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Abstract: 4im: To determine the effects of simultaneously ingesting glucose and fat on postchallenge glycemia and lipidemia
in 12 healthy young Japanese women. Methods: Three test trials were administered in a randomized crossover design: glucose (1
g/kg, G trial); fat cream (0.35 g/kg as fat; F trial); glucose + fat cream (GF trial). Blood samples were taken before and at 0.5, 1,
2, 4, and 6 h post-ingestion. Results: The GF trial's serum glucose peak value was lower than the G trial's, and its remnant
lipoprotein-cholesterol (RLP-C) increase was less than the F trial's. The GF trial's apolipoprotein (Apo) B48 increase happened
faster than the F trial's. The G and GF trials' insulinogenic index (I/G30) values were negatively correlated with the area under the
curve (AUC) of glucose for 2 h. Fasting insulin level and HOMA-IR were positively (and QUICKI and I/G30 were negatively)
correlated with the AUC of insulin for 2 h. The F and GF trials' fasting TG, RLP-C, ApoB48, and ApoC-III levels were positively
correlated with the AUC of TG and RLP-C for 6 h. The fasting ApoB48 level predicted the AUC of ApoB48 for 6 h. Conclusion:
The glucose peak was ameliorated by co-ingesting fat. /G30 predicted an early postchallenge (0-2 h) glucose rise. The fasting
insulin level, HOMA-IR, QUICKI, and I/G30 predicted an insulin rise. The RLP-C rise by fat ingestion was ameliorated by
co-ingesting glucose. Fasting TG, RLP-C, ApoB48, and ApoC-III levels predicted postchallenge TG and RLP-C rises. The
fasting ApoB48 level predicted postchallenge apoB48, i.e., a rise in intestinal lipoprotein.

Keywords: Remnant Lipoprotein-Cholesterol, Apolipoprotein B48, Apolipoprotein C-I1I, Insulin Sensitivity,
Insulin Resistance

1. Introduction

People in developed countries spend most of their waking
hours in the postprandial state, and postprandial
hyperglycemia and lipidemia are significant risk factors for
atherosclerosis. However, glucose and lipids in the blood are
usually measured in the fasting state because most of the
guidelines for glucose and lipid metabolism provide
diagnostic criteria that are based on fasting values. When only
fasting values are used, a significant proportion of at-risk
subjects could be overlooked or evaluated incorrectly. Clinical
evaluations of postprandial glucose metabolism are often
based on the results of a 75-g oral glucose tolerance test, but
there is no standardized oral fat tolerance test. In addition,
although postprandial glycemia and lipidemia were usually
studied separately, common foods contain both carbohydrate
and fat. If only one nutrient is examined, the effects of another

nutrient will be missed. For example, D-fructose and
D-allulose both ameliorate the glycemic response compared to
glucose, but they delay and even exacerbate postprandial
lipidemia [1, 2]. O'Keefe et al. proposed that both postprandial
hyperglycemia and postprandial hyperlipidemia be dealt with
together as 'postprandial dysmetabolism' [3]. Postprandial
dysmetabolism is a major but less recognized disturbance in
the development of atherosclerosis and coronary heart disease
(CHD).

Postprandial glucose values >7.8 mmol/L (140 mg/dL) are
associated with an increase in all-cause mortality [4]. Diabetes
mellitus is an independent risk factor for ischemic stroke in
both men and women, whereas diabetes was an independent
risk factor for CHD in the women but not in the men in a
Japanese  population [5].  Postprandial —but  not



154 Kaori Kuzawa et al.:

fasting — blood glucose is an independent risk factor for
cardiovascular events in type 2 diabetes with a stronger
predictive power in women than in men [6]. These findings
suggest that glucose intolerance and diabetes may give rise to
more serious outcomes in women than in men.

