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those of the original FRS. The HRs of smoking and
DM for females were also higher than those of the
original FRS (2.59 and 3.22, respectively). The HR of
a TC between 200 and 239 for females was 0.58,
which was lower than that of the FRS. The HRs of

other variables were similar to those of the original
ERS.

Prediction Model Development and the Simplified
Prediction Model for Clinical Use

Table 3 shows the best Cox model for the Suita
cohort selected by a stepwise method with the total
cholesterol categories. (TC Suita score) The multivari-
able adjusted HR for the association between CHD
and Stage 3 CKD was 1.39 and that for Stage 4 and 5
CKD was 3.72, respectively. The HRs of the other
predictors were similar between the with CKD and
without CKD models.

Table 4 shows the best Cox model for the Suita
Score with CKD according to the cut-off levels of
LDL-C and HDL-C proposed in the Japan Athero-
sclerosis Society (JAS) Guidelines for the Prevention
of Atherosclerotic Cardiovascular Diseases 2012 3V
(LDL Suita Score). For convenient clinical use, we
developed prediction sheets based on the TC and LDL
Suita Scores (Table 5). The beta coefficients corre-
sponding to the Cox model were multiplied 10 times
for categorical covariates and were rounded. For the
age category, the midpoint of each category was multi-
plied by the B coefficients in Table 4, and then mult-
plied 10 times. We added all these values correspond-
ing to each individual risk, divided the number by 10,
and then the corresponding probability of CHD was
calculated from the equation: P=1~S(t) exp((sum of
the points)/10) where S(t) is the baseline survival
function of the Suita cohort.

The C-statistics of the LDL Suita Score with
CKD in Table 4, which corresponded to the AUC of
the Cox proportional hazard model, was 0.831. This
was very similar to the TC Suita Score shown in Table
3, which had a C-index of 0.835 (Table 6a). The like-
lihood ratio test was not conducted, since the categor-
ical variables were different and these two models were
not nested. The NRI between TC Suita Score with
CKD and the LDL Suita Score with CKD was not
significant (P=.0.256; Table 6b). These findings sug-
gest that the two models predicc CHD with similar
efficiency.

Validation of the Inclusion of CKD

The C-static of the Suita Score without CKD
was slightly lower than the Suita Score with CKD
(0.835 vs. 0.833). The comparison between the TC

— 253 —

Suita Scores with and without CKD suggested that
the addition of CKD improved the risk classification
of CHD by 40%. This suggested that the inclusion of
CKD in the risk prediction tool improves the predic-
tion of the development of CHD, making it a more
appropriate predictive tool.

Comparison of the Suita Score and Framingham
Risk Scores

Table 7a shows the model fit, C-staristics and
BIC of the Cox regression for the TC Suita Score, the
original FRS and the recalibrated score for the mean
value of each of the covariates. The TC Suita Score
with CKD showed the best goodness-of-fit by the
likelihood ratio test, and the C-statistics of the TC
Suita Score with CKD were also the highest. The BIC
was the lowest for the TC Suita Score with CKD,
which supported its better predictive ability. The
C-statistics were not changed by the recalibration of
the FRS. The C-statistics of the recalibrated FRS were
still smaller than the TC Suita Score with CKD.

The results of the clinical reclassification mea-
sured by the NRI are shown in Table 7b. The NRI for
the TC Suita Score with CKD compared to the origi-
nal FRS was 46.8% (P<0.001). In both the CHD
and non-CHD groups, the risk categories tended to
be increased by the TC Suita Score with CKD. The
NRI between the TC Suita Score with CKD and the
recalibrated model was lower (25.4%), burt the differ-
ence remained significant (P=0.003). These associa-
tions also held for the TC Suita Score without CKD,
the FRS and the recalibrated FRS.

Fig. 2 depicts the actual and predicted probabili-
ties of the 10-year risk of cardiac events by calibration.
The FRS consistently overestimated the cardiac events
in all quintiles. The overall 10-year calibration of the
FRS and recalibrated FRS were worse than the TC
Suita Score with CKD as determined by the Hosmer-
Lemeshow chi-square test (both p<0.001). The larg-
est difference between the actual rate and the pre-
dicted rate after recalibration was 13.9% (in the fifth
quintile in males), compared with the difference of
14.5% for the FRS. The difference between the actual
probability and the TC Suita Score with CKD was not
significant (P=0.18). The TC Suita Score with CKD
model underestimared the risk of CHD in the fourth
quintile, but the difference was only 2.2%. These
findings consistently indicated that the FRS overesti-
mates the CHD risk in the Japanese population.

