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Aim: Glucagon-like peptide-1 can reduce both postprandial plasma glucose (PG) and chylomicron
(CM) levels in patients with type 2 diabetes. However, there have been no reports regarding the rela-
tionship between the postprandial metabolism of PG and CM.

Methods: Patients with type 2 diabetes who were admitted for glycemic control were randomized to
insulin alone (Ins; 2=16) or insulin plus vildagliptin 100 mg (InsV; 2=16) groups. The insulin dose
was adjusted to maintain normal blood glucose levels. The daily profiles of serum TG, remnant lipo-
protein cholesterol (RemL-C), and apolipoprotein B48 (ApoB48) were estimated by frequent blood
collection on admission and before discharge, and the daily glucose fluctuation profile was also esti-
mated using continuous glucose monitoring (CGM) before discharge.

Results: The daily profiles of serum TG and RemL-C indicated a significant decrease before dis-
charge compared with on admission; however, no significant changes in serum ApoB48 levels were
observed in either group. At discharge, daily glucose fluctuation profile and the change in the serum
ApoB48 level from fasting to the peak of the daily profile was significantly smaller in the InsV group
than in the Ins group. The increment of serum ApoB48 level was significantly correlated with the
mean amplitude of glycemic excursions calculated using CGM data only in the Ins group (R*=
0.5242, P<0.001).

Conclusions: Short-term glycemic control decreased serum TG and RemL-C levels, but not ApoB48
levels, and the postprandial metabolism of PG and CM might be regulated by the same mechanism
except GLP-1 effect.
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Introduction

When treating diabetes mellitus, we aim to pre-
vent the incidence and progression of complications
that can be caused by continuous hyperglycemia. Many
clinical trials have confirmed that continuous hyper-
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glycemia causes microvascular and macrovascular com-
plications'*. Decreasing hemoglobin Aic (HbAuc) lev-
els, a measure of mean plasma glucose (PG), can pre-
vent microvascular complications™ >, but macrovas-
cular complications may be difficult to prevent®®. In
addition to mean blood glucose elevations, there has
been strong evidence that postprandial hyperglycemia
increases the incidence of coronary artery disease
(CAD)? 9. Administering an alpha glucosidase inhib-
itor can reduce postprandial blood glucose levels and
prevent the incidence of CAD in patients with type 2
diabetes and in those with impaired glucose toler-
ance'"'?.
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Apolipoprotein B48 (ApoB48) is the primary
structural component of chylomicrons (CMs) and is a
triglyceride (TG)-rich lipoprotein that is secreted by
the intestine. Serum ApoB48 levels correlate with
serum CM particle levels. Fasting hypertriglyceridemia
is an independent risk factor for CAD in patients with
type 2 diabetes®, and we previously reported that fast-
ing ApoB48 levels are independent risk factors for
carotid artery plaque in patients with type 2 diabetes'?.
Moreover, ApoB48 can be detected in atherosclerotic
plaque' ', and elevated fasting ApoB48 levels are
also considered to be a risk marker for CAD'® 17
Fasting serum ApoB48 levels are associated with post-
prandial serum TG and ApoB48 levels'® '?. Further-
more, postprandial hypertriglyceridemia in addition
to fasting is an independent risk factor in the general
population®??. The overproduction of CMs was
observed in an animal model of insulin resistance®,
and excess CM secretion has been associated with
postprandial hypertriglyceridemia. Strict glycemic con-
trol with insulin therapy usually decreases serum TG
levels; however, the effect of glycemic control on CM
metabolism and the association between postprandial
metabolism of PG and CM have not been reported.

Incretins, including glucagon-like peptide-1
(GLP-1) and glucose-dependent insulinotropic poly-
peptide (GIP), are secreted by the intestinal tract fol-
lowing stimulation by nutrients and are immediately
inactivated by dipeptidyl peptidase-4 (DPP-4). DPP-4
inhibitors (DPP-4ls), such as vildagliptin, inactivate
DPP-4, thereby increasing active serum incretin levels
in the postprandial state. Incretins, particularly GLP-
1, enhance glucose-stimulated insulin secretion from
pancreatic beta cells and attenuate glucagon secretion
from pancreatic alpha cells. Incretins also decrease the
rate of absorption of nutrients by decreasing gastric
emptying and might directly decrease food intake by
appetite suppression through central regulation®?. A
previous report showed that DPP-4ls and a short-act-
ing GLP-1 receptor agonist ameliorate postprandial
hyperglycemia in patients with type 2 diabetes 2.

In the intestine, GLP-1 decreases the production
of CMs in the postprandial state?”. Previous reports
have also suggested that GLP-1 receptor agonists and/
or DPP-4ls can decrease postprandial serum TG and
ApoB48 levels and ameliorate postprandial hypergly-
cemia in patients with type 2 diabetes?®3?.

We used frequent blood collection and a contin-
uous glucose monitoring (CGM) system to assess the
role of glycemic control in improving the daily profile
of lipids and the correlation between the postprandial
metabolism of PG and CM in patients with type 2
diabetes at the end of short-term hospitalization for
glycemic control.
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Materials and Methods

Subjects

Patients with type 2 diabetes, aged 20—75 years,
who consulted the outpatient clinic of the Nippon
Medical School Chiba Hokusoh Hospital from Janu-
ary 2012 to December 2013, who had HbA:c levels of
>10% at the first visit, and who agreed to hospitaliza-
tion for diabetic control were eligible. Subjects were
excluded if they were treated with insulin, DPP-4I, or
GLP-1 receptor agonist or had a history or evidence of
severe liver or renal disease, endocrine disease, recent
myocardial infarction, cerebral vascular disease, heart
failure, infectious disease, pregnancy, or any carci-
noma.