Approximately 40% of all cases of premature
atherosclerosis  develops in fasting normolipidemic
individuals [7, 8], but most people are in the nonfasting state
for most of the day, and this may be a better reflection of their
true metabolic state. Although fat-loading studies
demonstrated that the fasting triglyceride (TG) level is
positively correlated with postprandial triglyceridemia [9], the
nonfasting TG level has a stronger association with
cardiovascular disease compared to fasting TG [10]. Small
changes in fasting TG can lead to larger differences in diurnal
triglyceridemia, probably due to the competition for removal
mechanisms by lipoprotein lipase between endogenous and
exogenous TG-rich lipoprotein (TRL) particles [11].

Nonfasting TG levels are associated with incident
cardiovascular events independently of traditional cardiac risk
factors, levels of other lipids, and markers of insulin resistance,
particularly in women [11-14]. The elevation of the
remnant-like particle-cholesterol level has been reported to be
a better CHD risk marker than the serum TG level, particularly
in women [15]. TG levels increase in older individuals and are
thought to be a significant risk factor for CHD, particularly in
women [16]. Regarding the mechanism of atherogenesis, both
postprandial hyperglycemia and hyperlipidemia may initiate
and accelerate the development of atherosclerosis by
stimulating the inflammatory process and the production of
active oxygen/free radicals [17-19].

In Japan, the ingestion of fast food that is rich in saturated
fat and processed carbohydrates such as sucrose and
high-fructose corn syrup is higher among university students
than in high-school students [20]. Young women are generally
rather resistant to glycemic and lipidemic loads and to
diabetes mellitus, but once they develop such disease, the
harm is more severe for women than for men.

We sought to determine the effects of the simultaneous
ingestion of glucose and fat on postchallenge glycemia and
lipidemia, and we attempted to identify the parameters that
can be used to predict postprandial glycemia and lipidemia in
healthy young Japanese women.

2. Methods
2.1. Subjects

Twelve healthy young Japanese women (age 21.1 £ 0.2 yr)
with a normal ovarian cycle and apolipoprotein E phenotype
3/3 were enrolled. They were non-smokers, were not suffering
from any apparent acute or chronic illness, and were not
taking any medications or dietary supplements. This study
was approved by the Institutional Review Board of the
Sugiyama Jogakuen University School of Life Studies (No.
2017-28). The subjects provided written informed consent.
The procedures were conducted in accord with the Helsinki
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Declaration of 1975 as revised in 1983.
2.2. Anthropometric and Body Composition Measurements

Each subject's body mass and height were measured
according to standard methods. The waist circumference was
assessed as the abdominal girth at the level of the umbilicus,
and the hip circumference was measured at the level of the
greater trochanters. The waist-to-hip (W/H) ratio was
calculated. The body composition including the visceral fat
area (VFA) was analyzed by an 8-polar bioelectrical
impedance method (InBody720, BioSpace, Tokyo, Japan).

2.3. Glucose and Fat Loads

Each subject was studied on 3 trial occasions. At each test
trial, the subjects ingested one of 3 beverages containing
glucose (1 g/kg body mass) or OFTT cream (Jomo, Takasaki,
Japan; 1 g/kg as cream, 0.35 g/kg as fat) or both the glucose
and the cream, in a randomized crossover design. The OFTT
cream was used as described [21]. The 3 beverages were
prepared as follows. The glucose beverage (G trial) was
prepared by mixing 1 g/kg of glucose (Marugo, Soka, Japan)
with distilled water (5.1 mL/kg). The fat beverage (F trial) was
prepared by mixing 1 g/kg of OFTT cream (0.35 g/kg as fat)
with the same final amount of distilled water. The
glucose + fat beverage (GF trial) was prepared by mixing
glucose (1 g/’kg) and OFTT cream (1 g/kg) with the same final
amount of water. The total volume of each beverage was
approx. 300 mL.

2.4. Experimental Design

One of the 3 beverages mentioned above was administered
after a 12-h overnight fast. The subjects abstained from
consuming alcohol on the day before each trial. Venous blood
samples were taken before (0 h) and at 0.5, 1, 2,4, and 6 h
after the beverage ingestion. During the test, the subjects
avoided exercise and eating, but had free access to waterat 1 h
after the ingestion. The blood samples were taken with the
subject in the supine position. The trials were performed >4
wk apart. The interval of 4 wk between the trial days was to
minimize the confounding effects of the subjects' menstrual
status on their lipid metabolism. One of the subjects ingested
the wrong formula of beverage in the G and GF trials and was
excluded from the analysis. The number of subjects in the G
and GF trials was thus 11.