Discussion

In this study, we demonstrated the predictive
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Table 3. The Cox regression coefficients for the Suita cohort adjusted for the original FRS variables
(TC Suita Score)

3a. TC Suita Score with CKD

B HR P-value 95% CI

Age, years 0.0766382 1.08 <0.001 1.06-1.10
Female -0.5866078 0.56 0.001 0.39-0.78
Smoking 0.4865127 1.63 0.002 1.20-2.21
DM 0.4557071 1.59 0.042 1.02-2.45
Blood Pressure

Optimal ~0.7183575 0.49 0.003 0.31-0.78

Normal and high normal Referent Reference Reference Reference

Stage I hypertension 0.3330895 1.40 0.055 0.99-1.96

Stage 1 hypertension 0.59332684 1.81 0.002 1.25-2.63
TC (mg/dD)

<160 -1.112393 0.33 0.008 0.14-0.74

160-239 Referent Reference Reference Reference

240-279 0.5110573 1.67 0.003 1.19-2.32

Over 280 0.8511397 2.34 0.002 1.36-4.04
HDL(mg/d})

<35 0.6173452 1.85 0.001 1.27-2.71

35-50 Referent Reference Reference Reference

50-59 =0.5096169 0.60 0.008 0.41-0.87

Qver 60 ~-0.4322771 0.65 0.022 0.45-0.94
CKD

Stage 3 0.3278965 1.39 0.035 1.02-1.88

Stage 4 or 5 1.315004 3.72 0.005 1.48-9.38
3b, TC Suita Score without CKD

B HR P-value 95% CI

Age, years 0.0806456 1.08 <.0001 1.07-1.10
Female -0.7401036 0.48 <.0001 0.35-0.66
Smoking 0.4527364 1.57 0.004 1.16-2.14
DM 0.424255 1.52 0.059 0.98-2.37
Blood Pressure

Optimal -0.7017837 0.50 0.004 0.31-0.79

Normal and high normal Referent Reference Reference Reference

Stage 1 hypertension 0.3607005 1.43 0.037 1.02-2.01

Stage I hypertension 0.6305927 1.87 0.001 1.30-2.72
TC (mg/dh

<160 ~1.073273 0.34 0.010 0.16-0.78

160-239 Referent Reference Reference Reference

240-279 0.5408852 1.71 0.001 1.23-2.40

Over 280 0.8678275 2.38 0.002 1.38-4.10
HDL(mg/dl)

<35 0.6742382 1.96 <.0001 1.35-2.86

35-50 Referent Reference Reference Reference

50-59 -0.5011838 0.61 0.009 0.44-0.93

Qver 60 -0.4464421 0.64 0.018 0.15-0.93

CKD, chronic kidney disease; TC, total cholesterol; LDL, low density lipoprotein; 95% CI, 95% confidence
interval; CKD, chronic kidney disease; HR, hazard ratio; all other abbreviations are the same as in Table 1. The
gender difference was incorporated into the model as a covariate to improve the predictability of the model.
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Table 4. The LDL Suita Score with CKD model according to the JAS Guideline 2012 LDL/HDL
cut-off (n=5,727) (LDL Suita Score)

4a. The LDL Suita Score with CKD

B HR Pvalue 95% ClI

Age, years 0.0760078 1.08 <0.001 1.06-1.10
Female -0.6619839 0.52 <0.001 0.36-0.74
Smoking 0.5031949 1.65 0.002 1.20-2.28
DM 0.5533678 1.74 0.031 1.05-2.88
Blood Pressure

Optimal -0.6763825 0.51 0.005 0.32-0.82

Normal and high normal Reference Reference Reference Reference

Stage I hypertension 0.4189501 1.52 0.019 1.07-2.16

Stage 1 hypertension 0.5935986 1.81 0.001 1.22-2.68
LDL (mg/dD)

<100 Reference Reference Reference Reference

100-140 0.5319015 1.70 0.039 1.03-2.81

140-160 0.6837867 1.98 0.015 1.14-3.43

160-180 1.021015 2.78 <0.001 1.57-4.91

Over 180 1.128479 3.09 <0.001 1.69-5.66
HDL(mg/dl)

<40 Reference Reference Reference Reference

40-59 -0.4730423 0.62 0.005 0.45-0.87

= 60 ~-0.5822414 0.56 0.007 0.37-0.85
CKD

Stage 3 0.2893668 1.34 0.071 0.98-1.83

Stage 4dor5 1.388216 4.01 0.008 1.43-11.25

4b, The LDL Suita Score without CKD

B HR Pvalue 95% CI

Age, years 0.0795083 1.08 <0.001 1.06-1.10
Female -0.804252 0.45 <0.001 0.32-0.62
Smoking 0.4642934 1.59 0.004 1.16-2.19
DM 0.3955565 1.48 0.106 0.91-2.40
Blood Pressure