Study Protocol and Treatment

On admission, all subjects discontinued taking
any oral antidiabetic agents (OADs), underwent diet
therapy, and were randomly assigned using a table of
random sampling numbers to receive either insulin
alone (Ins group) or insulin plus vildagliptin (InsV
group).

Total calories of the daily diet (kcal/day) were
calculated as 27.5 (kcal) xideal body weight (IBW).
IBW (kg) was calculated as 22 x [height (m)]?, accord-
ing to the evidence-based practice guideline for the
treatment of diabetes of the Japan Diabetes Society.
The daily diet comprised 25% fat and 20% protein.
Each subject was provided with three meals per day at
8:00, 12:00, and 18:00.

To assess the daily profiles of serum TG, remnant
lipoprotein cholesterol (RemL-C), ApoB48, C-peptide
(CPR), and PG, blood specimens were obtained from
the cubital vein 30 min before and 2 h after each meal
(7:30, 10:00, 11:30, 14:00, 17:30, and 20:00), at night
(23:00), and in the early morning (3:00) on the first
day after admission and the last day before discharge.
The blood samples collected between 7:30 and 14:00
were immediately centrifuged; those collected between
17:00 and 3:00 were stored at 4°C and centrifuged the
next morning.

To analyze PG, a portion of each blood sample
was collected in a tube with NaF and anticoagulant
and immediately centrifuged after collection. Serum
and plasma were immediately collected after centrifu-
gation and stored at —80C until assayed.

The daily profile of blood glucose was also
assessed using a CGM system (iPro™2, Medtronic)
for the last 2 days before discharge. To assess the daily
glycemic variability, CGM data were used to calculate
mean glucose, standard deviation (SD) of daily glu-
cose, and mean amplitude of glycemic excursions

(MAGE)?Y. The M value was also calculated from



Regulation of PG and CM Metabolism

(n = 59)

Assessed for eligibility

Exclude (n =21)
Concomitant disease (n =2)
DPP-4 inhibitor use (n = 8)

Insulin use (n = 3)
Cre> 1.2 mg/dl (n =2)
Without approvals (n = 6)

Randomized (n = 38)

Insulin
(n=19)

Completed (n = 16)

Drop-out (n = 3)
Detection of malignancy (n =1)
CGMS recording error (n = 2)

Fig. 1. Trial profile

Cere: creatinine

nine-point PG measurements’?.

The medication regimen was initiated after
assessing the diurnal change of PG and serum lipids.
The Ins group received basal-bolus insulin therapy
(BBT) with insulin aspart and insulin detemir without
any OADs. The InsV group received BBT with the
same insulin plus vildagliptin 50 mg bid. All the med-
icines, except OADs, were continuously administered
throughout the study period. In both groups, the
attending physician adjusted the insulin injection dose
to maintain the blood glucose level before each meal
to within 90—120 mg/dL. Diabetic retinopathy was
evaluated 3 days after admission by an ophthalmolo-
gist, and if required, fluorescent fundus angiography

Insulin + vildagliptin
(n=19)

Completed (n = 16)

Drop-out (n = 3)
Withdrawal of approval (n =1)
CGMS recording error (n =2)

and retinal laser photocoagulation were immediately
performed.

Biochemical Measurement

PG level was measured using a glucose oxidase
method, and HbAic level was measured using high-
performance liquid chromatography. Serum total cho-
lesterol (TC), LDL-C, high-density lipoprotein cho-
lesterol (HDL-C: Choletest-HDL, Sekisui Medical),
TG, and glycated albumin (GA: Lucica GA-L, Asahi
Kasei Pharma) levels were measured using enzymatic
methods. Serum apolipoprotein levels were measured
using immunoturbidimetric methods. Non-HDL-C
levels were calculated as TC—HDL-C. 1,5-Anhydro-
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Table 1. Baseline characteristics

Parameter Insulin Insulin + vildagliiptin Pvalue
Number of patients (male) 19 (10) 19 (9) NS
Age (years) 583 65+3 NS
Duration of diabetes (years) 133 9+3 NS
BMI (kg/m?) 24.1%3 26.0%5.4 NS
FPG (mmol/L) 11408 12418 NS
HbAxc (%) 11.0%2.1 11.1£1.8 NS
GA (%) 31.8+2 32.2%2 NS
ALT (mg/dL) 3426 3132 NS
AST (mg/dL) 40%39 32%25 NS
GGT (mg/dL) 90+115 48+35 NS
Cre (mg/dL) 0.67%0.17 0.71x0.21 NS
U-CPR (pg/day) 93.5+17 89.0+16.3 NS
Complication
Absent Achilles tendon reflex (n) 11 12 NS
U-Alb (mg/day) 46.8£80 54.2+88.2 NS
Diabetic retinopathy (DR) NS
none (n) 10 9
simple DR (n) 1 3
preproliferative DR (n) 1 3
proliferative DR (n) 4 1
Medication before admission NS
sulfonylureas (n) 2 4
sulfonylureas + biguanides (n) 1 2
sulfonylureas + thiazolidinediones (n) 1 0
alpha-glucosidase inhibitors (n) 0 1
statins (n) 2 1

Data are expressed as mean * standard deviation. BMI: body mass index, FPG: fasting plasma glucose, HbAic: hemoglobin A1, GA:
glycated albumin, AST: aspartate aminotransferase, ALT: alanine aminotransferase, GGT: gamma glutamyl transpeptidase, Cre: creati-

nine, U-CPR: urinary C-peptide immunoreactivity

glucitol (1,5AG) levels were measured using an enzy-
matic, colorimetric assay (Lana 1,5AG auto liquid;
Nippon Kayaku, Tokyo, Japan). The plasma lipopro-
tein lipase (LPL) mass and serum ApoB48 levels®
were measured using an enzyme-linked immunosor-
bent assay (Daiichi Pure Chemicals and Fujirebio,
Tokyo, Japan, respectively). RemL-C levels were mea-
sured using a homogenous assay (MetaboRead, Kyowa
Medex)*?. Serum and urine C peptide levels were
measured using an electrochemiluminescence immu-
noassay (Roche Diagnostics, Tokyo, Japan).