2.5. Biochemical Analysis

Serum samples were immediately refrigerated (4°C) or
frozen (—80°C) until analysis. The level of glucose was
measured by a mutarotase-glucose oxidase method (Wako,
Osaka, Japan). The level of insulin was measured by a
chemiluminescent enzyme immunoassay (Fujirebio, Tokyo).
The hemoglobin Alc (HbAlc) was measured by a latex
agglutination method (Fujirebio) and was expressed as the
National Glycohemoglobin Standardization Program (NGSP)
value. The level of glycoalbumin (GA) was measured
enzymatically (Sekisui Medical, Tokyo). 1,5-Anhydroglucitol
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(1,5-AG) was determined by an enzymatic method
(Determiner L 1,5-AG, Kyowa Medex, Tokyo). Insulin
resistance was evaluated by the homeostasis model

assessment for insulin resistance (HOMA-IR) [22]. The
quantitative insulin sensitivity check index (QUICKI) [23]
was calculated as follows;

QUICKI = 1/[log(fasting glucose, mg/dL) + log(fasting insulin, mIU/L)]

The insulinogenic index (I/G30) was calculated as:

I/G30 = 4insulin (30 min — 0 min, mIU/L)/4glucose (30 min — 0 min, mg/dL)

The level of free fatty acid (FFA) was measured
enzymatically (Wako). The level of total cholesterol (TC) was
measured enzymatically (Sysmex, Hyogo, Japan). The level
of high-density lipoprotein-cholesterol (HDL-C) was
measured by a direct method (Fujirebio). Low-density
lipoprotein-cholesterol (LDL-C) was calculated by the
Friedewald formula. Small, dense LDL-C (sdLDL-C) was
measured enzymatically (Denka Seiken, Tokyo). TG was
measured enzymatically (Sekisui Medical). The level of
remnant lipoprotein-cholesterol (RLP-C) was measured with a
homogeneous assay (MetaboRead RemL-C, Kyowa Medex,
Tokyo). Lipoprotein(a), i.e., Lp(a) was measured by a latex
agglutination method (Sekisui Medical). Apolipoproteins
(Apo) A-I, A-I1, B, C-II, C-III, and E were measured by the
immunoturbidimetric method (Sekisui Medical). ApoB48
was measured by a chemiluminescent enzyme immunoassay
(Fujirebio). The concentration of ApoB100 was calculated by
subtracting the value of ApoB48 from the value of ApoB [24].
The ApoE phenotype was measured using the isometric
electrophoresis method (Phenotyping ApoE IEF System, Joko,
Tokyo).

2.6. The Quantification of the Subjects' Postchallenge
Metabolism

Postchallenge changes in the concentrations of serum
glucose, insulin, TG, RLP-C, ApoB100, and ApoB48 were
calculated as the difference from the baseline mean value (as 0
at 0 h) and are shown as Aglucose, dinsulin, ATG, ARLP-C,
AApoB100, and AApoB48, respectively. The subjects'

postchallenge metabolism was quantified by calculating the
area under the curve (AUC) from 0 to 2, 4, or 6 h by the
trapezoidal method.

2.7. Statistical Analyses

The statistical analyses were performed using SPSS ver. 25
software (IBM, Tokyo). A normal distribution of data was
verified using the Shapiro-Wilk test for skewness and kurtosis
of distribution. Non-normally distributed data were examined
for a normal distribution when logarithmically transformed,
and they were analyzed using parametric statistics. The data
are presented as the mean = SEM. The differences in the
time-course compared with the fasting values were analyzed
by performing a repeated measures analysis of variance
(ANOVA), followed by the Dunnett test. The measured value
differences at each time-point in the three trials were assessed
by a repeated measures ANOVA followed by the Bonferroni
test. For the correlation analysis, Pearson's correlation
coefficient was calculated. For all data, p<0.05 was considered
significant.