Optimal -0.6602255 0.52 0.006 0.32-0.83

Normal and high normal Reference Reference Reference Reference

Stage 1 hypertension 0.4467296 1.56 0.012 1.10-2.21

Stage I hypertension 0.6256262 1.87 0.002 1.27-2.76
LDL (mg/dD

<100 Reference Reference Reference Reference

100-140 0.5040579 1.66 0.049 1.00-2.74

140-160 0.664678 1.94 0.017 1.57-4.90

160-180 1.01949 2.77 <0.001 1.73-4.90

Over 180 1.151674 3.16 <0.001 1.73-5.80
HDL (mg/d

<40 Reference Reference Reference Reference

40-59 -0.479899%4 0.62 0.004 0.45-0.86

2 60 -0.6092216 0.54 0.005 0.36-0.83

JAS Guideline 2012, Japan Atherosclerosis Society(JAS) Guidelines for Prevention of Atherosclerotic Cardiovas-
cular Diseases 2012; CKD, chronic kidney disease; LDL, low density lipoprotein; 95% CI, 95% confidence
interval; CKD, chronic kidney disease; HR, hazard ratio; all other abbreviations are the same as in Table 1.
Stage 3 and Stage 4 or 5 CKD were defined by estimated GFR levels of 30-60 ml/min/1.73 m? and less than 30
ml/min/1.73 m?, respectvely.
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Table 5. The prediction score sheets for the TC and LDL Suita Score

3a. The TC Suita Score

5b. The LDL Suita Score

Risk Factor

Risk Factor

Variable Score
Age (years)
36-45 30
46-55 39
56-63 46
>65 58
Female -6
Current smoker 5
DM ° Predicted Probability of
Blood pressure CHD in 10 vears
Optimal blood pressure =7 e
Stage I hypertension 3 Total Score  Probability
Stage 1T hypertension 9 (%)
TC (mg/dD <30 <1
<160 -11 3135 1
240-279 5 36-40 )
> 280 » 41-45 4
(HD i‘;g’g ) ‘ 46-50 6
) 51-55 10
2059 - 56-60 15
. > 60 - 261 24
CKD
Stage 3
Stage 4 or 5 15
Total Score A

Variable Score
Age (years)
35-44 30
45-54 38
55-64 45
65-69 51
270 53

Female -7

Current smoker ° Predicted Probability of

DM . .

Blood pressure CHD in 10 years
Optimal blood pressure =7 Total Score  Probability
Stage I hypertension 4 (%)

LDif@z{g;:ql}di‘;ypertexlsicll 6 <35 <1
<1 06’ 0 36-40 1

41-45 2
100-139 5
~ 46-50 3
140-159 7 5155 5
160-179 10 ) J
56-60 9
=180 11 61-65 4

HDL (mg/dD) 6670 2
<40 0
40-59 -5 >71 >28
> 60 -6

CKD 0
eGFR>60
Stage 3 14
Stage 4 or 5

Toral Score A

The estimated risk for CHD over a period of 10 years based on the Suita cohort experience at baseline. The summation of the risk factor category
points yields the total score. JAS Guideline 2012, Japan Atherosclerosis Society (JAS) Guidelines for the Preventon of Atherosclerotic Cardiovascu-
lar Diseases 2012. LDL cholesterol was derived by Fridewald’s equation. Those who had wriglycerides >400 were omitted from the calculation.

ability of newly developed coronary prediction algo-
rithms for Japanese subjects developed in the manner
of the FRS. Our findings can be summarized as fol-
lows: 1) the risk profile for CHD of a Japanese popu-
lation was considerably different from that of the orig-
inal Framingham Heart Study cohort; 2) The predic-
tion of CHD obtained with the risk score based on
the Suita cohort with CKD variables was superior to
that of the FRS or recalibration of the FRS; 3) Clini-
cal reclassification revealed that the FRS overestimates
the CHD risk in the Japanese population.

First, the risk profile of the Suita cohort proved
to be considerably different from that of a Western
population. The crude incidence rate of CHD in the
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original Framingham Cohort was 8.94 per 1000 per-
son-years, while that of the Suita cohort was only 2.81
per 1000 person-years. The risks of hypertension, low
HDL-C for males, and diabetes and smoking for
females, in the Suita cohort were weighted higher than
the risks in the Framingham cohort. This difference
between the Suita and the Framingham cohorts con-
stitutes a major concern for the application of the FRS
in Japanese subjects, where the lower CHD incidence
and different risk factor levels were observed 3.
Second, the discriminatory capability of the TC
Suita Score with CKD is better than those of the orig-
inal and recalibrated FRS. Although recalibration with
the mean value of the risk factors and baseline survival
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Table 6. Validation of the inclusion of CKD in the TC Suita Score and LDL Suita Score

6a.
Model Log Likelihood LR test, p-value C-statistics BIC
TC Suita Score with CKD -1610.8 referent 0.835 3233.3
TC Suita Score without CKD -1618.1 0.013 0.833 3238.5
L.DL Suita Score with CKD -1510.1 referent 0.831 3365.6
LDL Suita Score without CKD -1513.6 0.032 0.829 3414.5
6b.
Model TC Suita Score LDL Suita Score LDL Suita Score
with CKD with CKD with CKD
Reference Model TC Suita Score 1.DL Suita Score  Suita cohort model
without CKD without CKD with CKD
Cases Reclassified Downward (%) 16.7 48.1 48.8
Reclassified Upward (%) 83.3 51.9 51.2
Non Cases Reclassified Downward (%) 36.7 26.1 43.8
Redlassified Upward (%) 63.3 73.9 56.2
Category-free NRI(%) 40.0 43.9 10.1
P-value <0.001 <0.001 0.256