Statistical Analysis

All analyses were performed using the JMP 11.0
software (SAS Institute, Cary, NC). Values are pre-
sented as mean = SD. Statistical analyses of gender dif-
ferences, diabetic complications, and OAD:s at baseline
were performed using the x? test or Fisher’s exact test,
as appropriate. One-way analysis of variance (ANOVA)
and Tukey’s honestly significant difference tests with
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or without Bonferroni correction were used to analyze
baseline characteristics and treatment response, as appro-
priate. Repeated multivariate ANOVA (MANOVA)
was used to analyze the daily profiles of PG and serum
lipids. P<0.05 or P<0.0125 was considered as sig-
nificant.

Results

Subject Recruitment and Clinical Characteristics

A total of 59 patients with type 2 diabetes were
assessed for eligibility, and 38 eligible patients (66.7%
men; age, 62+3 years; body mass index, 25.1%4.8
kg/m?; diabetes duration, 11 %3 years; HbAic, 11.0 %
1%; GA, 32.0%£2%; and urinary CPR, 91.1%16.7
pg/day) were selected. Three patients dropped out from
each group because of the detection of malignancy,
withdrawal of approval, or CGMS recording error
(Fig.1). There were no clinically relevant differences
in demographic and baseline characteristics between
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Fig.2. Daily profiles of plasma glucose and C-peptide

Daily profiles of plasma glucose (A, C) and C-peptide (B, D) on admission (open mark and dotted
line) and at discharge (filled mark and solid line) in the insulin group (A, B, squares; z=16) and the

insulin plus vildagliptin group (C, D, circles; n=16).

Data are expressed as mean * standard deviation. P value represents difference according to over time
course (a), treatment (b), and the interaction of time course and treatment (c) as calculated using

repeated multivariate analysis of variance.

the two groups (Table 1).

Effect of Vildagliptin Addition to BBT on Glycemic
Control

The daily profiles of PG and CPR on admission
and at discharge are shown in Fig.2. The area under
the curve (AUC) of PG and CPR at discharge was sig-
nificantly decreased compared with that on admission
in both groups (Ins group: PG, 69% decrease; P<
0.001 and CPR, 45% decrease; P=0.006 and InsV
group: PG, 58% decrease; £<0.001 and CPR, 42%
decrease; P=0.002; Table 2), but no significant differ-
ence was observed in AUC of PG and CPR on admis-
sion (PG, P=0.59; CPR, P=0.702) or at discharge (PG,
P=0.403; CPR, P=0.721) between the two groups.

The duration of hospitalization and HbA1c, GA,
1,5AG, and mean glucose levels calculated using CGM
at discharge did not significantly differ between the

groups. However, CGM SD, and CGM MAGE were
significantly lower in the InsV group than in the Ins
group (Table 2). Prandial insulin dosage to maintain
the pre-meal glucose level within the normal range
was 30% lower in the InsV group than in the Ins
group, but there was no difference in basal insulin
dosage between the two groups.

Change in Lipid Metabolism between Admission
and Discharge

Only one and two patients in the InsV and Ins
groups, respectively, received statin administration. No
one received antidyslipidemic agents except statins
administration. Serum lipid (TC, TG, HDL-C, LDL-
C, RemL-C, and non-HDL-C) and apolipoprotein
(Apo AI, ApoAll, and ApoB) levels were not signifi-
cantly decreased; however, apolipoproteins (ApoCII,
ApoClIl, and ApoE) existing on the surface of TG-rich
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Table 2. Parameters of glycemic control and insulin dose at discharge

Insulin Insulin + vildagliiptin Ins vs. InsV  Ins vs. InsV
O'n' . At Pvalue O.n. . At Pvalue o ;dmllSSlOH “ ilSCIIlafgC
admission  discharge admission  discharge value value
iz 16 16
Duration of hospitalization (days) 14+3 14%2 NS
Insulin aspart (U) 27£2 20£2 0.018
Insulin detemir (U) 112 12%2 NS
Daily profile
AUC of PG (h mmol/L) 38.8x1.4 169+1.4 <0.001 39.5+1.5 16.8%1.5 <0.001 NS NS
M-value 91.4+50.6 13.1%x7.1 <0.001 86236  8.1%+52 <0.001 NS NS
AUC of CPR (h ng/mL) 89+9.4 493+9.4 0.006 96.5%+8.3 55.6+8.3 0.002 NS NS
CGM
mean (mg/dL) 135+21 12815 NS
SD (mg/dL) 40%21 23%12 0.032
MAGE (mg/dL) 112%58 68=15 0.013