3. Results

The physical characteristics and fasting blood chemical
data of the subjects are summarized in Table 1. There were no
significant differences in any of the physical characteristics in
the 3 trials (data not shown). All 3 beverages were well
tolerated by the subjects, and none reported nausea, vomiting,
or diarrhea during or after the trials.

Table 1. Physical characteristics and fasting blood chemical data of the subjects.

Age (years) 21.1 + 0.2
Height (cm) 160.5 + 1.4
Mass (kg) 49.5 = 1.0
BMI (kg/m?) 19.2 + 0.4
Waist (cm) 67.8 = 0.9
Hip (cm) 89.3 + 1.0
W/H 0.76 + 0.01
VFA (cm?) 22.4 + 3.0
SBP (mmHg) 105.6 + 2.6
DBP (mmHg) 66.6 = 24
PR (beats/min) 84.0 = 34

HOMA-IR 1.2 + 0.1
HbAlc (%) 54 + 0.1
GA (mg/dL) 14.0 + 0.1
1,5-AG (mg/L) 21.3 + 1.7
TC (mg/dL) 161.2 + 7.8
HDL-C (mg/dL) 60.8 + 3.0
LDL-C (mg/dL) 88.0 + 6.3
sdLDL-C (mg/dL) 15.3 + 1.3
apoE phenotype E3/E3

SBP: systolic blood pressure, DBP: diastolic blood pressure, PR: pulse rate.

3.1. Glucose, Insulin, and FFA

The fasting and postchallenge chemical data of serum
glucose, insulin, and FFA in the 3 trials are presented in
Table 2. The time courses of Aglucose and Ainsulin are

shown in Figure 1. The serum concentrations of glucose in
the G and GF trials were significantly increased at 0.5 h
compared to the fasting levels. The concentrations of
glucose in the GF trial were significantly lower compared
to those in the G trial at 0.5 and 1 h. In the G and GF trials,
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the glucose concentration peaked at 0.5—1 h and returned to
baseline at 4 h. No significant rise in the glucose
concentration was observed during the F trial (no glucose
load).

The serum insulin concentrations in the G and GF trials
were significantly higher compared to those in the F trial at 0.5,
1,2, and 6 h. In the G and GF trials, the insulin concentration
peaked at 0.5 h and returned to or was below baseline at 4 h.

Simultaneous Evaluation of Postchallenge Glycemia and Lipidemia in Young Women

There were no significant differences in these data between
the G and GF trials. In the F trial, the insulin level increased
slightly but significantly at 0.5 h.

The serum concentrations of FFA decreased immediately in
the G and GF trials but not in the F trial, reaching the nadir at
1-2 h. The FFA level then tended to increase toward the end of
the trial. In the G and F trials, the FFA concentrations at 6 h
were significantly increased compared to the fasting levels.

Table 2. Fasting and postchallenge concentrations of serum glucose, insulin, and FFA.

Trial 0 0.5 1 2 4 6 (h)
Glucose 775 £ 2.1 1252 + 4.4* I 1252 + 67% 7, 922 + 4.9* 697 = 19 757 + 16 }#
(og/dly 815 £ 13 775 + 14* 1s T8 = 12% 4 } 81.1 + L6 J# 779 + 13* 744 + 2.1*

GF 783 + 14 1107 + 5.0% 1057 = 6.6% | 1064 + 9.5 740 + 1.7 758 + 12
weutin O 61 + 0.6 463 =+ 50% I 401 = 50% |, 196 + 2.7* I 43 + 05% 49 + 04 J#
@i F 60 + 07 86 + 09* 1 69 07 o 52+ 06 1 32 + 05% 3.1 + 0.5*

GF 71 + 07 411 + 72% 402 + 7.0% | 267 + 1.6* 43 + 0.64* 40 + 04*
FEA 042 + 0.05 036 + 0.09 0.10 + 0.01% |, 005 + 0.01* & 0.80 + 0.09 092 + 0.13*
(mmolL) F 045 + 0.05 046 =+ 0.04 041 =+ 005 o 064 + 0.08 1 Jn 070 + 0.08 1.09 + 0.14*

GF 058 + 0.15 039 + 0.07 0.16 + 0.03* 0.16 + 0.04* 0.56 + 0.07 079 + 0.08

Values are mean = SEM.

