the goal of LDL-C <120 mg/dL showed sig-
nificant improvement of CAVI?*?. They concluded
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Table 4. Combination of LDL-C and hs-CRP (below the median or the median and above) and CAVI

Combination of LDL-C and hs-CRP

LDL-C <median LDL-C 2 median LDL-C < median LDL-C > median 2 value
hs-CRP <median  hs-CRP < median hs-CRP > median hs-CRP 2 median
Men
Number of participants 75 55 56 75
CAVI (mean =SD) 7.9%0.9 8.0+0.8 8.2%0.8 8.2x0.9 0.035
CAVT (muldvariate-adjusted . v
mcan and 95%C1)* 8.0 (7.8-8.1) 8.0 (7.8-8.2) 8.1 (8.0-8.3) 8.2 (8.0-8.4) 0.215
Women
Number of participants 35 27 27 36
CAVI (mean=SD) 7.7%0.8 7.7%1.0 8.1%1.1 8.4x1.3 0.019
CAVI (multivariate-adjusted . o e n ,
mean and 95%CD* 7.8 (7.5-8.0) 7.8 (7.5-8.1) 8.1 (7.8-8.5) 8.3 (8.0-8.6) 0.053
Men and women
Number of participants (men %) 111 (74.8) 82 (56.1) 80 (82.5) 113 (58.4)
CAVI (mean = SD) 7.8+0.9 7.9%0.9 8.1+0.9 8.3x1.1 0.001
CAVI (mulcivariace-adjusted 79(7.88.1) 7.9(7.8-8.1) 8.1(7.9-8.2) 83(8.1-84)  0.003

mean and 95%CI)T

P value: p value of analysis of variance or analysis of covariance. SD: standard deviation.

hs-CRP: high sensitivity C-reactive protein. 95%Cl: 95% confidence interval. CAVI: cardio-ankle vascular index.

Median of LDL-C; men 122 mg/dL, women 141 mg/dL, men and women 127 mg/dL.

Median of hs-CRP; men 0.27 mg/L, women 0.25 mg/L, men and women 0.26 mg/L.

Multivariate-adjusted mean™: adjusted for age, systolic blood pressure, heart rate, fasting glucose, BMI, HDL-C, smoking (current or non-current),

and alcohol drinking (current or non-current).

Multivariate-adjusted mean ': adjusted for sex in addition to variables adjusted in the above model™.

that diabetic patients had shown high cholesterol
absorption and that ezetimibe might have the poten-
tial to ameliorate vascular stiffness through the inhibi-
tion of cholesterol absorption?”. Furthermore, Miyo-
shi ef al. have reported that CAVI was independently
associated with LDL-C in multivariate analysis among
individuals with significant coronary stenosis, defined
as 50% or greater luminal diameter narrowing assessed
by coronary angiography'. Thus, the relationship
between CAVI and LDL-C may be different among
high-risk participants, including patients with diabetes
or coronary artery disease, and low-risk participants.
In addition, in the present study, a tendency toward a
positive association between LDL-C and CAVI was
observed in women when the relationship between
CAVI and the tertile of LDL-C was evaluated,
although the relationship was not significant (data not
shown). Moreover, CAVI was highest in participants
with high hs-CRP and high LDL-C among the four
groups in the present study. According to Shirai ez al.,
hyperlipidemia per se does not immediately increase
arterial wall stiffness'?. After the accumulation of cho-
lesterol in the lipid pool, oxidative stress generates
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oxysterol, which is highly toxic and enhances inflam-
mation, followed by the onset of atherosclerosis; there-
fore, CAVI may increase under certain conditions in
dyslipidemia'?. Thus, hs-CRP might be a marker of
inflammation due to oxidative stress, and an associa-
tion between hs-CRP and arterial wall stiffness might
be observed in the present study. Thus, the association
between LDL-C and CAVI including hs-CRP remains
a future topic to be investigated, especially in further
combination with apolipoprotein B14 or oxidized
LDL-C*.

The present study had several limitations. First,
because it was a cross-sectional study, causality could
not be determined, and the results should be con-
firmed by future prospective studies. Second, hs-CRP
clevation might have been caused by discases other
than atherosclerosis, of which the participant was
unaware. Third, because the participants in the pres-
ent study were considered to be volunteers with high
health consciousness, application of the results in the
present study to the general population should be
carefully considered. Fourth, because CAVI is still a
new device for the assessment of atherosclerosis and
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the relationship with future CVD events has not been
sufficiently investigated in a prospective study, it is
unconfirmed that the relationships among hs-CRD,
LDL-C and CAVI reflect those among hs-CRP,

LDL-C and future CVD events in a healthy general
population.

Conclusions

In the cross-sectional study performed in an
urban Japanese general population who were consid-
ered to be at low risk for atherosclerosis without medi-
cation for hypertension, diabetes, and dyslipidemia,
hs-CRP was positively associated with CAVI; however,
no clear association between LDL-C and CAVI was
observed. Thus, the present study indicates that hs-
CRP could be a better risk factor for atherosclerosis
than LDL-C in individuals who seem to be at low risk
when assessed by established traditional CVD risk fac-

tors.
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