6a, Comparison of the C-index , LR test and BIC results demonstrating the discrimination for CHD prediction models based on
the Suita Score with and without CKD, the FRS and the FRS calibrated for the means of the Suita cohort. Log likelihoods were
derived from the multivariate adjusted Cox proportional hazard model.; CKD, chronic kidney disease; FHS, Framingham Heart
Study; LR test, likelihood ratio test; BIC, Bayesian information criteria

6b, Comparison of the FRS and Suita Scores and the corresponding reclassification rate for the prediction of CHD events during

a 10-year period;. NRI, net reclassification improvement

functions for the study cohort improved the discrimi-
natory capability for various ethnic groups in the U.S.,
China and the CKD population® > 9, the recalibra-
tion did not improve the discriminatory capability in
Japanese subjects. We believe this is probably due to
the low incidence of CHD in Japan compared to
Western and Chinese populations®™. The relative risks
of various factors were similar between Suita Study
cohort and the Framingham cohort. Therefore, the
difference between the two prediction tools heavily
depends on the difference in the absolute risks
between these two cohorts. Accordingly, the clinical
reclassification pointed out that the FRS overesti-
mated the risk of CHD in Japanese subjects, especially
in the non-CHD group, since the baseline survival
function, which was higher than that in the original
FRS, affected the estimated risk in an exponential
manner and the overestimation was more severe in the
high risk groups.

Furthermore, we found that CKD is an indepen-
dent risk factor for CHD after adjusting for other pre-
dictors of the FRS. The cohorts in the Framingham
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Heart Study and the Offspring study showed no sig-
nificant association between the presence of kidney
disease and the incidence of CVD?® although some
collaborative analyses showed positive associations'”*”.
Our result is essentially compatible with that of Wein-
er’s study, which reported the HRs of CKD after
adjustment of the FRS for whites and blacks®®. No
previous study has dealt with this association for Asian
ethnicity as an additional covariate in the prediction
tool, although many cohort studies in Japan have
demonstrated a significant association between CKD
and cardiovascular disease®® %

Finally, we developed a simple prediction sheet
for the estimation of CHD based on the TC and LDL
Suita Score. For the exact estimation, the beta-coeffi-
cient from the TC and LDL Suita Score are preferable.
However, the calculation requires computational
power, and the more simplified tool is as effective in
the clinical setting as the original FRS, since both the
models use beta coefficients and a simplified clinical
score.

The incorporation of CKD yields limited
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Table 7. A comparison of the predicted risks in models based on the Framingham risk score and Suita Score with

and without CKD
7a.
Model Log Likelihood LR test, p-value C-statistics BIC
TC Suita Score with CKD -1610.8 referent 0.835 3233.3
TC Suita Score without CKD -1618.1 0.013 0.833 3238.5
Original Framingham Score - 1678.5 <0.001 0.768 3365.6
Recalibrated Framingham Score -1702.9 <0.001 0.740 3414.5
7b.
Model TC Suita Score TC Suita Score  TC Suita Score  TC Suira Score
with CKD with CKD without CKD without CKD
Reference Model Original Recalibrated Original Recalibrated
Framingham Framingham Framingham Framingham
Score Score Score Score
Cases Reclassified Downward (%) 42.0 50.0 42.8 49.3
Reclassified Upward (%) 58.0 50.0 57.2 50.7
Non Cases Reclassified Downward (9%6) 65.4 63.1 65.4 63.2
Reclassified Upward (%) 34,6 36.9 34.6 37.0
Category-free NRI(%) 46.8 25.4 45.3 27.5
P-value <0.001 0.002 <0.001 0.001

7a, Comparison of the C-index, LR test and BIC results demonstrating the discrimination for CHD prediction models based on
the Suita Score with and without CKD, the FRS and the FRS calibrated for the means of the Suita cohort. The log likelihoods
were derived from the multivariate adjusted Cox proportional hazard model,; CKD, chronic kidney disease; FHS, Framingham
Heart Study; LR test, likelihood ratio test; BIC, Bayesian information criteria

7b, A comparison of the FRS and Suita Scores and the corresponding reclassification rate for the prediction of CHD events dur-
ing a 10-year period;. NRI, net reclassification improvement

Fig.2. The ten-year prediction of CHD
events in the Suita study using the TC
Suita Score with CKD

A graphical representation of the actual 10-year
risk of cardiac events in the Suita cohort, along
with the predicted risk and the Framingham risk
function with and without recalibfation for the
means of the Suita cohort stratified by the quintile
of predicted risk in the Suita cohort. The Suita
participants were divided into quintiles of 10-year
CHD risk predicted by the Suita score functions
with CKD in Table 3. In each quintile, the mean
predicted 10-year probabilities and actual proba-
bilities were estimated. The Suita Score, the Suita
Score with CKD shown in Table 3. FRS, Fram-
ingham risk score. CHD, coronary heart disease.

