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reason that significance was not observed in the association
of LDL-C with carotid plaque. The present study indicated
thatapoB48level was strongly associated with carotid plaque.
Even when LDL-C was within the normal range, an elevated
apoB48 level would be a risk factor for atherosclerosis in type
2 DM.

In general, age, hypertension, history of smoking, and low
HDL-C predict carotid atherosclerosis. However, these factors
were not associated with the presence of carotid plaque in
this study. The lack of association may be due to the
characteristics and small number of the subjects. In our
study, the proportion of age <45 years was 20%. This small
proportion of young subjects may not have a statistical
power, because carotid plaque area was reported to be
strongly related to age, increased between 45 and 70 years
of age markedly, and measurable plaque were more detected
in >45-year subjects [28]. With respect to blood pressure,
most of our subjects had normal blood pressure (the
proportions of systolic blood pressure <135 mmHg and
diastolic blood pressure <85 mmHg were 85% and 88%,
respectively). Low HDL-C (<40 mg/dl) subjects were 20% in
our study. These biases of the subjects may be the reason why
the conventional atherosclerotic risk factors did not asso-
ciated with the presence of carotid plaque in the present
study. The lack of association between smoking habit and
carotid plaque might be because we defined smoking as both
current and past smoking, and did not account daily cigarette
consumption.

ApoB48-containg lipoproteins were reported to be
increased in production and decreased in clearance in type
2 DM [19], but little is known about its diurnal profile. The
present study showed that the diurnal level of apoB48
fluctuated more than that of TG in type 2 DM, and was higher
in plaque (+) than in plaque (-) throughout the day. The
diurnal profile of apoB48 level would reflect the metabolism of
chylomicron and its remnants, and high level of fasting
apoB48 would indicate the accumulation of chylomicron
remnants. These results suggest that apoB48 is more useful
as a maker for atherogenic lipoprotein abnormality than TG.
Campos et al. [29] reported the diurnal change in apoB48 level
in normolipidemic subjects, indicating that the apoB48level in
both light and dense VLDL fraction were increased sharply
after breakfast, increased slightly after lunch, and not
increased immediately after dinner. In contrast, in the present
study, serum apoB48 level was sharply increased after each
meal. One reason for the inconsistent results may be the
difference in the assay method for apoB48. Campos et al.
evaluated apoB48 level in each lipoprotein fraction by SDS-
PAGE, whereas we evaluated that in serum by ELISA. In
addition, the difference in the subjects (normolipidemia vs.
type 2 DM) might affect the discordance in the diurnal apoB48
profiles.

In conclusion, serum apoB48 level was strongly associated
with the presence of carotid plaque in type 2 DM and was
higher in the subjects with carotid plaque than in the subjects
without the plaque throughout the day. The measurement of
serum apoB48 may be useful to evaluate the risk of athero-
sclerosis. The present results warrant further studies, in large
scale and prospective design, to confirm the significance of the
measurement of apoB48.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.diabres.
2008.04.028.
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Significance of Measuring Serum Concentrations of Remnant
Lipoproteins and Apolipoprotein B-48 in Fasting Period
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Aim: To characterize lipid profiles conveniently in the fasting period to detect postprandial hyperlip-
idemic subjects, we measured the concentrations of lipids, including remnant lipoproteins and
apoB-48, before and after loading the test meal in 24 normolipidemic subjects.

Methods: We examined remnant-like particle-cholesterol and -triglyceride (RLP-C, RLP-TG) by the
immune adsorption method, RemL-C by the newly developed homogeneous method, and apoB-48
by chemiluminescence enzyme immunoassay.

Results: After loading, TG, RemL-C, RLP-C, RLP-TG, and apoB-48 concentrations were elevated.
Twenty subjects had only a slight elevation of TG (low TG group) after loading, while 4 subjects
showed apparent increase of TG (more than 150 mg/dL, high TG group). In the fasting period,
the high TG group had significantly higher serum concentrations of TG and RemL-C than the low
TG group. Although not significant, RLP-C, RLP-TG and apoB-48 concentrations in the high TG
group were also higher than in the low TG group. After loading, serum concentrations of TG,
RemL-C, RLP-C, RLP-TG, and apoB-48 increased significantly more in the high TG group than in
the low TG group.

Conclusion: In conclusion, TG, RemL-C, RLP-C, RLP-TG, and apoB-48 concentrations in the fast-

ing period may be suitable for detecting postprandial hyperlipidemic subjects.

J Atheroscler Thromb, 2009; 16:12-20.

Key words; Postprandial hyperlipidemia, RLP-C, RemL-C, Small, dense LDL-C

Introduction

Since Zilversmit’s proposal of the significance of
postprandial hyperlipidemia, many studies have inves-
tigated the role of remnant lipoproteins in the patho-
genesis of atherosclerosis, and have identified a delay
in their removal from blood as an independent risk
factor'®. In fact, high concentrations of remnant-like
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particlc (RLP) cholesterol (RLP-C) predict coronary
events in patients with CAD, independent of tradi-
tional coronary risk factors™®.

In normal humans, the postprandial hyperlipid-
emic pcriod is about 4-6 hours, but in individuals
with certain dyslipidemia, this period may be increased
beyond 6 hours*4. Of note, impaired removal of chy-
lomicron remnants in the liver potentially induces
longer retention times for these lipoproteins in blood
circulation. Moreover, it is lmportant to recognize that
dietary lipid is transferred to various parts of the body
via plasma lipoproteins after food ingestion.

In the postprandial period, we can observe the
clevation of triglyceride (T'G)-rich lipoproteins, which
include chylomicrons, very-low-density lipoproteins
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Remnant and ApoB-48 in Fasting Period 13

(VLDL), and their remnants, in the blood circulation.
Nascent chylomicrons, synthesized by enterocytes, have
a high TG-to-cholesterol mass ratio, and consist pri-
marily of apolipoprotein (apo) B-48 and apoA-I' 7.
After acquiring apoC-1I and apoE, chylomicrons blnd
to llpoprotcm lipase (LPL), which induces llpolysxs of
TG in chylomlcrons TG depletion results in a size
reduction, and is referred to as chylomicron remnants,
or “remnants”. Finally, chylomicron remnants are cho-
lesteryl ester-rich and retain apoB-48 and apoE!'> 3.
VLDL produced by.hepatocytes are also hydrolyzed
by LPL like chylomicrons, and become VLDL rem-
nants containing apoB-100 and apoE.

Although it has been difficult clinically to distin-
guish exogenous lipids (chylomicrons and their rem-
nants) from endogenous lipids (VLDL and their rem-
nants), it recently became posstblc to convcnlcntly
measure the serum B-48 concentration'®. In the pres-
ent study, to characterize the lipid proﬁlcs conve-
niently in the fasting period to detect postprandial
hyperlipidemic subjects, we measured the concentra-
tions of lipids, including remnant lipoproteins and
apoB-48, before and after loading the test meal in

normolipidemic subjects.

Subjects and Methods

Subjects and Physical Examination

We recruited healthy subjects [n=24; male/
female, 11/13; mean *standard deviation (SD), 21.5%
1.2 years old] who had never been treated or taken
any drugs at least 3 months before the study. All sub-
jects gave their informed consent to participate in the
study. The study protocol was carried out according to
the Declaration of Helsinki.

Blood _pressurc was measured twice by the same
observer using a standard mercury sphygmomanomc-
ter after the subject had rested in a supine position for
30 min. Waist circumference of subjects was mea-
sured'®. Body mass index (BMI) was calculated by di-
viding body weight by the square of the height (kg/m?).

Study Protocol

We used a test meal containing carbohydrate, fat,
and protein, which was developed for the assessment
of both postprandial hyperglycemia and hyperlipid-
cmia by the Japanese Diabetes Society (Test meal A).
This test meal consists of cream of chicken soup, bis-
cuit, and custard pudding. The total calories 1s 450
kcal, including carbohydrate 57.6 g (51.4% in energy
balance), protein 17.2 g (15.3%), fat 16.6 g (33.3%),
which is a slightly higher percentage of fat than in the
usual Japanese breakfast (20-25%). Blood samples

were obtained at 9-10 AM after a 12-hour fast and 1,
2, 4, 6, and 8 hours after ingestion of the test meal.