Data are expressed as mean * standard deviation. Bonferroni correction was used in the statistical analysis of the daily profile.
PG: plasma glucose, AUC: area under the curve, CGM: continuous glucose monitoring system, SD: standard deviation, and MAGE: mean ampli-

tude of glycemic excursions

Table 3. Change in serum lipids

Insulin

Insulin + vildagliiptin Insvs. InsV  Insvs. InsV

on admission  at discharge

On admission At discharge P value On admission At discharge P value Pvalue Pvalue
TC (mmol/L) 5.1%x1.2 4.4=%1 NS 5.4%0.9 4.9%0.6 NS NS NS
HDL-C (mmol/L) 1.2+0.3 1.1+0.2 NS 1.2+£0.2 1.1+0.3 NS NS NS
TG (mmol/L) 1.6+0.7 1.1x0.4 NS 1.8+1.1 1.2+0.5 NS NS NS
LDL-C (mmol/L) 3.2+1 2.7+0.6 NS 3.4%0.7 3.0+1 NS NS NS
Non HDL-C (mmol/L) 39+1.2 3.3%1 NS 4209 3.6%x0.7 NS NS NS
ApoAl (mg/dL) 125%27 10920 NS 12114 10813 NS NS NS
ApoAll (mg/dL) 26%4 22%4 NS 26%3 22%5 NS NS NS
ApoB (mg/dL) 102+35 84+28 NS 110£24 98+23 NS NS NS
ApoCII (mg/dL) 5421 39+1.3 0.007 59%2.6 4.3%2.1 0.003 NS NS
ApoCIlIl (mg/dL) 10.4%3.6 6.3x1.3 <0.001 11£5 7.2%2 0.011 NS NS
ApoE (mg/dL) 4.8%1.2 3.9%+0.8 0.004 4.9+1.2 4x0.7 0.009 NS NS
ApoB48 (pg/mL) 4.4+34 3.7%2 NS 3.9+2.8 43%2 NS NS NS
RemL-C (mg/dL) 8.1+x4.4 5.4%2.8 NS 10.5+5.4 7.8+2.8 NS NS NS
LPL (ng/mL) 57+22 66%28 NS 65%23 6423 NS NS NS

Data are expressed as mean * standard deviation. Bonferroni correction was used in all statistical analysis.
TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, TG: triglyceride, LDL-C: low-density lipoprotein cholesterol, Apo: apolipopro-

tein, RemL-C: remnant lipoprotein-cholesterol, LPL: lipoprotein lipase

lipoproteins (TGRL), except ApoB48, were signifi-
cantly decreased at discharge compared with admis-
sion in both groups (Table 3). However, there were no
significant differences between the groups on admis-
sion or at discharge in any parameter. The LPL mass
did not show a significant increase with the improve-
ment in glycemic control in either group. The pheno-
type of ApoE was not significantly different between
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the two groups. In the Ins group, one patient had
E3/2 and another had E3/4. In the InsV group, two
patients had E3/2 and two had E3/4. All other
patients had E3/3 (data not shown).

The daily profiles and AUC of serum TG and
RemL-C indicated that the levels at discharge were
significantly lower than those on admission, but no
differences were observed between the two groups on
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Fig.3. Daily profiles of serum triglyceride, apolipoprotein B48, and remnant lipoprotein-cholesterol

Daily profiles of serum triglyceride (A, D), remnant lipoprotein-cholesterol (B, E), and Apo B48 (C, F) on admission (open mark and dotted
line) and at discharge (filled mark and solid line) in the insulin group (A, B, C; squares) and insulin plus vildagliptin group (D, E, F; circles).
Data are expressed as mean # standard deviation. P value represents difference according to the time course (a), treatment (b), and the interac-
tion of time course and treatment (c) as calculated using repeated multivariate analysis of variance.

RemL-C: remnant lipoprotein-cholesterol, ApoB48: apolipoprotein B48

admission or at discharge (Fig.3A, 3B, 3D, 3E, and
Table 4). No significant changes in serum ApoB48
levels were observed in either group (Fig.3C, 3F, and
Table 4). The changes in serum ApoB48 levels from
fasting to the peak of the daily profile (2 h after lunch)
were significantly smaller in the InsV group at dis-
charge (ApoB48: 4.5+2.5, Table 4) than in the Ins
group at discharge (ApoB48: 6.8+2.3, P=0.012,
Table 4). However, the increment in the daily profiles
of serum TG and RemL-C was not significant between
on admission and at discharge or between the treat-
ment groups.

Correlation between Postprandial Glucose Fluctua-
tion and Postprandial Increment of TGRL-related
Parameters

CGM SD and CGM MAGE, indicating glucose

fluctuation, were correlated with the postprandial ele-
vation of serum ApoB48 level from fasting to the peak
of the daily profile (2 h after lunch) in the Ins group
but not in the InsV group and were not correlated
with the elevation of serum TG and RemL-C levels
(Fig. 4) in either of the treatment groups. CGM mean
glucose level was not correlated with postprandial

increments of TG, RemL-C, and ApoB48 levels.