en yeal pfbbability ofa CHD event (%)
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improvement in the predictive capability in terms of
C-statistics. However, the NRI and IDI showed
marked improvement by the incorporation of CKD,
which is a more clinically relevant index for prediction
improvement. These two methods are becoming more
popular and widely used in cardiovascular medicine® "
For example, incorporating the homocysteine level
into the FRS was evaluated by the NRI*?, since the
inclusion of a new biomarker to the existing CHD
risk score changed the predictability of events in a very
marginal manner (less than 0.01 of the AUC)*, and
an enormously large odds ratio is needed for signifi-
cant improvement™ %, Clinicians currently do not
have a tool for evaluating the CHD risk of patients
with CKD but with relatively few other risk factors.
These patients might be misjudged as having a very
low risk. :
Recently, an individualized risk prediction tool
including more diverse risk factors increased 43%
AMI and Strokes at the same cost®. Therefore, we
believe that the inclusion of CKD in the prediction
score is necessary and effective for populations at high
risk for CHD. Currently, there are estimated to be
more than 11 million CKD patients in Japan*”, and
people have little doubt that CKD has a major impact
on the population’s health.

Our population had higher risks for developing
CHD compared to other Japanese cohorts. The Suita
cohort population was selected from an urban popula-
tion, in contrast to the majority of other cohorts in
Japan, which have been selected mainly from rural
populations. Because approximately 66% of the Japa-
nese population lives in urban areas according to 2006
Japanese Census*®, this is an important feature of our
analysis. Interestingly, the JMS cohort and JALS
reported that the crude incidence of AMI was 0.68
and 0.60 per 1000 person-years, respectively!’ !4 1>,
On the contrary, the crude incidence of AMI in the

Suita study was 1.40°”. These findings may suggest -

that there is a large difference in the incidence of
CHD between rural and urban areas in Japan. Thus,
our tool is more useful for predicting the risk in
urbanized populations with a higher risk of CHD.
Our study is associated with several limitations.
First, the single assessment of risk factors at the base-
line survey may have led to a regression dilution
bias®). Second, the response rate of the original cohort
was 53.1% (6,825/ 12,200) although the participants
were randomly selected from the population of Suita
city. In addition, based on the urbanized nature of the
study population, it may not be possible to apply this
tool in the whole Japanese population. However, since
the outcome of the Suita study was the development
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of CHD, we believe that this tool can be a comple-
ment to the NIPPON DATA 80 risk score adopted in
the JAS 2012 guidelines'”, in which the outcome was
CHD mortality. The external validation of our score
must be evaluated in other cohort studies, although a
lack of external validation is a common problem with
the existing Japanese risk prediction tools, including
the NIPPON DATA 80, JALS, JMS cohort and
Hisayama study. Considering the increasingly West-
ernized lifestyle in urban areas®?, these tools should be
re-evaluated using a consortium of cohort studies,
which include both urban and rural areas, such as the
Epoch-Japan study group®®.

Very recently, the new AHA/ACC Guideline on
the Treatment of Blood Cholesterol recommended the
use of the new Pooled Cohort Equations to estimate
the 10-year CHD risk in both white and black males
and females, aged 40-75 years, and the FRS is no lon-
ger used for risk assessment”®. However, this guideline
is known to inaccurately estimate the CHD risk for
Asians, Therefore, the value of the Suita Score for Jap-
anese subjects and other low risk Asian populations is
still superior to other systems.

Third, besides CKD, new biomarkers that can
predict the CHD risk are emerging” > *. However,
our study could not access their importance as have
other existing prediction tools for Japanese subjects.
For, example, the QRISK included rheumatoid arthri-
tis, atrial fibrillation and the BMI. These relatively
common, but not classic, cardiac risk factors must also
be evaluated in future studies.

In conclusion, for Japanese subjects, the Suita
prediction score with the CKD category resulted in
better CHD prediction than the original and recali-
brated FRS.
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Primary hyperchylomicronemia
*Shizuya Yamashita
"Department of Community Medicine, *Department of Cardiovascular Medicine,

Osaka University Graduate School of Medicine

Abstract

Primary hyperchylomicronemia is characterized by a marked hypertriglyceridemia due
to an increase in chylomicrons, which may cause acute pancreatitis and eruptive xantho-
mas. This entity includes familial lipoprotein lipase (LPL) deficiency, familial apolipopro-
tein C~1II deficiency, primary type V hyperlipoproteinemia, and idiopathic hyperchylomi-
cronemia. Idiopathic hyperchylomicronemia is caused by an LPL inhibitor or autoantibody
against LPL. More recently, patients with primary hyperchylomicronemia caused by
mutations in the gene for glycosylphosphatidylinositol —anchored high density lipoprotein—
binding protein 1(GPIHBP1) or lipase maturation factor 1(LMF1). For the treatment of
primary hyperchylomicronemia, a strict restriction of dietary fat is essential to avoid acute
pancreatitis.