0
60
50
40
30

AGlucose (mg/dL)

Time (h)
A

*p<0.05 vs. the fasting value. #p<0.05 between the trials.

60

50

Alnsulin (mIU/L)

Time (h)
B

Values are mean + SEM. 9 | Girial, A : F trial, m : GF trial.

Figure 1. Postchallenge Aglucose (4) and Ainsulin (B).

3.2. TG, RLP-C, ApoB48, and ApoB100

The fasting and postchallenge chemical data of TG, RLP-C,
ApoB48, and ApoB100 in the 3 trials are presented in Table 3.
The time courses of ATG, ARLP-C, A4ApoB48, and
AApoB100 are illustrated in Figure 2. The serum
concentration of TG significantly increased at 2 and 4 h in the

F and GF trials, and it peaked at 2 h in both trials. At 6 h, the
TG level had returned to or was below baseline in the trials.
The peak value of TG at 2 h was slightly lower in the GF trial
compared to the F trial, but not significantly so. No increase in
the TG concentration was observed in the G trial (no fat load),
and the TG concentration was significantly decreased at 2 and
4 h compared to the baseline.

Table 3. Fasting and postchallenge concentrations of serum TG, RLP-C, ApoB48, and ApoB100.

Trial 0 1 2 7 3 )
G G 746 + 101 620 * 40 530 & 44* } , 85 = 46 672 * 62
mgayy F. 666 = 85 707 & 87 882 + 115+ 770+ 1L1* 533 4 6.6*
GF 658 + 115 726 + 106 798 +  12.6* 772+ 8.9 550 + 64
jpe G 27 % 03 25+ 03 23+ 03 25  + 03 20 + 04
pn s 30 + 05 31 + 05 35+ 06+ 37+ 07 28 & 04
GF 30 + 06 31 £ 05 32 o+ 05 34 + 05 290  + 04
G 24 £ 03 24 £ 03 25+ 03 18 o+ 03* 12+ o01*
é‘;"’}i‘)‘g F 25 + 04 30 + 03 39 = 05* 39 &+ 0.5 }”}u 20 + 02 }”}a
L) Gr 20 £ 04 36 £ 05% 37 & 05 35 4+ 05 22+ 03
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Trial 0 1 2 4 6 (h)
ApoB100 G 64.6 = 43 61.5 +  4.1% 61.3 = 4.0% 63.4 = 4.0 633 £ 4.0
(£gdL) F 62 + 39 63 =+ 42 617 +  42% 628 + 4l 635 + 42
GF 64.4 EE 4.7 62.6 +  44* 60.6 EE 4.4% 63.3 = 4.8 645 <+ 438
ApoC-II G 2.8 = 0.2 2.7 == 0.2* 2.8 = 0.2 2.8 == 0.2 2.7 + 02
(nrl)g/dL) 2.6 EE 0.2 2.6 + 0.2 2.5 EE 0.2 2.3 + 0.2* 2.3 + 0.2%*
GF 2.5 EE 0.3 24 + 0.3 2.4 EE 0.3 2.3 + 0.3* 2.1 + 0.3*
Apocap & 78 = 04 76 = 040 76 = 04 74 = 04 71+ 04
(nrl)g/dL) F 7.4 + 0.5 7.1 + 0.50 6.7 EE 0.5* 6.5 + 0.5* 6.3 +  04*
GF 7.2 + 0.7 7.0 + 0.66 6.6 + 0.6* 6.5 + 0.6* 5.9 + 0.5%
Values are mean + SEM. *p<0.05 vs. the fasting value. # p<0.05 between the trials.
30 10
20
10 i
£ 0 E
e o
N =10 ea
-20
-30 0.8 * . s L L '
1] 1 4 6 0 1 2 4 [
Time (h) Time (h)
A B
25 z

AApoB48 (mg/l)

Time (h)
C

+

WValues are mean

AApaB100 (mgldL)

Time (h)
D

SEM. @ : Guial. A : Fuial m ¢ GF trial.