Blood Sampling and Analysis

Serum concentrations of TG, total cholesterol,
high-density lipoprotein (HDL)-cholesterol (HDL-C)
and low-density lipoprotein (LDL)-cholesterol
(LDL-C) were determined by enzymatic methods
(Kyowa Medex, Tokyo, Japan): plasma oxidized LDL
concentration by enzyme-linked immunosorbent assay
(Kyowa Medex); serum concentrations of apoA-I,
apoA-1II, apoB, apoC-1I, apoC-IIl, and apoE by turbi-
dimetric immunoassay methods (Nittobo, Tokyo,
Japan); serum apoB—48 concentration by chemilumi-
nescence enzyme immunoassay (Fujirebio, Tokyo,

Japan); serum small, dense-LDL-cholesterol (sd-

- LDL-C) concentration by the precipitation method

(Denka Seiken, Tokyo, Japan)'; serum concentrations
of RLP-C and RLP-TG by the immune adsorption
method (JIMRO 1, Otsuka Pharmaceutical, Tokyo,
Japan)'”; serum remnant lipoprotein cholesterol
(RemL-C) concentration by homogenenous assay
(MetaboLead RemL-C, Kyowa Medex)'®; serum high
sensitivity C-reactive protein (hs-CRP) concentration
by nephelometry method (Dade Behring, Deerfield,
IL); plasma glucose concentration and glycosylated
hcmoglobln Aic (HbAic) by HPLC,; and serum insulin

conccntratlons by cnzyme lmmunoassay, l’CSPCCthCly

Agarose Gel Electrophoresis Analysis

Samples were subjected to lipoprotein analysis
using agarosc gel electrophoresis (Rapid Electrophore-
sis; Helena Laboratories, Beaumont, Texas), with 15
min of clectrophoresis at 400 volts and 20T. After
staining with cholesterol and TG reagent, clution pro-
files were analyzed by an automatic densitometer,
Chol/Trig Combo™ (Helena Kenkyusho, Saitama,
Japan)'?. Contents of cholesterol and TG in cach frac-
tion were calculated with total lipids and the area
under the curve according to the report by Kido ez
al*®. Moreover, the ratios of cholesterol to TG in
HDL and LDL fractions were calculated and com-
pared with those in healthy volunteers reported previ-

ously (mean+SD; HDL, 58120 LDL, 4911 3)1”

Statistical Analysis

Values are expressed as the mean £ SD. Statistical
significance of data was evaluated using either the
Mann-Whitney U-test or Welch’s #-test. Correlations
between apoB-48 and other parameters were calcu-
lated using the formula for Pearson’s correlation cocf-
ficient. Responses to the test meal were compared by
analysis of variance (ANOVA) for repeated measures.
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Table 1. Glucose and lipid parameters before and after loading the test meal

0 1h 2h 4h 6h 8h

Plasma glucose (mg/dL) 89.4%4.7 104.5+19.2** 89.2%11.5 85.324.8"™  852%45%  85.1250%
Insulin (xU/mL) 6.1£2.9 53.7+27.3" 24.6+16.4* 5.12.2 4.1%1.3" 37+14"
TG (mg/dL) 65.6%25.5 86.9+38.2° 95.7 £47.4* 77.1%32.6 60.7£19.2 52.2+16.8*
TC (mg/dL) 182.6£32.2 181.5+33.8 179.8+32.4 181.4+30.8 1842317  189.5%33.3
LDL-C (mg/dL) 100.0£25.6 97.8+25.7 96.8+25.4 97.9%+24.4 101.1£25.2 104.3%26.2
HDL-C (mg/dL) 70.0£14.3 67.8+14.2 67.2%13.1 68.0%14.1 70.1+14.9 72.5%15.2
RemL-C (mg/dL) 35%1.6 3.9%19 4.0%2.1 37£2.1 3.1%1.3 29x1.1
RLP-C (mg/dL) 3.1£12 44%20° 47+26" 3.8%17 30%£1.3 2.8%09
RLP-TG (mg/dL) 15.8+2.6 24.8%14.6" 30.4x23.6* 20.1%8.7 15.2%0.7* 15.120.2°
Sd-LDL-C (mg/dL) 21489 17.3+5.8 17.1%6.9 17.0£5.7 17.5%5.9 17.8%5.8
Oxidized LDL (U/mL) 67£49 6.1x44 6.6%5.5 65+4.8 68+47 7.1%4.9
ApoA-1 (mg/dL) 164.0£27.0 161.8+28.0 161.3£25.0 162.5%26.7 165.5%26.7 168.2+28.1
ApoA-1I (mg/dL) 38.9%7.1 38.5+7.4 38.0£6.9 38.5%7.0 38.7%7.1 39.3%7.1
ApoB (mg/dL) 67.5%14.2 66.3+14.8 66.2£14.0 66.8+13.6 68.5%13.9 70.5+14.2
ApoB-48 (pg/ml) 3221 62+3.1% 6.1:3.4** 52%2.9™ 3.6£2.1 3.0x17
ApoC-Tl (mg/dL) 3111 32%1.2 3.2%1.2 3211 3.2%1.1 32%1.1
ApoC-I (mg/dL) 94%2.5 9.9+2.6 95%2.6 93%24 9.1%2.3 9324
ApoE (mg/dL) 46%1.0 45%1.0 44%1.0 44210 4309 4409

Values are expressed as the mean+SD, .p< 0.05, “p( 0.01 (vs. 0 dime) by Mann-Whitney U-test. TG: triglyceride, TC: total cholesterol, LDL-C:
low-density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol, RemL-C: remnant lipoprotein cholesterol measured with “Metabo-
Lead RemL-C”, RLP-C: remnant-like particle-cholesterol measured with “JIMRO II", RLP-TG: remnant-like particle-triglyceride, Sd-LDL-C:

small, dense-LDL-cholesterol, Apo: apolipoprotein.

Data under the threshold of RLP-C (<2.0 mg/dL) or
RLP-TG (<15 mg/dL) were treated as 2.0 mg/dL or
15 mg/dL, respectively. Statistical analysis was per-
formed using Stat Flex ver.5.0 software (Artec, Osaka,
Japan). Two-tailed values of p<0.05 were considered
significant.

Results

Characteristics of Subjects

Subject characteristics are as follows (mean + SD):
BMI, 20.7+1.7 kg/mz; waist circumferences, 72.3 £
4.2 cm in men and 65.7 £4.5 cm in women; HbAc,
4.9£0.2%; hsCRP, 0.04+0.02 mg/dL.

Fasting and Postprandial Concentrations of Lipids
in Total Subjects

Table 1 shows the changes of lipid concentra-
tions before and after loading the test meal in all
subjects. In the fasting period (time 0), concentrations
of all parameters were within normal limits or low
ranges; however, there were significant correlations
between apoB-48 concentration and TG, RemL-C,
RLP-C, RLP-TG, apoC-1I, or apoC-1I concentration
(Table 2), indicating that intestine-derived lipopro-

teins were present in the circulation and had charac-

teristics of remnants even in the fasting period in nor-
molipidemic subjects.

After loading the test meal, TG, RLP-C, RLP-
TG, and apoB-48 concentrations elevated significantly
compared with before loading (Table 1). TG, RLP-C,
and RLP-TG concentrations peaked at 2 hours, and
were restored to the bascline within 4 hours. ApoB-48
concentrations peaked at 1 hour, and returned to basal
levels at 6 hours. RemL-C concentrations also peaked
at 2 hours and were restored within 6 hours, but this
elevation had no significance. On the other hand, the
concentrations of TC, HDL-C, LDL-C, sd-LDL-C,
oxidized LDL, apoA-I, apoA-II, apoB, apoC-II,
apoC-1III, and apoE were not elevated. Sd-LDL-C con-
centrations decreased below the basal levels during the
study without statistical significance.