Discussion

For the first time, we examined the effect of gly-
cemic control with BBT with or without vildagliptin
on PG levels and serum triglyceride metabolism and
the correlation between postprandial metabolism of
PG and serum CM in patients with type 2 diabetes.
Our results showed the following: 1) short-term glyce-
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Table 4. Change in TG-rich lipoproteins-related parameters during daily profile

Insulin

Insulin + vildagliiptin Insvs. InsV ~ Insvs. InsV

on admission  at discharge

On admission At discharge Pvalue  Onadmission At discharge P value Pvalue Pvalue

AUC

TG (h mmol/L) 41.3%15.9 29.5+12.5 0.011 46.9%25.7 30%£16.7 0.012 NS NS

RemL-C (h mmol/L) 210.7+111.1 127.1+82.4  0.009 265.6+185 156.3%123 0.01 NS NS

ApoB48 (hpg/mL)  179.2+897 1519503 NS  176.1%91.8 1651713 NS NS NS
Increment (7:30—10:00)

TG (mmol/L) 0.3%£0.3 0.2%£0.3 NS 0.1£0.2 0.1x0.2 NS NS NS

RemL-C (mmol/L) 1.5+2.1 0.7%0.5 NS 03=1.1 0.1+1.4 NS NS NS

ApoB48 (ug/mL) 3.9+22 2814 NS 3x16  23x21 NS NS NS
Increment (7:30—12:00)

TG (mmol/L) 0.4+0.3 0.3%0.5 NS 0.2+0.2 0.2%0.5 NS NS NS

RemL-C (mmol/L) 2.5%2.6 1.5%1.8 NS 1.4%1.4 0.9%2.6 NS NS NS

ApoB48 (pg/mL) 42%0.6 3.8+0.6 NS 3921 3.4%24 NS NS NS
Increment (7:30—14:00)

TG (mmol/L) 0.5£0.3 0.7+0.9 NS 0.4%0.3 0.4+0.4 NS NS NS

RemL-C (mmol/L) 3.6%2.2 3.3%2.2 NS 3.5+1.6 22%23 NS NS NS

ApoB48 (pg/mL) 6.4%2.2 6.8%2.3 NS 6.4%4 4525 NS NS 0.012

Data are expressed as mean * standard deviation. Bonferroni correction was used in all statistical analysis.
TG: triglyceride, RemL-C: remnant lipoprotein-cholesterol, ApoB48: apolipoprotein B48

mic control with BBT and a strictly controlled diet
decrease the daily profiles of serum TG and RemL-C
but not ApoB48 levels and 2) daily glucose fluctuation
profile is significantly correlated with the postprandial
increment of serum ApoB48 levels.

In this study, vildagliptin addition improved the
daily glucose fluctuation profile estimated using CGM.
Previous reports have demonstrated that in patients
with type 2 diabetes treated with BBT, DPP-4I or the
short-acting GLP-1 receptor agonist exenatide amelio-
rate glycemic control and decrease the prandial (but
not basal) insulin dose®>*?. GLP-1 enhances glucose-
stimulated insulin secretion from pancreatic beta cells
in vitro®”. However, in our study, vildagliptin did not
significantly increase serum CPR levels under the same
blood glucose level as insulin therapy alone. In patients
with type 2 diabetes, inappropriately increased gluca-
gon secretion in the postprandial state also causes
postprandial hyperglycemia®® *”, and incretin admin-
istration promotes optimal glucagon secretion. Incre-
tins have the potential to slow the rate of absorption
of nutrients by decreasing gastric emptying in patients
with type 2 diabetes®®. Through these mechanisms,
vildagliptin administration might ameliorate post-
prandial hyperglycemia without a significant increase
in endogenous insulin secretion. The expression of
GLP-1 and GIP receptors was reportedly decreased in
the pancreatic islets of hyperglycemic rats and recov-
ered when glucose levels were normalized by phlori-
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zin®). In patients with type 2 diabetes, sitagliptin
decreased prandial insulin dose by approximately 8%
and the mean value of HbAuc to 7.3%°%. We speculate
that the greater control of PG achieved in our study
enhanced the effects of incretins and caused a larger
decrease in prandial insulin dose (26%) observed fol-
lowing vildagliptin administration. The larger decrease
in insulin dose might lower the frequency of hypogly-
cemia, thus helping in decreasing the incidence of
dementia®.

Hyperglycemia (relative deficiency of insulin
action) usually elevates TG level; glycemic control
decreases this elevation®?. In this study, fasting serum
Apo CII, Apo CIII, and ApoE, which exist on the sur-
face of TGRL, levels and the daily profiles of serum
TG and RemL-C, which exist in the core of TGRL,
levels were significantly decreased after the glycemic
control in each group without any increase in the LPL
mass. However, the daily profile, including fasting and
postprandial state, of serum ApoB48, which was cor-
related with serum CM particle levels, was not
decreased by glycemic control. These data suggest two
mechanisms: 1) only VLDL (and VLDL remnant) but
not CM (and CM remnant), was hydrolyzed by glyce-
mic control through the independent mechanism of
LPL activity and 2) VLDL (and VLDL remnant) and
CM (and CM remnant) were hydrolyzed by glycemic
control; however, the number of CM (and CM rem-
nant) was not decreased through the independent
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Fig.4. Correlation between postprandial glucose fluctuation and increment of TG-rich lipoproteins-related parameters

Correlation between postprandial glucose fluctuation and increment of TG-rich lipoproteins-related parameters in the insulin group (filled
squares) and insulin plus vildagliptin group (open circles). Increment was calculated by 2 h after lunch—before breakfast in each parameter
TG: triglyceride, RemL-C: remnant lipoprotein-cholesterol, ApoB48: apolipoprotein B48,

CGM: continuous glucose monitoring system, SD: standard deviation, and MAGE: mean amplitude of glycemic excursions

mechanism of LPL activity. If CM (and CM remnant)
was hydrolyzed without the decrease in its number,
the particle size of CM (and CM remnant) might have
decreased. This small-sized CM is considered to be
atherogenic.

In this study, LDL-C, HDL-C, and apolipopro-
tein levels that constitute LDL and HDL, including
ApoAl, ApoAll, and ApoB, were also decreased but
not significantly in both groups. We previously
reported that glycemic control with BBT and a strictly
controlled diet in short-term hospitalization signifi-
cantly decreases LDL-C, HDL-C, TG, and apolipo-
protein levels®, similar to the current study. This
decrease might be an effect of the strict diet, but the
mechanism remains unclear.