Key words: primary hyperchylomicronemia, familial lipoprotein lipase deficiency, famil-
ial apolipoprotein C-II deficiency, glycosylphosphatidylinositol—anchored high density

lipoprotein ~binding protein 1(GPIHBP1), lipase maturation factor 1(LMF1)
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Aém: Small intestine-derived chylomicrons and chylomicron remnants, which are predominant in
patients with postprandial hypertriglyceridemia, chylomicron syndrome and/or familial dyslipid-
emia, carry one molecule of apolipoprotein B-48 (apo B-48) per lipoprotein particle. We investigated
the reference interval for the apo B-48 concentration.

Methods: We studied 516 individuals who provided written informed consent and confirmed that they
wete not taking any medications. BMI, waist circumference, blood pressure and the fasting serum concen-
trations of LDL-C, triglyceride (TG), HDL-C and apo B-48 were measured. The Apo B-48 concentra-
tions were compared according to sex, a pre- or postmenopausal status, dyslipidemia (LDL-C > 140 mg/
dL, TG 2150 mg/dL, HDL-C <40 mg/dL), metabolic syndrome (MetS) and the number of risk factors.
Results: The fasting apo B-48 concentrations (mean = SD) were significantly higher in men than in
women (3.8%3.3 ug/mL vs 2.4+ 1.9 pg/mL, p<0.001), subjects with a BMI of 225 kg/m® versus a
BMI of <25 kg/m* (4.4+3.7 pg/mL vs 2.8+2.4 pg/ml, p<0.001) and those with versus without
MetS (6.5+4.3 pg/mL vs 3.022.6 pg/mL, p<0.001). High apo B-48 concentrations were also
observed in correlation with the number of risk factors for the MetS. The upper reference limit of
apo B-48 was estimated to be 5.7 pg/mL among the 332 patients with normolipidemia, excluding
those exhibiting a mean value above +2.58 standard deviations (SDs), as the mean and range of
mean = 1.96 SD were calculated to be 2.04 pg/mL (reference value) and 0.74 to 5.65 pg/mL (ref-
erence interval), respectively.

Conclusions: Based on our study of normolipidemic patients, the upper reference limit for the fast-
ing apo B-48 concentration is estimated to be 5.7 pg/mlL.

J Atheroscler Thromb, 2014; 21:000-000.
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are serious causative factors of cardiovascular events
and sudden cardiac death?. An increased serum tri-
glyceride (TG) concentration results from the accu-
mulation of TG-rich lipoproteins (TRLs), particularly
after a meal. Postprandial hyperlipidemia refers to the
occurrence of a high TG concentration after a meal,
which is known to be significantly associated with
the development of atherosclerotic cardiovascular dis-
ease” ¥. TRL contain two types of apolipoprotein
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(apo) B, apo B-100 derived from the liver and apo
B-48 derived from the small intestine®.

Chylomicrons (CMs) are synthesmed from apo
B-48, TG and cholesterol ester in small intestinal cells
following the ingestion of lipid-rich foods. After being
released into the peripheral blood, CMs are metabo-
lized into smaller remnant particles, CM-remnants, by
lipoprotein lipase (LPL) attached to the peripheral
vascular wall and taken up by the liver. Apo B-100, a
major component of very-low-density lipoprotein
(VLDL) is produced in the liver. VLDL is also reduced
to smaller VLDL-remnants (or intermediate-density
lipoprotein, IDL) by the actions of LPL in the periph-
eral blood. These remnant particles (CM-remnants
and VLDL-remnants) directly infiltrate the vascular
wall, subsequently triggering the development of ath-
erosclerotic disease via accelerated macrophage foam
cell formation, platelet coagulation and small dense
LDL accumulation, as well as the induction of a low
concentration of high-density lipoprotein (HDL) cho-
lesterol (HDL-C)?.

A number of remnant cholesterol assays have
been developed and are currently being used to evalu-
ate the risks of atherosclerotic diseases, such as cardio-
vascular disease (CAD)%®. However, these methods
cannot be used to accurately discriminate small intes-
tine-derived CM-remnants from liver-derived VLDL-
remnants; therefore, the development of a new assay
system is required in order to quantitatively measure
the CM-remnant concentration independently. Since
one CM-remnant particle contains one apo B-48 mol-
ecule and the concentration of apo B-48 is equivalent
to that of CM-remnants, we developed a new assay
system for measuring the apo B-48 concentration.
First, we prepared an enzyme-linked immunosorbent
assay (ELISA)? for use on a fully automated analyzer
system based on the chemiluminescent enzyme immu-
noassay (CLEIA)!'?. Remnants are usually metabolized
immediately; however, the apo B-48 concentration
remains elevated due to increased food-derived lipid
intake, accelerated TRL synthesis and/or delayed TRL
catabolism.