Comparison of Fasting Lipid Concentrations
between High and Low TG Groups

In the results of the loading test, we noticed that
some subjects showed apparent increases of TG at 2
hours as peak values, and others showed only a slight
clevation. We therefore established two groups by TG
values at 2 hours, and designated subjects with <150
mg/dL of TG (7=20) as the low TG group and sub-
jects with >150 mg/dL of TG (n=4) as the high TG
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Table 2. Correlation between apoB-48 concentration and
other parameters in fasting period

r ?
Plasma glucose (mg/dL) 0.236 0.2661
Insulin (pU/mL) 0.042 0.8448
TG (mg/dL) 0.791 <0.0001
TC (mg/dL) 0.287 0.1743
LDL-C (mg/dL) 0.301 0.1526
_ HDL-C (mg/dL) -0.081 0.7065
RemL-C (lng/dL) 0.811 <0.0001
RLP-C (mg/dL) 0.768 <0.0001
RLP-TG (mg/dL) 0.745 <0.0001
Sd-LDL-C (mg/dL) 0.367 0.0776
Oxidized LDL (mg/dL) -0.150 0.4832
ApoA-1 (mg/dL) 0.016 0.9395
ApoA-TI (mg/dL) 0.290 0.1693
ApoB (mg/dL) 0.282 0.1820
ApoC-II (mg/dL) 0.689 0.0002
ApoC-T (mg/dL) 0.534 0.0071
ApoE (mg/dL) 0.189 0.3764
hs-CRP (mg/L) 0253 0.2321

Correlations between apoB-48 and other parameters were calculared
using the formula for Pearson’s correlation coefficient. TG: triglycer-
ide, TC: total cholesterol, LDL-C: low-density lipoprotein-choles-
terol, HDL-C: high density lipoprotein-cholesterol, RemL-C: rem-
nant lipoprotein cholesterol measured with “MetaboLead RemL-C”,
RLP-C: remnant-like particle-cholesterol measured with “JIMRO 117,
RLP-TG: remnant-like particle-triglyceride, Sd-LDL-C: small, dense-
LDL-cholesterol, Apo: apolipoprotein, hs-CRP: high sensitivity-C-
reactive protein.

group. The peak concentrations of TG in the low TG
group were 78.4+27.6 mg/dL, whereas those in the
high TG group were 182.5%33.7 mg/dL.

First, we compared the profiles and lipid parame-
ters in the fasting period between the two groups
(Table 3). The high TG group had significantly higher
serum concentrations of TG and RemL-C than the
low TG group. Although not significant, RLP-C,
RLP-TG and apoB-48 concentrations in the high TG
group were also higher than in the low TG group.
There were no significant differences in the profiles,
including age, BMI, and abdominal circumference

between the two groups.

Comparison of Postprandial Concentrations
between High and Low TG Groups

Fig. 1 demonstrates the sequential changes of pa-
rameters in lipids before and after loading the test meal
in cach group. Serum concentrations of TG, RemL-C,
RLP-C, RLP-TG, and apoB-48 significantly increased

more in the high TG group than in the low TG group,

Table 3. Comparison of clinical characteristics and fasting
concentrations of glucose and lipid parameters
between two groups

High TG group Low TG group
(n=4) (n=20)

Age (years old) 220£25 214209  0.6695
BMI (kg/m?) 220£22  204%15  0.2975
A"‘:;’rmmm @ 73557 678252 01334
Hs-CRP (mg/dL) 006002  0.04£0.02 0.1655
HbAc (%) 50£0.2 48402 03018
Plasma glucose (mg/dL)  83.0%48 91036  0.0719
Insulin (4U/mL) 63%2.6 6.1£3.0  0.9060
TG (mg/dL) 1095158  56.9+16.1 0.0044
TC (mg/dL) 1965£14.6 179.9£343 0.1460
LDL-C (mg/dL) 1103£166  98.0%£26.8 0.2982
HDL-C (mg/dL) 675267  705%115 0.8477
RemL-C (mg/dL) 59%13  30%12 00148
RLP-C (mg/dL) 4914 2.8%0.8 0.0694
RLP-TG (mg/dL) 19554 156227 02744
$d-LDL-C (mg/dL) 307£13.0  17.9%56  0.1602
Oxidized LDL (U/ml) 49217 70452 0.1630
ApoA-1 (mg/dL) 163.8449.1 1640£22.5 0.9930
ApoA-TI (mg/dL) 440%104 379460  0.3609
ApoB (mg/dL) 7584102  658+145 0.1865
ApoB48 (ug/mL) 6.1%2.6 26+1.5  0.0957
ApoC-1I (mg/dL) 3.6%1.1 29+1.1 03734
ApoC-I (mg/dL) 113£37 9.1£2.1  0.3531
ApoE‘ (mg/dL) 5.1x1.1 45+0.9 0.4477

Values are expressed as the mean + SD, Welch’s # test. High group: the
peak triglyceride (TG) concentration 2150 mg/dL, low group: peak
TG concentration <150 mg/dL, BMI: body mass index, HbAic:
glycosylated hemoglobin Aic, TC: total cholesterol, RemL-C: rem-
nant lipoprotein cholesterol measured with “MetaboLead RemL-C”,
RLP-C: remnant-like partide-cholesterol measured with “JIMRO 1",
RLP-TG: remnant-like particle-triglyceride, Sd-LDL-C: small, dense-
LDL-cholesterol, Apo: apolipoprotein.

especially from 1 to 4 hours. In contrast, although sd-
LDL-C concentrations were significantly higher in the
high TG group, they gradually decreased after loading.
There were no significant differences in serum concen-
trations of TC, LDL-C, HDL-C, and other apolipo-
proteins. Concentrations of glucese, insulin, and oxi-

dized LDL also did not alter (data not shown).,

Analysis of Lipid by Electrophoretogram

Fig.2 demonstrates representative cases of densi-
tometric scanning patterns of electrophoretogram and
lipid data before and after loading the test meal in the
high and low TG groups. Sample A belongs to the
high TG group. Fractions of chylomicrons and VLDL
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Fig.1.

Changes in the levels of glucose and lipid parameters in subjects with <150 mg/dL (low TG group) and >150 mg/dL triglyceride concentra-
tion (high TG group) before and after loading the test meal. Responses to the test meal were compared by analysis of variance (ANOVA) for
repeated measures. Open circle and broken line: low TG group, closed circle and black line: high TG group, TG: triglyceride, RemL-C: rem-
nant lipoprotein cholesterol measured with “MetaboLead RemL-C”, RLP-C: remnant-like particle-cholesterol measured with “JIMRO 1",
RLP-TG: remnant-like particle-triglyceride, TC: total cholesterol, HDL-C: high-density lipoprotein-cholesterol, LDL-C: low-density lipopro-

tein-cholesterol, sd-LDL-C: small, dense-LDL-cholesterol.

increased 1 hour after loading, peaked at 2 hours, and
gradually decreased. Sample B belongs to the low TG
group. We obscrved a slight increase of the chylomi-
cron fraction 2 hours after loading. Thus, the peak
values of TG and lipoprotein profiles in the postpran-
dial period were different between the two cases,
although fasting TG concentrations in both cases were
around 80 mg/dL.

Fig. 3 shows the changes in TG concentrations of
chylomicrons and VLDL, and the ratios of cholesterol
to TG in HDL and LDL before and after loading the
test meal. In the left panel of sample A, the higher the
TG concentrations of chylomicrons and VLDL, the
lower the ratios of cholesterol to TG in HDL and
LDL decreased to levels around the mean-2SD of
normal subjects (1.8, 2.3, respectively), as previously
reported?”. In the right panel of sample B, TG con-
tents of chylomicrons and VLDL did not increase,
and the ratios of cholesterol to TG in HDL and LDL

decreased slightly.