The GLP-1 receptor agonist exenatide suppresses
the postprandial production of CMs in the human
intestine and reduces the increment of CM particle

levels?”. GLP-1 receptor agonists and/or DPP-4Is can

decrease the postprandial elevation of serum TG and
ApoB48 levels in patients with type 2 diabetes?3.
Similar to previous studies, serum ApoB48 and RemL-
C levels at 2 h after lunch (14:00, the peak of the daily
profile) tended to be lower in the InsV group than in
the Ins group in this study; this difference reached a
statistical significance when levels before breakfast
were considered.

The daily glucose fluctuation profile estimated
using CGM was significantly correlated to the incre-
ment of serum ApoB48 levels from fasting to the peak
of the daily profile in only the Ins group at discharge.
Vildagliptin administration considerably decreased the
postprandial PG elevation estimated using CGM and
marginally decreased the postprandial serum ApoB48
elevation. Furthermore, vildagliptin administration
eliminated the correlation between the postprandial
elevation of PG and serum ApoB48. These data sug-
gest that the common mechanism between the post-
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prandial metabolism of PG and serum ApoB48 is not
the incretin effect.

In conclusion, vildagliptin administration with
BBT decreases postprandial PG and serum CM levels
in patients with type 2 diabetes. However, short-term
glycemic control with BBT alone decreases serum TG
and RemL-C levels but not ApoB48 levels in the fast-
ing and postprandial state. Moreover, there is a corre-
lation between postprandial elevation of PG and CM;
however, the mechanism remains unclear. To amelio-
rate both postprandial hyperglycemia and hypertri-
glyceridemia, basic and clinical investigations for the
mechanism of this correlation are required.

Acknowledgments
This study was supported by a Grants-in-Aid

from the Japanese Ministry of Education, Science,

Sport, and Culture #23653070.

Human Rights Statement and
Informed Consent

This single-center, randomized, open-label, con-
trolled study was conducted in accordance with the
principles of the Declaration of Helsinki and approved
by the local ethics committee of the Nippon Medical
School Chiba Hokusoh Hospital. All subjects pro-
vided written informed consent (UMIN000011851).

Conflict of Interest

All authors declare no conflict of interest.

References

1) The Diabetes Control and Complications Trial Research
Group. The effect of intensive treatment of diabetes on
the development and progression of long-term complica-
tions in insulin-dependent diabetes mellitus. N Engl ]
Med. 1993; 329: 977-986

2) Ohkubo Y, Kishikawa H, Araki E, Miyata T, Isami S,
Motoyoshi S, Kojima Y, Furuyoshi N and Shichiri M.
Intensive insulin therapy prevents the progression of dia-
betic microvascular complications in Japanese patients
with non-insulin-dependent diabetes mellitus: a random-
ized prospective 6-year study. Diabetes Res Clin Pract.
1995; 28: 103-117

3) Stratton IM, Adler Al, Neil HA, Matthews DR, Manley
SE, Cull CA, Hadden D, Turner RC and Holman RR.
Association of glycaemia with macrovascular and micro-
vascular complications of type 2 diabetes (UKPDS 35):
prospective observational study. BMJ. 2000; 321: 405-412

4) Sone H, Tanaka S, Tanaka S, Iimuro S, Oida K, Yamasaki
Y, Oikawa S, Ishibashi S, Katayama S, Ohashi Y, Akanuma
Y, Yamada N and Japan Diabetes Complications Study G.

166

Serum triglyceride levels is a potent risk factor comparable
to LDL cholesterol for coronary heart disease in Japanese
patients with type 2 diabetes: subanalysis of the Japan
Diabetes Complications Study (JDCS). J Clin Endocrinol
Metab. 2011; 96: 3448-3456
5) UK Prospective Diabetes Study (UKPDS) Group. Inten-
sive blood-glucose control with sulphonylureas or insulin
compared with conventional treatment and risk of com-
plications in patients with type 2 diabetes (UKPDS 33).
Lancet. 1998; 352: 837-853
6) Action to Control Cardiovascular Risk in Diabetes Study.
Effects of intensive glucose lowering in type 2 diabetes. N
Engl ] Med. 2008; 358: 2545-2559
7) Group AC, Patel A, MacMahon S, Chalmers J, Neal B,
Billot L, Woodward M, Marre M, Cooper M, Glasziou P,
Grobbee D, Hamet P, Harrap S, Heller S, Liu L, Mancia
G, Mogensen CE, Pan C, Poulter N, Rodgers A, Williams
B, Bompoint S, de Galan BE, Joshi R and Travert E
Intensive blood glucose control and vascular outcomes in
patients with type 2 diabetes. N Engl ] Med. 2008; 358:
2560-2572
8) Duckworth W, Abraira C, Moritz T, Reda D, Emanuele
N, Reaven PD, Zieve FJ, Marks J, Davis SN, Hayward R,
Warren SR, Goldman S, McCarren M, Vitek ME, Hen-
derson WG, Huang GD and Investigators V. Glucose
control and vascular complications in veterans with type 2
diabetes. N Engl ] Med. 2009; 360: 129-139
9) Glucose tolerance and mortality: comparison of WHO
and American Diabetes Association diagnostic criteria.
The DECODE study group. European Diabetes Epide-
miology Group. Diabetes Epidemiology: Collaborative
analysis Of Diagnostic criteria in Europe. Lancet. 1999;
354: 617-621
10) Tominaga M, Eguchi H, Manaka H, Igarashi K, Kato T
and Sekikawa A. Impaired glucose tolerance is a risk fac-
tor for cardiovascular disease, but not impaired fasting
glucose. The Funagata Diabetes Study. Diabetes Care.
1999; 22: 920-924
11) Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A,
Laakso M and Group S-NTR. Acarbose treatment and the
risk of cardiovascular disease and hypertension in patients
with impaired glucose tolerance: the STOP-NIDDM trial.
JAMA. 2003; 290: 486-494
12) Hanefeld M, Cagatay M, Petrowitsch T, Neuser D,
Petzinna D and Rupp M. Acarbose reduces the risk for
myocardial infarction in type 2 diabetic patients: meta-
analysis of seven long-term studies. Eur Heart J. 2004;
25:10-16
13) Tanimura K, Nakajima Y, Nagao M, Ishizaki A, Kano T,
Harada T, Okajima F, Sudo M, Tamura H, Ishii S, Sugi-
hara H, Yamashita S, Asai A and Oikawa S. Association of
serum apolipoprotein B48 level with the presence of
carotid plaque in type 2 diabetes mellitus. Diabetes Res
Clin Pract. 2008; 81: 338-344
14) Nakano T, Nakajima K, Niimi M, Fujita MQ, Nakajima
Y, Takeichi S, Kinoshita M, Matsushima T, Teramoto T
and Tanaka A. Detection of apolipoproteins B-48 and
B-100 carrying particles in lipoprotein fractions extracted
from human aortic atherosclerotic plaques in sudden car-
diac death cases. Clin Chim Acta. 2008; 390: 38-43
15) Pal S, Semorine K, Watts GF and Mamo J. Identification