Figure 2. Postchallenge ATG (A), ARLP-C (B), 44ApoB48 (C), and AApoB100 (D).

The RLP-C concentration was significantly increased at 2—
4 h, and returned to baseline at 6 h in the F trial. The increase
in the RLP-C concentration in the GF trial was not significant.
The RLP-C levels at 2 and 4 h tended to be lower in the GF
trial compared to the F trial.

The concentration of ApoB48 was significantly increased at
2 h, peaked at 4 h, and returned to baseline at 6 h in the F trial.
In the GF trial, it increased significantly at 1 h and peaked at 2
h. In the G trial, no increase in the ApoB48 concentration was
observed, and it has fallen below the baseline value at 4 and 6
h. The ApoB100 concentration was decreased at 1 and 2 h in
the G and GF trials, and it returned to baseline thereafter. In
the F trial, a decrease in the ApoB100 concentration was

observed at 2 h.

Table 4. Correlation analysis between the indices of glucose metabolism and
the AUC(0-2h) of insulin and glucose in the G and GF trials.

Trial AUC(0-2h) r
Fasting insulin G Insulin 0.648*
GF Insulin 0.713*
QUICKI G Insulin -0.688*
GF Insulin -0.688*
HOMA-IR G Insulin 0.686*
GF Insulin 0.691*
1/G30 G Glucose -0.756**
GF Glucose -0.610*

#p<0.05, **p<0.01.
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3.3. Correlation Analysis Between Indices of Glucose
Metabolism and the AUC of Insulin and Glucose in the
G and GF Trials

In the G and GF trials, the subjects' values of fasting insulin
and HOMA-IR were positively correlated and the QUICKI
values were negatively correlated with the AUC(0-2 h) of
insulin. I/G30 was negatively correlated with the AUC(0-2h)
of glucose (Table 4). HbAlc, GA, and 1,5-AG showed no

Simultaneous Evaluation of Postchallenge Glycemia and Lipidemia in Young Women

significant correlation with the AUC(0-2h) of glucose or
insulin (data not shown).

3.4. Correlation Analysis of the Fasting Values of Lipid
Metabolism

In the F and GF trials, the fasting values of TG, RLP-C,
ApoB48, and ApoC-III were positively correlated with each
other (Table 5).

Table 5. Correlation analysis between the fasting values and the AUC(0-6h) or the peaks of lipid metabolism in the F and GF trials.

. Fasting AUC(0-6h)) Peak
TG RLP-C ApoB48 ApoC-I11 TG RLP-C ApoB48 TG RLP-C ApoB48
TG 0.906** 0.772%* 0.680* 0.962**  0.850**  0.633* 0.957**  0.839**  0.650*
st RLP-C 0.906** 0.794%* 0.661* 0.931**  0.983**  0.677* 0.910*%*  0.980**  0.654*
ApoB48 0.772%%* 0.794%* 0.802%* 0.757**  0.783**  0.760** 0.737*%*%  0.773**  0.710**
ApoC-1II  0.680* 0.661* 0.802** 0.670* 0.631* 0.615* 0.599*
GF trial Fasting AUC(0-6h) Peak
TG RLP-C ApoB48 ApoC-I11 TG RLP-C ApoB48 TG RLP-C ApoB48
TG 0.895%* 0.729* 0.869** 0.957**  0.884%** 0.942%*  (.875**
st RLP-C 0.895%** 0.670* 0.802** 0.860**  (0.935** 0.780%*  0.928**
ApoB48 0.729* 0.670* 0.924 %% 0.762**  0.775*%*  (.793** 0.734%* 0.778**  0.736**
ApoC-III  0.869** 0.802%* 0.924** 0.895**  (0.882*%*  (.764** 0.890**  0.876**  0.726*

#£p<0.05, **p<0.01.