Discussion

In this study we analyzed serum lipids and apoli-
poproteins in fasting and postprandial periods among
24 young normolipidemic subjects. When we divided
subjects into two groups according to the peak values
of TG after loading, we found that the high TG group
showed higher concentrations of TG, RemL-C,
RLP-C, RLP-TG, and apoB-48 in the fasting period,
although some parameters did not show significant
differences. These concentrations were obviously ele-
vated after loading in the high TG groups.

It is clear that an increase in chylomicrons and
their remnants derived from the intestine is observed
in the postprandial period; however, some investiga-
tors have reported that VLDL and their remnants
derived from the liver are also increased, and it is
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Fig.2. Densitometric scanning electrophoretogram patterns of samples before and after loading the test meal. Elution profiles were
analyzed by an automaric densitometer, Chol/Trig Combo™.

Sample A: Representative elution profile in the group with >150 mg/dL triglyceride (TG) concentration elevation after loading the test meal.
Sample B: Representative elution profile in the group with <150 mg/dL TG concentration elevation before and after loading the test meal.
HDL: high-density lipoproteins, VLDL: very-low-density lipoproteins, LDL: low-density lipoproteins, CM: chylomicrons, TG: triglyceride,
red area: cholesterol, blue-colored area: TG.

1507 Sample A r7 1507 Sample B r7
5 o q 6 o
§ | g ’ ¥
£ g E 00 g
= 3 ,
: ;3 B
E P
E 3 bl P - I IO 2 §
2 2
& o = . , ©
o ;51
JH H BB
0 1h 2h 4h 6h 8h

Fig. 3.

Changes in triglyceride (TG) levels of very-low-density lipoproteins (VLDL) and chylomicrons, and the ratios of cholesterol to TG of high-
density lipoproteins (HDL) and low-density lipoproteins (LDL) before and after loading the test meal. Open column: TG content of VLDL,
closed column: TG content of chylomicrons, closed circle: ratios of cholesterol to TG of HDL, closed square: ratio of cholesterol to TG of
LDL, dashed line: ratio of cholesterol to TG of HDL of the mean-25D in control subjects, dotted line: ratio of cholesterol to TG of LDL of
the mean-2SD in control subjects.
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controversial which is predominant in exogenous and
endogenous lipids in the postprandial period® 2 %,
Although the detailed mechanism remains unknown,
the postprandial increase in VLDL and their remnants
may be caused by reduced clearance, which was a
result of competition by chylomicrons for the removal
of triglycerides by lipoprotein lipase, or increased
hepatic secretion of VLDL??. Receptor-mediated
mechanisms are the predominant pathway by which
chylomicron remnants are taken up by hepatocytes,
and the LDL receptor pathway is thought to be the
major mechanism for the uptake of both remnants
with apoE as a ligand 12,24,25) Impairment of or com-
petition for the removal of both remnants in the liver
may also potentially induce an increased retention
time of these lipoproteins in the blood circulation.
Thus, both remnant concentrations may be clevated
in the postprandial period. In this study there was a
remarkable clevation of apoB-48, which is a compo-
nent of chylomicrons and chylomicron remnants, cor-
roborating that lipoproteins derived from the intestine
increase in the postprandial period, especially from 1
to 4 hours. ApoB concentrations (most derived from
the liver) did not alter remarkably, suggesting that the
postprandial increase in VLDL and their remnants
may be small in young normolipidemic subjects.

Data of sample A (high TG group) demonstrated
that delayed clearance of TG-rich lipoproteins in the
postprandial period may be detected even in normo-
lipidemic subjects. Impaired removal of TG-rich lipo-
proteins may induce the change of cholesterol and
TG composition in LDL and HDL via the mecha-
nism by which cholesteryl ester transfer protein is
mediated?® ?7; the higher the TG concentrations of
chylomicrons and VLDL, the lower the ratios of cho-
lesterol to TG of HDL and LDL. Thus, our data sug-
gest that it may be possible to characterize lipid profiles
conveniently in the fasting period by measuring TG,
RemL-C, RLP-C, RLP-TG, and apoB-48 concentra-
tions to detect postprandial hyperlipidemic subjects.

In the postprandial period, the clevation of
RemL-C concentration did not reach a significant
level, although the clevation period of RemL-C is
similar to those of TG, RLP-C, and RLP-TG. These
results may be due to the different measuring meth-
ods. RLP-C and RLP-TG were measured by the
immune adsorption method'”, while RemL-C is mea-
sured by a newly developed and convenient assay for
remnant lipoproteins'®. This assay utilizes surfactant
and phospholipase-D to directly solubilize and degrade
remnants. As such, it can be performed with an auto-
mated clinical analyzer in a short time'®. There was
reportedly a strong correlation between RemL-C and

RLP-C concentrations in patients with coronary artery
discasc®; however, our results (Table 1) suggest that
differences in sensitivity for exogenous and endoge-
nous lipoproteins between both methods may exist.
The method for RLP-C and RLP-TG may be more
sensitive to exogenous remnants, while RemL-C may
be suitable for endogenous remnants. This hypothesis
is compatible with previous reports'® 28, When we
compared the two groups, the different character
between RLP-C and RemL-C became clear (Table 2
and Fig.1). The high TG group had significantdy
higher fasting TG and RemL-C concentrations. After
loading, RLP-C, RLP-TG, and apoB-48 also became
significant parameters. It can be deduced that, in the
fasting period, exogenous remnants in postprandial
hyperlipidemic subjects may decrease to a similar level
to that in normal subjects, and endogeneous remnants
may remain at a significantly higher level.

There are some limitations of the present study
as follows: as the study was performed with a small
number of normal young subjects, only 4 individuals
had the peak value of TG over 150 mg/dL as the high
group. We need further examination with a larger
number of normal and hyperlipidemic subjects in
order to verify the TG value of 150 mg/dL, to identify
the most dangerous lipid profile(s) involving remnants,
apoB-48, and other parameters, and to clarify the sig-
nificant differences between RLP-C and RemL-C. In
addition, analyses of apoCs in remnant lipoproteins
and LPL are necessary because these enzyme and pro-
teins interfere with the apoE-mediated uptake of rem-
nants and lipolysis?* 3. Here, since we did not exam-
ine LPL activity and protein mass measurement, we
could not determine whether subjects in the high TG
group have heterozygous LPL deficiency®”. Of note,
fasting sd-LDL-C concentration was higher in the high
TG group. Interestingly, sd-LDL-C concentrations
gradually decreased after loading. Here, we have no
data to explain why sd-LDL-C in the high TG group
but not in the low TG group gradually decreased after
loading. Recently, Ogita ez 4. have reported that serum
sd-LDL-C concentrations decreased after the 75 g oral
glucose tolerance test and suggested that insulin can be
a key modulator of sd-LDL-C concentrations?.

In conclusion, TG, RLP-C, RLP-TG, RemL-C,
and apoB-48 concentrations in the fasting period may
be suitable to detect and characterize postprandial
hyperlipidemia in normolipidemic subjects. In future,
it 1s necessary to reveal which parameter or combina-
tion is useful to identify postprandial hyperlipidemia
with a large-scale study.
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ARTICLE INFO ABSTRACT

Background: In routine clinical laboratory testing and numerous epidemiological studies, LDL-cholesterol
(LDL-C) has been estimated commonly using the Friedewald equation. We investigated the relationship
between the Friedewald equation and 4 homogeneous assays for LDL-C.

Methods: LDL-C was determined by 4 homogeneous assays [liquid selective detergent method: LDL-C (L),
selective solubilization method: LDL-C (S), elimination method: LDL-C (E), and enzyme selective protecting
method: LDL-C (P)]. Samples with discrepancies between the Friedewald equation and the 4 homogeneous
assays for LDL-C were subjected to polyacrylamide gel electrophoresis and the B-quantification method.
Results: The correlations between the Friedewald equation and the 4 homogeneous LDL-C assays were as
follows: LDL-C (L) (r=0.962), LDL-C (S) (r=0.986), LDL-C (E) (r=0.946) and LDL-C (P) (r=0.963).
Discrepancies were observed in sera from type IIl hyperlipoproteinemia patients and in sera containing large
amounts of midband and small dense LDL on polyacrylamide gel electrophoresis. LDL-C (S) was
most strongly correlated with the (3-quantification method even in sera from patients with type IiI
hyperlipoproteinemia.