Regulation of PG and CM Metabolism

of lipoproteins of intestinal origin in human atheroscle-
rotic plaque. Clin Chem Lab Med. 2003; 41: 792-795

16) Masuda D, Sugimoto T, Tsujii K, Inagaki M, Nakatani K,
Yuasa-Kawase M, Tsubakio-Yamamoto K, Ohama T,
Nishida M, Ishigami M, Kawamoto T, Matsuyama A,
Sakai N, Komuro I and Yamashita S. Correlation of fast-
ing serum apolipoprotein B-48 with coronary artery dis-
ease prevalence. Eur ] Clin Invest. 2012; 42: 992-999

17) Mori K, Ishida T, Yasuda T, Monguchi T, Sasaki M,
Kondo K, Hasokawa M, Nakajima H, Haraguchi Y, Sun
L, Shinohara M, Toh R, Nishimura K and Hirata K. Fast-
ing serum concentration of apolipoprotein B48 represents
residual risks in patients with new-onset and chronic cor-
onary artery disease. Clin Chim Acta. 2013; 421: 51-56

18) Masuda D, Sakai N, Sugimoto T, Kitazume-Taneike R,
Yamashita T, Kawase R, Nakaoka H, Inagaki M, Nakatani
K, Yuasa-Kawase M, Tsubakio-Yamamoto K, Ohama T,
Nakagawa-Toyama Y, Nishida M, Ishigami M, Masuda Y,
Matsuyama A, Komuro I and Yamashita S. Fasting serum
apolipoprotein B-48 can be a marker of postprandial
hyperlipidemia. J Atheroscler Thromb. 2011; 18: 1062-
1070

19) Sato I, Ishikawa Y, Ishimoto A, Katsura S, Toyokawa A,
Hayashi E Kawano S, Fujioka Y, Yamashita S and Kum-
agai S. Significance of measuring serum concentrations of
remnant lipoproteins and apolipoprotein B-48 in fasting
period. ] Atheroscler Thromb. 2009; 16: 12-20

20) Iso H, Naito Y, Sato S, Kitamura A, Okamura T, Sankai T,
Shimamoto T, lida M and Komachi Y. Serum triglycerides
and risk of coronary heart disease among Japanese men
and women. Am ] Epidemiol. 2001; 153: 490-499

21) Bansal S, Buring JE, Rifai N, Mora S, Sacks FM and Rid-
ker PM. Fasting compared with nonfasting triglycerides
and risk of cardiovascular events in women. JAMA. 2007;
298: 309-316

22) Mora S, Rifai N, Buring JE and Ridker PM. Fasting com-
pared with nonfasting lipids and apolipoproteins for pre-
dicting incident cardiovascular events. Circulation. 2008;
118: 993-1001

23) Haidari M, Leung N, Mahbub E Uffelman KD, Kohen-
Avramoglu R, Lewis GF and Adeli K. Fasting and post-
prandial overproduction of intestinally derived lipopro-
teins in an animal model of insulin resistance. Evidence
that chronic fructose feeding in the hamster is accompa-
nied by enhanced intestinal de novo lipogenesis and
ApoB48-containing lipoprotein overproduction. ] Biol
Chem. 2002; 277: 31646-31655

24) Abu-Hamdah R, Rabiee A, Meneilly GS, Shannon RP,
Andersen DK and Elahi D. Clinical review: The extrapan-
creatic effects of glucagon-like peptide-1 and related pep-
tides. J Clin Endocrinol Metab. 2009; 94: 1843-1852

25) Ahren B, Landin-Olsson M, Jansson PA, Svensson M,
Holmes D, Schweizer A: Inhibition of dipeptidyl pepti-
dase-4 reduces glycemia, sustains insulin levels, and reduces
glucagon levels in type 2 diabetes. The Journal of clinical
endocrinology and metabolism 2004; 89: 2078-2084