3.5. Correlation Analysis of the Fasting Values and the AUC
or Peaks of Lipid Metabolism in the F and GF Trials

In the F and GF trials, the fasting TG, RLP-C, ApoB48, and
ApoC-III values were positively correlated with the AUC(0—
6h) of TG and RLP-C (Table 5). Fasting ApoB48 was
correlated with the AUC of ApoB48 in both the F and GF
trials, but ApoC-III was correlated with the AUC of ApoB48
only in the GF trial. Fasting HDL-C and sdLDL-C showed no
significant correlation with these parameters (data not shown).

4. Discussion

The rise of the serum glucose concentration of healthy
young Japanese women was higher after the glucose load
without fat compared to the glucose load with fat, suggesting
that the co-presence of fat ameliorated the increase in the
serum glucose concentration, although no such difference was
observed in the insulin concentration. In the co-presence of
glucose with fat, the subjects' serum TG peak was slightly
lower and the rise of RLP-C tended to be lower compared to
the fat load only. These results suggest that the absorption and
metabolism of glucose and fat are mutually interrelated.

4.1. ApoC-II1

In the fat load test (with or without glucose load), the fasting
ApoC-III levels predicted postchallenge lipidemia and was
correlated with the AUC of TG and RLP-C. A significant
proportion of newly synthesized ApoC-IIl is secreted on
very-low-density lipoprotein (VLDL) particles in the fasting state,
and this proportion increases in the fed state [25]. Elevated
plasma ApoC-III concentrations are associated with increased

plasma concentrations of remnant-like particle-cholesterol and
ApoB48, and the delayed catabolism of remnant-like particles is
related to elevated ApoC-III [26]. When VLDL particles are
cleared from the circulation, their ApoC-III components are not
necessarily catabolized with them [25]. Accordingly, the fate of
ApoC-III in the circulation is not the same as that of VLDL
particles, and ApoC-III is an independent predictor of coronary
events and the progression of CHD [27-32].

4.2. ApoB48

In the fat load tests (with or without glucose load), the
subjects' fasting ApoB48 levels predicted the AUC of TG,
RLP-C, and ApoB48 itself. The postprandial increase in the
level of TG is accounted for by 80% ApoB48-containing
exogenous TRL, with the remaining attributed to
ApoB100-containing endogenous TRL [33]. The increase in
TRL-TG is greater than the increase in ApoB48. ApoB48
secretion as chylomicron (CM) particles is stimulated by lipid
absorption, but the increase in the capacity for the transport of
ingested lipid occurs mainly by lipid enrichment and a marked
enlargement of each CM particle [34, 35]. Therefore, the
increase in ApoB48 (i.e., the CM particle number) was modest
compared to the rise in TG. After a meal, the CM-TG
concentration rises and peaks after 3—4 h, whereas the TG
level in VLDL particles remains relatively constant or peaks
later at 4-6 h [36-38].

The intestine secretes ApoB48-containing lipoproteins with
sizes that vary widely [39], and, in the fasting state, the intestine
still secretes ApoB48-containing lipoprotein as HDL-sized
particles [40]. In the present G trial (without fat), the subjects'
ApoB48 levels further decreased after 4 and 6 h, suggesting that
the 'fasting' level of ApoB48 in the morning after the subjects'
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overnight fast may not be the 'true' fasting level, consistent with
our previous observations [41]. Interestingly, even in the present
healthy young women without glucose intolerance, diabetes
mellitus or fasting dyslipidemia, the fasting value of ApoB4§
predicted postchallenge lipidemia.

TG-rich CM secreted by the intestine begins to appear in the
blood approx. 1 h after an oral intake of fat, and the half-life of
TG in CM is estimated to be approx. 5-8 min [42, 43]. It is
calculated that approx. one-half of the TG in the CM particles
leaves the CM particles in the process of remnant particle
formation [44]. However, ApoB48 remains with the
lipoprotein particles until receptor-mediated uptake occurs,
indicating that the plasma ApoB48 level reflects the number
of exogenous lipoprotein particles. The residence time of
ApoB48 in the circulation was estimated to be 4.8 h [45].