Conclusions: Of the 4 homogeneous assays for LDL-C, LDL-C (S) exhibited the closest correlation with the
Friedewald equation and the B-quantification method, thus reflecting the current clinical databases for
coronary heart disease.
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diagnosis and management of adult patients with hypercholesterol-
emia is largely based on the concentration of LDL-C [3].

A wide variety of methods have been used for determining LDL-C in
serum. These methods include sequential and density-gradient ultracen-
trifugation [4], B-quantification [5-8], Friedewald equation [9], electro-
phoresis [10], HPLC [11] and homogeneous assay [12]. As a reference
procedure for LDL-C, the CDC has adopted a variation of the multi-step -
quantification procedure used by the Lipid Research Clinics [13], which
combines separation by ultracentrifugation and chemical precipitation.
The B-quantification procedure for LDL-C has been also recommended by

1. Introduction

Numerous clinical studies have shown an independent relation-
ship between increases in LDL-cholesterol (LDL-C) concentrations and
risk of coronary heart disease (CHD) [1,2]. According to the National
Cholesterol Education Program (NCEP)-Adult Treatment Panel III, the

Abbreviations: LDL-C, LDL-chol I; CHD, coronary heart disease; NCEP, National

Cholesterol Education Program; TG, triglycerides; IDL, intermediate-density lipo-
proteins; apo, apolipoprotein; CRMLN, Cholesterol Reference Method Laboratory
Network; PAGE, polyacrylamide gel electrophoresis; TC, total cholesterol; HDL-C,
HDL-cholesterol; LDL-C (F), LDL-C estimated by Friedewald equation; LDL-C (L), liquid
selective detergent method; LDL-C (S), selective solubilization method; LDL-C (E), elimination
method; LDL-C (P), enzyme selective protecting method; LDL-C (BQ), modified B-
quantification method; LDL-MI, LDL migration index.
* Corresponding author. Tel.: +81 6 6879 3732; fax: +81 6 6879 3739.
E-mail address: shizu@imed2.med.osaka-u.ac,jp (S. Yamashita).

0009-8981/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.cca.2009.09.010

the NCEP Lipoprotein Measurement Working Group [7]. However, the B-
quantification method requires a relatively large volume of serum, special
equipment, and is a time-consuming procedure; therefore, it is not well
suited for routine testing in hospitals and clinics. Although the Friedewald
equation is the most commonly used technique in clinical laboratories for
the estimation of LDL-C, it cannot be accurately estimated when plasma
triglycerides (TG) >4.52 mmol/l (400 mg/dl) or when specimens are
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collected in the non-fasting state [5,14] In most clinical studies
investigating the relationship between LDL-C and CHD, including the
Framingham Heart Study and the study of the prediction of CHD, 1DL-C
was estimated by the Friedewald equation {15-17]. In the NCEP-Adult
Treatment Panel Il study, the recommended level of LDL-C for the
prevention of CHD was also estimated by the Friedewald equation. Like
the B-quantification method, LDL-C estimated by the Friedewald equation
includes cholesterols in lipoprotein (a) and intermediate-density
lipoproteins (IDL) [5,7,18], which are atherogenic apolipoproptein
(apo) B-containing lipoproteins, and there is a close correlation between
the B-quantification method and the Friedewald equation [5,19].

In recent years, convenient homogeneous assays for LDL-C that are
less influenced by TG have been developed and are widely performed
at clinical laboratories. As mentioned above, LDL-C, which has been
shown to be a risk factor for CHD by clinical studies, is estimated by
the Friedewald equation, and some studies have stated that LDL-C
measured by homogeneous assays for LDL-C need to reflect the
current clinical databases for CHD risks as assessed by the Friedewald
equation {7]. Clinicians have also expressed the need for a homoge-
neous assay for LDL-C reflecting LDL-C as estimated by the Friedewald
equation [7]. Most homogeneous assays for LDL-C have received CDC
certification from the Cholesterol Reference Method Laboratory
Network (CRMLN) [12]. Because different homogeneous assays for
LDL-C employ different measurement principles, discrepancies have
been reported with samples having IDL, lipoprotein (a) and abnormal
lipoproteins associated with liver dysfunction, such as lipoprotein X or
lipoprotein Y [20-22].

We investigated the correlations between the Friedewald equation
and 4 homogeneous assays developed in Japan and to determine
whether the homogeneous assays for LDL-C reflect the clinical databases
for CHD where LDL-C was estimated by the Friedewald equation.
Samples with discrepancies between the Friedewald equation and
homogeneous assays for LDL-C were analyzed by polyacrylamide gel
electrophoresis (PAGE) and the B-quantification method.

.2. Materials and methods

2.1. Samples

With approval from the Ethics Review Board of Osaka University
Hospital, human serum samples were from 156 patients (age: 30~
65 years) with <4.52 mmol/l (400 mg/dl) TG and from 5 patients (age:
58-75 years) with type 2 diabetes mellitus. Informed consent was
obtained from all patients. After 12 h of fasting, blood samples were
collected in tubes without anticoagulant. Blood samples were stored at
4 °C and were measured within 3 days using a Hitachi 7170 analyzer.

2.2. Procedures

2.2.1. Total cholesterol (TC), TG and HDL-cholesterol (HDL-C) assays
TC and TG were measured by an enzymatic method (Kyowa
Medex) according to the manufacturer's protocols. The CVs for TC and
TG were <1.5 and 2%, respectively. HDL-C was measured by a
modified enzymatic method (Kyowa Medex) {12] according to the
manufacturer's protocols. The CV for HDL-C was <1.5%.

2.2.2. Friedewald equation [9]

Using samples with <4.52 mmol/1 (400 mg/dl} TG, LDL-C in the
Friedewald equation was estimated using the following formula:
[LDL-C (F)] =[TC] — [HDL-C] — [TG]/2.22, HDL-C concentrations in the

Table 1
Lipid levels, PAGE® and apoE phenotype of discrepancy samples and samples from
diabetic patients.

Sample  Total Triglycerides PAGE apoE
cholesterol . phenotype
mmolA (mg/dl) mmol (mg/dl) midband® LDL-MI*
Discrepancy samples
A 443 (171) 1.11 (99) + 024 E2/2
B 4.76 (184) 142 (127) + 023 E2/2
o 4.60 (178) 0.93 (83) + 031 E2/2
D 6.11 (236) 1.86 (166) + 036  E22
E 4.74 (183) 1.36 (121) + 029 E2/2
F 4.45(172) 1.04 (93) s+ 031 E2/2
G 5.27 (204) 3.40 (303) + 041 E2/2
H 476 (184) 3.38 (302) + 048 E3/3
1 7.86 (304) 4.40 (393) + 040  E3/3
Diabetic patients
J 5.63 (218) 2,03 (181) + 038 E33
K 527 (204) 4.18 (373) + 041 E32
L 6.92 (268) 6.38 (569) + 044 E3/2
M 4.65 (180) 3.06 (273) + 041 E33
N 5.77 (223) 136 (121) + 043 E373

* PAGE, polyacrylamide gel electrophoresis.

> When an independent peak was observed between the B and pre-f lipoprotein
bands or when a shoulder was observed on the pre-f3 side of the B lipoprotein, the
midband was interpreted as positive.

€ LDL-MI, LDL migration index. The LDL-MI was obtained by dividing the distance
from the LDL peak to VLDL peak (LVp) by the distance from the HDL peak to VLDL peak
(HVp), and when LVp/HVp was >0.40, the existence of small dense LDL is inferred.

Friedewald equation were measured by a modified enzymatic method
(Kyowa Medex) [12].