The half-life of the CM particles produced fol-
lowing the ingestion of fat is approximately 30 min-
utes in the peripheral blood, although the measurable
concentration of apo B-48 proteins remains under a
fasting condition due to the large amount of lipid
absorption and CM production in the small intestine.
Therefore, the fasting apoB-48 concentration is corre-
lated with an increase in the TG level following the
consumption of a high-fat meal, implying that the
fasting apo B-48 concentration is a marker of post-
prandial hyperlipidemia'?. High apo B-48 concentra-
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tions are usually observed in patients with type I
hyperlipidemia”, metabolic syndrome (MetS)'?, type
ob hyperhpldemxa”) or CD36 deficiency . However,
the reference interval for the apo B-48 concentration
in healthy fasting individuals has not yet been estab-

lished.

Aim
In this study, we attempted to establish the upper
reference limit and reference interval for the fasting
apo B-48 concentration in individuals with normolip-
idemia.

Subjects and Methods

Subjects

The subjects of this study included 516 individu-
als who received their annual health checkup and were
not taking any medications. The study was carried out
under the approval of the Osaka University Health
Care Center and Saint (St.) Marguerite Hospital, and
all participants provided their written informed con-
sent. The institutional ethics committees of both facil-
ities approved the research protocol. After confirming
the lack of a significant adverse medical history known
to affect lipoprotein or carbohydrate metabolism, vari-
ous anthropometric parameters, including height,
body weight and waist circumference were obtained
and the body mass index (BMI, body weight [kg]/
height [m]?) was calculated. Blood samples were col-
lected in the morning after overnight fasting. The
serum samples were then separated via low-speed cen-
urifugation and stocked at =80C until the analyses.
All specimens were handled according to the protocols
of the Helsinki Declaration.

Measurements

Blood pressure (BP) was measured in the sitting
position. Hypertension was diagnosed based on a sys-
tolic BP of 2140 mmHg and/or a diastolic BP of 290
mmHg. A high BP status was determined based on a
systolic BP of 2130 mmHg and/or a diastolic BP of
285 mmHg (according to the guidelines for the man-
agement of hypertension issued by the Japanese Soci-
ety of Hypertension). The serum TG concentration
was measured according to an enzymatic method, and
the LDL-cholesterol (LDL-C) and HDL-C levels were
measured using direct methods. We identified cases of
dyslipidemia and normolipidemia based on the diag-
nostic criteria for dyslipidemia of the Japan Athero-
sclerosis Society: (a) an LDL-C level of 2140 mg/dL,
(b) a TG level of 2150 mg/dL, (c) an HDL-C level of
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<40 mg/dL (according to the guidelines for the diag-
nosis and prevention of atherosclerotic cardiovascular
disease for the Japanese)'”. Abnormal factors were
summarized in the patients with dyslipidemia. The
fasting plasma glucose (FPG) concentration was mea-
sured according to the hexokinase UV method, and
the hemoglobin Alc (HbAlc) (JDS) level was mea-
sured according to the latex agglutination method. A
high fasting glucose level was defined as an FPG of
2110 mg/dL, according to the criteria of the Japan
Diabetes Society. MetS was diagnosed based on the
criteria of the Japanese Society of Internal Medicine'?,
namely, a waist circumference of 285 cm in men and
290 cm in women combined with at least two of the
following factors: (a) a high BP status and hyperten-
sion (a systolic BP of 2130 mmHg and/or a diastolic
BP of 285 mmHyg), (b) abnormal lipid metabolism (a
TG level of 2150 mg/dL and/or an HDL-C level of
<40 mg/dL), (c) high fasting glucose (an FPG level of
2110 mg/dL). Cardiac risk factors were summarized
in cases of MetS.

The serum apo B-48 concentration was deter-
mined using the CLEIA system (Fujirebio, Inc., Tokyo,
Japan)'?. Briefly, serum samples were incubated with
treatment buffer solution supplemented with surfac-
tant in order to separate apo B-48 from CMs and
CM-remnants. The pre-treated samples were incu-
bated with ferrite particles coupled with murine
monoclonal antibodies against apo B-48 in the solid
phase. After washing, further incubation was carried
out with alkaline phosphatase-conjugated anti-apo B
monoclonal antibodies as a second antibody. After
further washing, a chemiluminescent substrate was
added to the test cartridge, after which the relative
chemiluminescent intensity was measured and the
serum apo B-48 concentration was calculated accord-
ing to a standard curve.