One plausible causal risk factor for postprandial lipidemia
may lie in the postprandial cholesterol metabolism,
specifically the amount of cholesterol in remnant lipoproteins,
with which plasma TG levels are strongly correlated [46]. It is
likely that the late postchallenge increase of RLP-C observed
in the present study took place largely in the endogenous TRL.

4.3. sdLDL

The atherogenicity of LDL depends mainly on its small size,
increased density and increased particle number, but not by its
cholesterol content per se [47]. These abnormalities in LDL
have been known to be the result of defective TG metabolism.
An increased number of LDL particles is the main source of
atherogenicity associated with sdLDL. Although the presence
of sdLDL is closely linked to the fasting plasma TG
concentration, we observed no correlation between the sdLDL
level and the postchallenge AUC of TG in the present study.
This is probably because in young women, the TG level did
not reach the threshold of approx. 1.5 mmol/L [48].

Young women usually have low plasma TG concentrations,
reduced penetrance of sdLDL (pattern B), and low hepatic
lipase activity [49]. Even if small amounts of sdLDL are
formed, they would be efficiently removed from the
circulation, and thus the accumulation of sdLDL is unlikely.
However, prolonged or exaggerated postprandial lipidemia
occurring after repeated meals could lead to more atherogenic
changes in LDL particles. Interestingly, the LDL particle size
was reported to be associated with male longevity, whereas the
TG level, but not the LDL particle size, was associated with
female longevity [50].

4.4. The HDL-C level and the VFA

An inverse relationship has been demonstrated between
HDL-C levels and the magnitude of postprandial lipidemia [51],
but in the present study, no correlation was observed between
the fasting HDL-C level and postchallenge lipidemia. It was
reported that increased fat mass, especially visceral fat, results
in enhanced postprandial triglyceridemia [52-54]. However, we
detected no correlation in the present study between
postchallenge lipidemia and the VFA, probably because the
subjects were all lean and their VFA values were low.

4.5. Insulin Sensitivity and Insulin Resistance

Insulin inhibits the assembly and secretion of VLDLI
particles by mechanisms involving an increase in ApoB100
degradation [55]. The lower postchallenge increase of RLP-C
in the present study's GF trial compared to the F trial may have
been caused by the inhibition of the secretion of VLDL
(particularly VLDL1) by insulin. The concentration, the
fractional clearance, and production of TRL-ApoB100 were
not significantly affected by glucose [56]. However, in the
present study, a slight but significant decrease in the ApoB100
concentration was observed after the glucose load (the G and
GF trials). The postchallenge glycemic peak — but not the
total area of glycemia — induced by the glucose load was
ameliorated in the co-presence of fat (GF trial vs. G trial).

The fasting insulin value, the QUICKI value, and the
HOMA-IR result predicted postchallenge insulinemia with or
without fat co-loading, whereas 1/G30 predicted postchallenge
glycemia. These parameters may be valuable for predicting
postprandial glycemia and insulinemia in individuals who do
not have glucose intolerance or diabetes mellitus. However,
the parameters that predicted postchallenge glucose
metabolism were few in number compared to those predicting
postchallenge lipidemia.

4.6. Study Limitations

This study has some limitations. Because of the small
number of subjects, the results should be interpreted with
caution. Postchallenge dysmetabolism (glycemia and
lipidemia) can be used as a surrogate for postprandial
dysmetabolism, but it is not equivalent to it. Therefore,
postprandial dysmetabolism should be examined next after the
consumption of a meal. Another study limitation is that only
healthy young females were enrolled, and it remains unknown
whether these results are applicable to other subjects.

5. Conclusion

The absorption and metabolism of glucose and fat are
mutually interrelated. The rise of our subjects' serum glucose
concentrations was higher after the glucose load only (without fat)
compared to the glucose load with fat, with no difference in
insulin concentration. In the co-presence of glucose with fat, the
serum TG peak was slightly lower and the rise of RLP-C tended
to be lower compared to the fat load only. The fasting TG, RLP-C,
ApoB48, and ApoC-III levels predicted postchallenge TG and
RLP-C increases. The fasting ApoB48 level also predicted
postchallenge apoB48, i.e., an intestinal lipoprotein rise.
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