2.2.3. LDL-C homogeneous assays

LDL-C was determined by 4 homogeneous assays [liquid selective
detergent method (Sekisui Medical): LDL-C (L), selective solubiliza-
tion method (Kyowa Medex): LDL-C (S), elimination method (Denka
Seiken): LDL-C (E), and enzyme selective protecting method (Wako
Pure Chemical): LDL-C (P)] [12). LDL-C was measured according to the
manufacturers' protocols. The CV was < 2% for LDL-C (S), < 2% for LDL-
C (L), <2% for LDL-C (E), and <2% for LDL-C (P).

2.2.4. Modified B-quantification method [LDL-C (BQ)}

We employed the method described in the Handbook of
Lipoprotein Testing, 2nd ed. {5.,6). After ultracentrifugation at a
density of 1.006 kg/l with 0.8 m! serum, the bottom fraction was
obtained by the heparin-Mn?* precipitation method, and the TC for
the bottom fraction and after fractionation was measured by the
enzymatic method (Kyowa Medex). To check the accuracy of the LDL-
C (BQ), the values obtained by LDL-C (BQ) were compared with those
of the B-quantification method at the CRMLN Laboratory of Osaka
Medical Center for Health Science and Promotion in Osaka, Japan,
which uses a heparin-Mn2™* precipitation with subsequent cholesterol
determination by Abell-Kendall method [6), in fasting serum samples
from 11 healthy volunteers. LDL-C (BQ) was found to be highly
correlated with the B-quantification method of CRMLN (see Supple-
mental data Table 1).

2.2.5. PAGE and apoE phenotyping
We performed PAGE using Lipophor system (Jokoh) according to
the manufacturer's instructions. The lipoprotein bands were

Fig. 1. Correlations between the Friedewald equation and the 4 homogeneous assays for LDL-C. Both the linear regression and the Bland-Altman difference plot are shown. (), LDL-
C (F) vs. LDL-C (L). (B), LDL-C (F} vs. LDL~C (S). (C), LDL-C (F) vs. LDL-C (E). (D), LDL-C (F) vs. LDL-C (P), Fresh fasting serum samples (n= 160} including samples from diabetic
patients with <4.52 mmol/l TG were used. The closed circles indicate samples being smaller than the lower limit of 2 SD of LDL-C (E). which showed the largest SD among the

homogenous assays for LDL-C. The closed triangles indicate samples from diabetic patients.
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densitometrically determined. When an independent peak was
observed between the 3 and pre-p lipoprotein bands or when a
shoulder was observed on the pre-3 side of the B lipoprotein, the
midband was interpreted as positive [23]. LDL particle size was also

simply estimated based on an LDL migration index (LDL-MI) {24.25].

The LDL-MI was obtained by dividing the distance from the LDL peak
to VLDL peak (LVp) by the distance from the HDL peak to VLDL peak
(HVp), and when LVp/HVp was =040, the existence of small dense
LDL is inferred. We identified the apoE phenotype of samples with a
Phenotyping ApoE Kit (Jokoh) using the immunoblotting method.

2.2.6. Statistics

Pearson correlation coefficient analysis, simple regression, the
Bland-Altman plot [26] and the Boxplot were used to assess the
relation between the Friedewald equation, the B-quantification, and
the 4 homogenous assays for LDL-C. P values were obtained from the
Kruskal-Wallis test followed by Dunn's multiple comparison test.
Statistical analysis was performed using Excel 2003 (Microsoft) with
the Statcel 2 software plug-in [27] or GraphPad Prism software with
Windows XP.

3. Results

3.1. Comparison between the Friedewald equation and homogeneous
assays for LDL-C

The 4 homogeneous assays for LDL-C were compared with the
Friedewald equation in fasting serum samples from 156 patients and 4
diabetic patients with <4.52 mmol/l TG. As shown in Fig. 1, LDL-C (S)
was correlated most closely with LDL-C (F), with a correlation
coefficient of 0.986 (P<0.001), and a regression line of y =0.975x +
0.01 mmol/], the extent of agreement decreasing in the order of LDL-C
(P) (r=0.963, P<0.001, y=0.923x+0.11 mmol/1)>LDL-C (L)
(r=0.962, P<0.001, y=0.964x + 0.08 mmol/1)>LDL-C (E}
(r=0946, P<0.001, y = 1.007x — 0.05 mmol/1). Fig. 1 also shows the
Bland-Altman bias plot of the comparison between LDL-C (F) and the 4
homogeneous assays for LDL-C. The SD were 0.21 mmol/l (8.2 mg/dl)
for LDL-C (L), 0.13 mmol/1 (4.9 mg/dl) for LDL-C (S), 0.26 mmol/
1(10.2 mg/dl) for LDL-C (E) and 0.21 mmol/l (7.9 mg/dl) for LDL-C (P).
The average differences (y-axis) were — 0,03 mmol/1 (— 1.2 mg/dl) for
LDL-C (L), —0.07 mmol/1 (—2.7 mg/dl} for LDL-C (S), —0.03 mmol/
1(—1.0 mg/dl) for LDL-C (E) and —0.12 mmol/l (— 4.7 mg/dl) for LDL-
C (P). The difference between the Friedewald equation and the
homogeneous assays for LDL-C (S) and LDL-C (P) was significantly
smaller than that for LDL-C (L) and LDL-C (E) (Fig. 2). It should be
noted that the homogenous assays for LDL-C occasionally exhibited
lower concentrations of LDL-C than the Friedewald equation. The
closed circles in Fig. 1 were the values that are smaller than the lower
limit of 2 SD of LDL-C (E), which showed the largest SD among the
homogenous assays for LDL-C.

32. Analysis by PAGE and identification of apoE phenotypes by
immunoblotting of discrepancy samples

The 9 samples with discrepancies (samples A, B,C,D,E,F,G,Hand |
with closed circles in Fig. 1 and the 5 samples from diabetic patients
(samples ], K, L, M and N with closed triangle in Fig. 1) were analyzed
by PAGE (Fig. 3), and apoE phenotypes were identified by immuno-
blotting (Table 1). With samples A through G [TC: 4.43-6.11 mmol/
1 (171-236 mg/dl), TG: 0.93-3.40 mmol/l (83-303 mg/dl)], a mid-
band was observed and the apoE phenotype in all the seven samples
was E2/2, indicating type III hyperlipoproteinemia. With samples G
through 1 [TC: 4.76-7.86 mmol/l (184-304 mg/dl), TG: 3.38-
4.40 mmol/1 (302-393 mg/dl)], PAGE showed a midband, and their
LDL-MI values were >0.40, which indicate the existence of small
dense LDL [24,25]. With samples ] through N [TC: 4.65-6.92 mmol/

P<0.05

P<0.05 P <005 P<0.05
I 1 H 1

IT*TT

20 1
LF s-F E-F P-F

1.0

between two methods
{mmoli)

Fig. 2. Boxplots of the difference between the homogeneous assays and the Friedewald
equation. Values are represented as median + interquartile range with upper and lower
limits. L—F, the difference between LDL-C (L) and LDE-C (F). S—F, the difference
between LDL-C (S) and LDL-C (F). E—F, the difference between LDL-C (E) and LDL-C
(F). P—F, the difference between LDL-C (P) and LDL-C (F).

1 (180-268 mg/dl), TG: 1.36-6.38 mmol/l (121-569 mg/dl)], PAGE
showed a midband, and the LDL-MI values of samples K through N
were >0.40. The apoE phenotypes of samples ] through N were E3/3
or E3/2.