26. Gutniak MK, Linde B, Holst JJ, Efendic S: Subcutaneous
injection of the incretin hormone glucagon-like peptide 1
abolishes postprandial glycemia in NIDDM. Diabetes care
1994; 17: 1039-1044

27) Xiao C, Bandsma RH, Dash S, Szeto L and Lewis GE

Exenatide, a glucagon-like peptide-1 receptor agonist,
acutely inhibits intestinal lipoprotein production in
healthy humans. Arterioscler Thromb Vasc Biol. 2012;
32: 1513-1519

28) Bunck MC, Corner A, Eliasson B, Heine R], Shaginian
RM, Wu Y, Yan B, Smith U, Yki-Jarvinen H, Diamant M
and Taskinen MR. One-year treatment with exenatide vs.
insulin glargine: effects on postprandial glycemia, lipid
profiles, and oxidative stress. Atherosclerosis. 2010; 212:
223-229

29) Eliasson B, Moller-Goede D, Eeg-Olofsson K, Wilson C,
Cederholm J, Fleck P, Diamant M, Taskinen MR and
Smith U. Lowering of postprandial lipids in individuals
with type 2 diabetes treated with alogliptin and/or piogli-
tazone: a randomised double-blind placebo-controlled
study. Diabetologia. 2012; 55: 915-925

30) Matikainen N, Manttari S, Schweizer A, Ulvestad A,
Mills D, Dunning BE, Foley JE and Taskinen MR. Vilda-
gliptin therapy reduces postprandial intestinal triglycer-
ide-rich lipoprotein particles in patients with type 2 dia-
betes. Diabetologia. 2006; 49: 2049-2057

31) Service FJ, Molnar GD, Rosevear JW, Ackerman E, Gate-
wood LC and Taylor WE Mean amplitude of glycemic
excursions, a measure of diabetic instability. Diabetes.
1970; 19: 644-655

32) Schlichtkrull j MO and Jersild M. M-value, an index for
blood sugar control in diabetics. Ugeskr Laeger. 1964;
126: 815-820

33) Hanada H, Mugii S, Okubo M, Maeda I, Kuwayama K,
Hidaka Y, Kitazume-Taneike R, Yamashita T, Kawase R,
Nakaoka H, Inagaki M, Yuasa-Kawase M, Nakatani K,
Tsubakio-Yamamoto K, Masuda D, Ohama T, Matsuyama
A, Ishigami M, Nishida M, Komuro I and Yamashita S.
Establishment of chemiluminescence enzyme immunoas-
say for apolipoprotein B-48 and its clinical applications
for evaluation of impaired chylomicron remnant metabo-
lism. Clin Chim Acta. 2012; 413: 160-165

34) Nakada Y, Kurosawa H, Tohyama J, Inoue Y and lkewaki
K. Increased remnant lipoprotein in patients with coro-
nary artery disease--evaluation utilizing a newly developed
remnant assay, remnant lipoproteins cholesterol homoge-
nous assay (RemL-C). ] Atheroscler Thromb. 2007; 14:
56-64

35) Yoon NM, Cavaghan MK, Brunelle RL and Roach P.
Exenatide added to insulin therapy: a retrospective review
of clinical practice over two years in an academic endocri-
nology outpatient setting. Clin Ther. 2009; 31: 1511-1523

36) Shimoda S, Iwashita S, Ichimori S, Matsuo Y, Goto R,
Maeda T, Matsuo T, Sekigami T, Kawashima J, Kondo T,
Matsumura T, Motoshima H, Furukawa N, Nishida K
and Araki E. Efficacy and safety of sitagliptin as add-on
therapy on glycemic control and blood glucose fluctua-
tion in Japanese type 2 diabetes subjects ongoing with
multiple daily insulin injections therapy. Endocr J. 2013;
60: 1207-1214

37) Schmidt WE, Siegel EG and Creutzfeldt W. Glucagon-
like peptide-1 but not glucagon-like peptide-2 stimulates
insulin release from isolated rat pancreatic islets. Diabeto-
logia. 1985; 28: 704-707

38) Shah P, Vella A, Basu A, Basu R, Schwenk WF and Rizza
RA. Lack of suppression of glucagon contributes to post-

167



Okajima et al.

prandial hyperglycemia in subjects with type 2 diabetes
mellitus. ] Clin Endocrinol Metab. 2000; 85: 4053-4059

39) Dunning BE and Gerich JE. The role of alpha-cell dys-
regulation in fasting and postprandial hyperglycemia in
type 2 diabetes and therapeutic implications. Endocr Rew.
2007; 28: 253-283

40) Xu G, Kaneto H, Laybutt DR, Duvivier-Kali VE Trivedi
N, Suzuma K, King GL, Weir GC and Bonner-Weir S.
Downregulation of GLP-1 and GIP receptor expression
by hyperglycemia: possible contribution to impaired incre-
tin effects in diabetes. Diabetes. 2007; 56: 1551-1558

168

41) Frier BM. Hypoglycaemia in diabetes mellitus: epidemiol-
ogy and clinical implications. Nat Rev Endocrinol. 2014;
10: 711-722

42) Taskinen MR. Diabetic dyslipidemia. Atheroscler Suppl.
2002; 3: 47-51

43) Nakajima Y, Sato K, Sudo M, Nagao M, Kano T, Harada
T, Ishizaki A, Tanimura K, Okajima F, Tamura H, Sugi-
hara H, Tsuda K and Oikawa S. Practical dietary calorie
management, body weight control and energy expendi-
ture of diabetic patients in short-term hospitalization. ]
Atheroscler Thromb. 2010; 17: 558-567




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