Statistical Analysis

The statistical analysis was performed using the
non-parametric Mann-Whitney U test according to
F-study with the Stat Flex software program (ver. 6,
Artec Inc., Osaka, Japan) after confirming the distri-
bution. The level of significance was assumed to be
95%. The upper reference limit and reference interval
for the apo B-48 concentration were estimated accord-
ing to the methods recommended by CLSI (Clinical
and Laboratory Standards Institute). Briefly, after nor-
malizing all data using logarithm conversion, the
mean and standard deviation (SD) were calculated
and patients exhibiting a mean value above £2.58 SD
were eliminated. This process was repeated until no
exception data were calculated. Subsequently, the
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Table 1. Clinical and Laboratory Data

Mean+ SD 95% Confidence

Interval
Men/Women 284/232
Age (year) 42+10/42%11
Post-menopausal 481232
BMI (kg/mz) 22.4%3.3 22.0-22.7
Waist circ. (cm) 91.1£5.6 90.0-92.2
sBP (mmHg) 115.9%14.6 114.6-117.2
dBP (mmHg) 73.2%11.3 72.2-74.2
TC (mg/dL) 199+31 196.0-201.6
TG (mg/dL) 94+69 87.7-99.7
HDL-C (mg/dL) 65%15 63.1-65.9
LDL-C (mg/dL) 121+29 118.1-123.3
FPG (mg/dL) 87=%13 86.2-88.5
HbAlc (JDS) (%) 5.0x0.5 4.9-5.1

Number of Patients

BMI 225 kg/m?* 111 (21.5%)
BMI <25 kg/m? 405 (78.5%)
Hypertension 47 (9.1%)
High BP status 103 (20.0%)
High FPG 10 (1.9%)
Number of abnormal factors for dyslipidemia
0 337 (65.3%)
1 138 (26.7%)
2 37 (7.2%)
3 4(0.8%)
Number of risk factors for metabolic syndrome (MerS)
0 303 (58.7%)
1 135 (26.2%)
2 53 (10.3%)
3 24 (4.6%)
4 1(0.2%)

The abbreviations used in this Table are as follows.

dBP: diastolic blood pressure, sBP: systolic blood pressure, BMI:
body mass index, FPG: fasting plasma glucose, HbAlc: hemoglobin
Alc, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-den-
sity lipoprotein cholesterol, TC: total cholesterol, TG: triglycerides

value was returned to the integer, and the upper refer-
ence limit and reference interval were defined.

Results

Background Characteristics of the Subjects

The total number of registered subjects was 516
(284 men and 232 women: 183 premenopausal
patients, 48 postmenopausal patients and one
unknown patient) at two hospitals. The assay data and
classification of the subjects are summarized in Table
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Fig. 1A, Comparison of the apolipoprotein B-48 concentrations in all cases.

The apolipoprotein B-48 concentrations in 284 men and 232 women (183 premenopausal patients,
48 postmenopausal patients and one unknown patient) were compared. The values indicate the
mean * standard deviation as follows: women=2.4+ 1.9 pg/mL, premenopausal women=2.2%1.8
pg/mL, menopausal women= 3.2%2.0 ug/mL men=3.8§%3.3 pg/mL. Statistical qlgmﬁcancc was
assessed using the Mann-Whitney U test. *p<0.001 against women, %»<0.001 against premeno-
pausal women.

1. A total of 111 patients had a BMI of 225 kg/m?, ' ¥
while a waist circumference beyond the standard range g
(indicating abdominal obesity) was observed in 114

cases (one-fifth of all cases). Regarding abnormal fac-

tors related to dyslipidemia (a high LDL-C concentra- oS

tion, high TG concentration or low HDL-C concen- 2 £ 6 -

tration), two-thirds of the subjects (337 patients, 161 P

men and 176 women: 152 premenopausal patients g;oz ;
and 24 postmenopausal patients) were classified as SE 4

having no abnormal factors for dyslipidemia; these 338 {
patients were classified into the normolipidemic <38

group. One-third of the patients exhibited more than
one abnormal factor for dyslipidemia. Twenty-four 2
patients, or one-fifth of those with a high BMI (225

kg/m?), were diagnosed with MetS, as their waist cit-

cumference was beyond the standard range and they 0
exhibited two of three risk factors, including BP, FPG
and abnormal lipid metabolism. Most of the patients
exhibited either no risk factors (58.7%, 303 patients)
or one risk factor (26.2%, 135 patients) for MetS,
including hypertension (or a high BP status), hypertri-
glyceridemia, low HDL-cholesterolemia and a high
FPG level.

BMI<25kg/m?
{n=405)

BMIZ25kg!m®
{o=111)

Fig. 1B. Comparison of the apolipoprotein B-48 concentra-
tions in the subjects with a BMI of <25 kg/m? and
those with a BMI of 225 kg/m?.

The values indicate the mean % standard deviation, as follows: BMI
<25 kg/m*=2.8%22.4 pg/mL (n=405), BMI 225 kg/m*=4.4+
3.7 pg/mL (=111). The number of subjects is shown in brackets.
Statistical significance was assessed using the Mann-Whitney U
test. ¥p<0.001

Apo B-48 Concentrations and their Distribution in
Several Classifications

We examined the fasting apo B-48 concentra-
tions after classifying the patients into various groups.

First, a sex difference was observed, namely, the mean
apo B-48 concentration in men (284 patients) was
higher than that observed in women (232 patients)

(3.8%3.3 pg/mLvs 2.4%1.9 pg/mL, p<0.001, Mann-
Whitney U test) (Fig. 1A). A significant difference was
also observed between the pre- and postmenopausal
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