3.3. Analysis by LDL-C (BQ) of discrepancy samples and samples from
diabetic patients

The 7 type Il hyperlipoproteinemia samples (samples A through G)
and the five samples from diabetic patients (samples ] through N) were
analyzed by LDL-C (BQ). Fig. 4 shows the Bland—Altman bias plot of the
comparison between LDL-C (BQ) and 4 homogeneous assays for LDL-C.
Judging by the average difference and SD, LDL-C (S) [average difference
0.08 mmol/l (3.1 mg/dl), SD 0.18 mmol/1 (7.0 mg/dl)] mostly agreed
with LDL-C (BQ) as well as LDL-C (F) [average difference 0.06 mmol/
1 (23 mg/dl), SD 0.23 mmol/1 (9.0 mg/dl)], the extent of agreement
decreasing in the order of LDL-C (P} [average difference —0.06 mmol/
1 (—2.5 mg/dl), SD 0.28 mmol/1 (10.9 mg/dl)]>LDL-C (L) [average
difference —0.27 mmol/1 (—104 mg/dl), SD 0.33 mmol/l (12.8 mg/
dl))>LDL-C (E) [average difference —0.40 mmol/l (—15.4 mg/dl), SD
0.48 mmol/1 ( 18.5 mg/dl)]. Of the 5 methods tested, the difference from
the B-quantification method for LDL-C (S) and the Friedewald equation
was significantly smaller than that for LDL-C (E) (Fig. 5). It should be
noted that downward deviations in LDL-C (L) and LDL-C (E) against LDL-
C (BQ) were observed for the samples from the patients with type HI
hyperlipoproteinemia, unlike those from the diabetic patients (Fig. 4).

4. Discussion

In most clinical studies investigating the relationship between
LDL-C and CHD, LDL-C was estimated by the Friedewald equation or
the B-quantification method [15-17]. Although IDL-C is generally
considered to be a major risk factor for progression of atherosclerosis,
the traditional measurement of LDL-C includes measurement of IDL
{18} Like the P-quantification method, LDL-C estimated by the
Friedewald equation includes cholesterols in lipoprotein (a) and IDL
[5.7,18], which are atherogenic apoB-containing lipoproteins. In
recent years, homogeneous assays for LDL-C have been widely used,
but when referring to the clinical databases for CHD risks, as assessed
based on LDL-C estimated by the Friedewald equation or the (-
quantification method, homogeneous assays for LDL-C should reflect
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Fig. 3. Densitometric patterns of PAGE (polyacrylamide gel electrophoresis) of
discrepancy samples and samples from diabetic patients. Control, nermal serum,
(A), sample A. (B), sample B. {C), sample C. (D), sample D. (E), sample E. (F), sample F.
(G), sample G. (H), sample H. (1), sample 1. (J), sample . (K), sample K. (L), sample L.
(M), sample M. (N), sample N.; downward closed arrows, location of midband.
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the LDL-C measurements from the Friedewald eguation or the 3-
quantification method [7]. We investigated the correlations between
the Friedewald equation and 4 homogeneous assays developed in
Japan to determine whether the homogeneous assays for LDL-C reflect
the clinical databases for CHD where LDL-C was estimated by the
Friedewald equation.

Using 156 fasting serum samples and 4 samples from diabetic patients
with <452 mmol/l (400 mg/dl) TG, the correlations between the
Friedewald equation and the 4 homogeneous assays for LDL-C were
investigated because the Friedewald equation cannot be used to
estimated LDL-C in samples with >4.52 mmol/1 (400 mg/dl) TG [5,14].
Of the homogenous assays evaluated, LDL-C (S) was correlated most
closely with LDL-C (F). However, the homogenous assays for LDL-C
occasionally exhibited lower concentrations of LDL-C than the Friedewald
equation (Fig. 1). When the samples showing lower concentrations were
analyzed by PAGE, a large amount of midband was detected in samples A
through G, indicating increased concentrations of IDL (Fig. 3) [23]

Furthermore, when these samples were analyzed by immunoblotting,
apoE2/2 was identified (Table 1). It was suggested that samples A through
G are from patients with type Il hyperlipoproteinemia, indicating
increased levels of IDL or 3-VIDL [28,29]. When samples G through |
were analyzed by PAGE, a midband was detected (Fig. 3), and their LDL-
MI values were =040 (Table 1) [24,25]. This suggests that samples G
through I contain a large volume of small dense LDL. When samples ]
through N from diabetic patients were analyzed by PAGE, a midband was
detected (Fig. 3), and the LDL-MI values of sample K through N were
=040 (Table 1), suggesting that the samples contain IDL and small dense
LDL.

LDL-C (F) and the 4 homogeneous assays for LDL-C were compared
with LDL-C (BQ), using 7 samples from the patients with type IIl
hyperlipoproteinemia (samples A through G) and 5 samples from
diabetic patients (samples J through N). Of the method tested, LDL-C
(5) and the Friedewald equation mostly agreed with LDL-C (BQ),
whereas a consistent mean negative bias of LDL-C (E), LDL-C (L) and
LDL-C (P) against LDL-C (BQ) was observed more apparent in the
Bland-Altman plot (Fig. 4). In the samples, sample D exhibited the
largest difference among the measurements methods. LDL-C (S)
mostly agreed with LDL-C (BQ) in sample D, whereas LDL-C (F)
exhibited slightly higher values and other LDL-C homogeneous
measurements exhibited markedly lower values. In general, using
type Il hyperlipoproteinemia samples, upward deviations in the
Friedewald equation against LDL-C (BQ) have been reported [5,14].
Nevertheless, in the present study, there was no significant difference
between the 2 methods (Fig. 4). Based on the medical records of the
patients (A to F) with type III hyperlipoproteinemia, these patients
were managed with lipid-lowering drugs, such as fenofibrate or
bezafibrate, and the serum concentrations of TC and TG in the patients
were maintained at low levels. In such a situation, upward deviations
in the Friedewald equation against the LDL-C (BQ) might not be able
to be caused even in the patients with type III hyperlipoproteinemia.

As shown in Figs. 1 and 4, marked downward deviations were
observed in LDL-C (L) and LDL-C (E) methods against the Friedewald
equation and B-quantification method, especially in the samples from
the patients with type Il hyperlipoproteinemia, not in those from
diabetic patients. The composition or amounts of IDL and triglyceride-
rich lipoprotein remnants in the samples from the patients with type ill
hyperlipoprotéinemia seem to differ from those from the diabetic
patients. In fact, the cholesterol content and the cholesterol-triglycer-
ides ratio in IDL from the patients with type Il hyperlipoproteinemia are
reported to be larger than those from the diabetic patients [30,31}. Such
adifference seems to be reflected in the difference in the reactivities for
the homogenous assays for LDL-C [17].

In this study, 4 homogeneous assays with different measurement
principles were used for LDL~C [LDL-C (L), LDL-C (S), LDL-C (E), and
LDL-C (P)] [12]. However, the measurement principles for the
homogeneous assays for LDL-C can-be divided into two groups: 1)
method 1 in which cholesterols in lipoproteins, other than LDL, are
eliminated in the first reaction and cholesterol in LDL is detected in
the second reaction [LDL-C (L), LDL-C (E) and LDL-C (P)}; and 2)
method II in which LDL is selectively modified by surfactants, making
its component cholesterol available for enzymatic assay [LDL-C (S)]. In
type Il hyperlipoproteinemia, the results tended to be low for method
1 [LDL-C (L), LDL-C (E) and LDL-C (P)] (Fig. 4B, D and E). With the
methed I, cholesterols in HDL, VLDL and chylomicron are eliminated
in the first reaction, and LDL-C is measured in the second reaction.
Unlike LDL, IDL from the patients with type Il hyperlipoproteinemia
has not only apoB but also apoE and apoCs, which are relatively
hydrophilic. Therefore, the surface structure of such lipoproteins
differs from that of the LDL in terms of charge, while the
apolipoprotein composition of such lipoproteins is similar to that of
the VLDL [32]). In the case of samples with higher IDL levels from the
patients with type Il hyperlipoproteinemia, therefore, with the
method I some portion of cholesterol in such IDL may also be eliminated
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Fig. 4. Correlations between LDL-C (BQ), LDL-C (F) and 4 hornogeneous assays for LDL-C in discrepancy samples and samples from diabetic patients. The Bland-Altman difference
plot is shown. (A), LDL-C (BQ) vs. LDL-C (F). (B), LDL-C (BQ) vs. LDL-C (L). {C), LDL-C (BQ) vs. LDL-C (S). (D), LDL-C (BQ) vs. LDL-C. (E}, LDL-C (BQ) vs. LDL-C (P). Seven type Ill
hyperlipoproteinemia samples (samples A, B, C. D, E, F and G with closed circles) and five samples from diabetic patients (samples ], K, L, M and N with open triangles) were used.

during the first reaction. Accordingly, LDL-C measurements with the
method I may lead to lower values than those of the B-quantification
method and the Friedewald equation. With the method I, it has been
reported that the nonionic surfactant, polyoxyethylene-polyoxypropy-
lene block copolyether, may be able to recognize differences in hydrated
density, net charge, or size of the various lipoprotein fractions [33). It is
most likely that such specific surfactant used in LDL-C (S) method shows
the specificity toward IDL from the patients with type Ill hyperlipopro-
teinemia as well as LDL. On the other hand, Miller et al. [34] reported that
the selective solubilization method for LDL-C measurement,
corresponding to LDL-C (S) in this study, gave the big difference against

the B-quantification method with the specimens from type Il hyperli-
poproteinemia. In this study, we used a currently commercially available
reagent purchased from the manufacturer, in which the non-specific
reactivity toward cholesterol in triglyceride-rich lipoprotein remnants
from type 1l hyperlipoproteinemia are sure to be improved. It has been
reported that IDL concentrations increase in serumn samples from patients
with type IIl hyperlipoproteinemia, diabetic mellitus [35], or myocardial
infarction [23]. Furthermore, accumulating evidence indicates that IDL is
associated with the presence, severity, and progression of coronary artery
atherosclerosis [18,36,37). In serum samples from the patients with
increased IDL from type Il hyperlipoproteinemia, the method I may
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Fig. S. Boxplots of the difference between LDL-C (BQ), LDL-C (F) and 4 homogeneous
assays. Values are rep d as median + interquartile range with upper and lower
limits. F— BQ, the difference between LDL-C (BQ) and LDL-C (F). L —BQ, the difference
between LDL-C (L) and LDL-C (BQ). $ — BQ, the difference between LDL-C (S) and LDL-C
(BQ). E—BQ, the difference between LDL-C {E) and LDL-C (BQ). P —BQ, the difference
between LDL-C (P) and LDL-C (BQ).

underestimate the LDL-C values compared with the Friedewald equation
and the B-quantification method.

On the other hand, in this study, the significant differences among
LDL-C methods have not been observed in serum samples from the
diabetic patients with increased IDL. Further studies are needed to
clarify such differential reactivity of IDL from type III hyperlipopro-
teinemia and diabetic patients in LDL-C homogeneous assays. .

Using some samples with higher small dense LDL, the homoge-
neous assays for LDL-C exhibited lower values compared to LDL-C (F)
(Fig. 1). Compared to normal LDL, small dense LDL has a different
overall three-dimensional structure of apoB and immunoreactivity at
the apoB receptor recognition domain [38]. In small dense LDL, being
smaller than LDL, there is significant loss of phospholipids from the
surface, loss of cholesterol esters from the core, gain of TG into the
core, and most importantly, loss of free cholesterol from both the
surface and the core [39). Furthermore, compared to normal size LDL,
small dense LDL has intrinsically increased susceptibility to LDL
oxidation and aggregation [40,41]. As described above, small dense
LDL is different from normal LDL in terms of structure and the
property on lipoprotein. Therefore, unlike LDL, small dense LDL might
not be fully recognized to the LDL-C homogeneous assays, thereby
resulting in lower estimations of LDL-C. Further studies must examine
the reactivity to small dense LDL in LDL-C homogeneous assays.

When investigating the correlations of the 4 homogenous assays for
LDL-C to the Friedewald equation, LDL-C (S), which is selective
solubilization method for EDL-C, correlated most closely to the Friedewald
equation and even with type Il hyperlipoproteinemia samples, a
favorable correlation was observed between LDL-C (S) and LDL-C (BQ),
thus suggesting that LDL-C (S) closely reflects the clinical databases for
CHD where LDL-C was estimated by the Friedewald equation.
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The aging of society is a common problem in many developed countries. To tackle the problems
related to an aging society, the role of geriatricians, as well as government support, is becoming
more and more important. There is need to recruit young physicians with the skills required to
care for elderly patients, and to establish an education system which encourages more young
physicians to undertake training in geriatrics. Additionally, there is a need for improvement of our

insurance systems to support such care. Our approach to the aging society will pave the way for
other countries in Asia and the west.
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1. Aging of society in Japan

The aging of society is a phenomenon affecting many developed
countries in the west and Asia (Khaw, 1999; Imuta et al., 2001).
Among them, Japan has the highest proportion of over-65s in the
world: 22.1% in 2008. Further, 10.4% of the total population is
over 75, making Japan the first country to have over 10% of the
population in this very elderly range. In addition, we have also the
longest average life span in the world: the 2008 life span being
approximately 79 and 86, in men and women respectively. The
aging rate will continue to rise in the future, yet fewer babies
are born each year. Accordingly, Japan is inexorably aging. Our
population has already peaked just short of 130 million, and we
will face a population decline on a scale unprecedented in the
developed world during this century. Although we have obtained
this astonishing longevity, relatively inexpensively and within a
short period of time, compared with other countries, we are
facing a lot of problems associated with aging of our society, such
as shortage of health-care professionals. Another problem is the
increase of people with cognitive decline or dementia. The number
of such people is estimated to be approximately 2 million and will
definitely increase in the future (Meguro et al., 2007; Ikejima et al,
2009). Therefore, the support for dementia patients and their family
becomes more and more important.

Our economic growth rate and technological achievements held
the world in awe after World War II. However, in the future, Asian,
as well as Western countries should watch Japan for another reason.
The choices we make can affect the way in which the rest of the
aging world tackles the same problem in years to come. Therefore,
in this editorial I will describe what we have done for our society
and what we should do as geriatricians and as members of the
Japan Geriatrics Society, to meet the health-care needs of our aging
population.
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2. Establishment of long-term care insurance (LTCI)

One of the problems tackled was to develop a social insurance
system for elderly people, especially for frail elderly, mainly for the
purpose of community-based caregiving. Japan moved decisively
toward “socialization of care” for the frail elderly by initiating
public, mandatory long-term care insurance (LTCI) on April 1, 2000
(Arai, 2001). Those aged 65 and over who need nursing care in their
daily lives and those who require long-term care due to illnesses
between the ages of 40 and 64 (specified illnesses) are eligible to
receive the care services of LTCI. Consumers can choose the services
and providers that they want. However, the increase in the number
of elderly people requiring LTCl, and the associated costs of these
services, are imposing a burden on our society. The Ministry of
Health, Labor and Welfare estimated that the number of elderly
people requiring LTCl will increase from 1.5 million in 2000 to
5.2 million by 2025. This increase in LTCI demand due to an increase
in the elderly population will jeopardize our society, as well as the
LTCI service itself. It has been reported that most institutions and
businesses related to LTCI face difficulties in their operation. Most
such care facilities employ care workers bettering their running.
As care workers in the LTCI service receive insufficient rewards
for their efforts, there is a high turnover rate, with many such
workers leaving their jobs. Although the relationships between
the economy and labor situation, and increases in LTCI demand
are not clear, stable management of LTCl, including the efficient
running of related facilities, and high job satisfaction among care
workers, is required for the sustainability of the LTCI system.
Since 2006, LTCI regional comprehensive support centers have been
introduced to deal with counseling related to elderly care and care
management. Nurses, care workers, and physical and occupational
therapists are running these centers. In spite of tough economic
situations, [ hope the Japanese government will decide to put more
money into this system, although we should maintain our efforts
to improve the cost-effectiveness of health care for the elderly, and
decrease the number of frail elderly by preventing cardiovascular
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