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After a Meal
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Abstract

Background: In the treatment of diabetes mellitus, it is important to
prevent dyslipidemia, which is one of the complications. However, no
study has examined the long-term effects of teneligliptin on the blood
parameters of apolipoprotein B (apoB) after a meal in patients with
type 2 diabetes.

Methods: The effects of teneligliptin on blood glucose and lipids
were examined by measurement of biomarkers before and after a
meal. We gathered data before and after 6-month treatment in dia-
betic patients.

Results: After treating 31 patients with teneligliptin for 6 months,
the blood level of apoB-48, expressed as total area under the curve
(tAUC), was significantly decreased. A multiple regression analysis
of factors affecting the decreases in apoB-48 tAUC indicated that
apoB-48 is more likely to decrease if it is higher at the start of test-
ing, and that the apoB-48 tAUC value is more likely to fall in women
than in men.

Conclusions: Teneligliptin may be beneficial for the treatment of
postprandial hyperlipidemia in diabetic patients.

Keywords: DPP4 inhibitors; Meal tolerance test; ApoB-48; Type 2
diabetes; Teneligliptin

Introduction

Diabetes mellitus (DM) is one of the strongest risk factors
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for cardiovascular events. Coexistence of dyslipidemia and
diabetes elevates the incidence of cardiovascular events [1-
6]. Seshasai et al reported that the risk of vascular death was
approximately doubled in patients with diabetes and dyslipi-
demia compared to those without diabetes [5]. And the risk
of ischemic heart disease in DM patients with low-density
lipoprotein cholesterol (LDL-C) of 160 mg/dL or higher has
also been reported to be 3.7 times that in those with LDL-C
less than 100 mg/dL [7, 8]. However, it has been reported
that the risk of cardiovascular events when dyslipidemia and
diabetes coexist can be reduced by lowering blood sugar and
lipids [9-11]. When treatment with simvastatin for major
vascular events among participants with these diseases was
performed, there was a definite 22% reduction in the event
rate [10]. Like these reports, it is important to control blood
sugar and lipids.

Dipeptidyl peptidase-4 (DPP4) inhibitors improve lipid
metabolism as well as glucose metabolism in animal experi-
ments [12-14] and human clinical trials [15-18]. Used as a
lipid index, apolipoprotein B-48 (apoB-48) is an apoprotein
synthesized in the small intestine and a constituent of chylomi-
crons, triglyceride (TG)-rich lipoproteins. Unlike apoB-100,
which is mainly synthesized by the liver, apoB-48 is the most
suitable biomarker for investigating postprandial chylomicron
metabolism [19], and its high value is indicative of postpran-
dial hyperlipidemia.

Postprandial hyperlipidemia is a risk factor for arterioscle-
rosis and cardiovascular disease [20, 21]. It is reported that
apoB-48 increment after a test meal increases small dense
low-density lipoprotein cholesterol independently of TG [22].
Therefore, suppressing apoB-48 after eating is important.
However, in clinical practice, blood is collected in the fasting
state and as needed, and there are only a few reports using
post-meal dietary load testing to more accurately grasp the ef-
fects of drugs.

Among the DPP4 inhibitors examined for effects on
blood apoB-48 levels before and after lipid loading or dietary
loading in type 2 DM patients, sitagliptin was reported to
have effects after a 6-week treatment [23] and 12-week treat-
ment [24]; gemigliptin was reported to have effects after a
4-week treatment [25]. There are no reports on DPP4 inhibi-
tors’ long-term effects on apo-B48 and no reports on tenel-
igliptin pre- and post-meal apo-B48. Therefore, the effects
of teneligliptin on blood glucose and lipids before and after
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a meal were examined before treatment and after a 6-month
treatment.

Materials and Methods

Study design

This study is an open-label prospective trial conducted in a
diabetes-specific clinic in Japan. The present study was carried
out in accordance with the study protocol, the Helsinki Decla-
ration of 1964 and later versions and “Ethical Guidelines for
Clinical Studies” by the Health, Labor and Welfare Ministry.
Before participating in the study, written information was pro-
vided to all patients, each of whom provided written consent.
The ethics committee at the Diabetes and Lifestyle Center, To-
monaga Clinic approved the study.

Study participants

Participants met all of the following inclusion criteria and
none of the following exclusion criteria. Inclusion criteria
were: 1) Type 2 diabetes with hemoglobin Alc (HbAlc) >
6.5%; 2) Twenty years of age; 3) No history of changing an-
tidiabetic drugs or antihyperlipidemic agents for 6 months;
and 4) Blood glucose levels were poorly controlled by only
diet/exercise therapy or diet/exercise and treatment with an-
tidiabetic drugs. Exclusion criteria were: 1) Past history of
hypersensitivity to DPP4 inhibitors; 2) Severe ketosis, dia-
betic coma, precoma, or type 1 diabetes; 3) Severe infection
or perioperative severe injury; 4) Pregnancy or having child-
bearing potential; 5) Severe renal dysfunction, dialysis, or
end-stage renal disease (ESRD); 6) Hepatic dysfunction; and
7) Inappropriateness for study participation as determined by
physicians.

Methods

In the target patients, treatment with teneligliptin started and
biomarkers were measured pre- and post-meal. It was conduct-
ed immediately before the first administration and on the day
after the 6-month treatment. The meal had 536 kcal; protein,
25.6 g; lipids, 13.6 g; carbohydrates, 75.4 g; and salt content,
3.0 g. There were meat and potatoes (Nikujaga), boiled hijiki
seaweed and soybeans, boiled mainspring and 150 g of white
rice. During the test, blood glucose levels and insulin levels
were measured at 0, 60, and 120 min; and levels of apoB-48,
total cholesterol (TC), LDL-C, low-density lipoprotein-free
cholesterol (LDL-FC), high-density lipoprotein cholesterol
(HDL-C), and TGs were measured at 0 and 120 min. In addi-
tion, HbAlc, body weight, and body mass index (BMI) were
measured once every month for 6 months. Blood glucose was
measured by the glucose oxidase method (amperometric deter-
mination of hydrogen peroxide). TC, LCL-C, LDL-FC and TG
were measured by the enzymatic method. ApoB-48 was meas-
ured using a Human ApoB-48 ELISA kit (FUJIFILM Wako
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Shibayagi Co., Gunma, Japan) according to manufacturer’s
instructions.

Evaluation

Total area under the curve (tAUC) was the total area above
zero, and the incremental area under the curve (1IAUC) was
positive area above the baseline. The primary endpoint was
the change in tAUC of apoB-48 6 months after the start of
teneligliptin administration. Secondary endpoints included:
1) Change in blood glucose, insulin, TC, LDL-C, LDL-FC,
HDL-C, and TG measured by tAUC and iAUC 6 months after
starting teneligliptin; 2) Change in apoB-48 iAUC 6 months
after starting teneligliptin; 3) Change in apoB-48, TC, LDL-
C, LDL-FC, HDL-C, and TG measured by fasting and 2 h
after a meal 6 months after starting teneligliptin; 4) Change in
blood glucose and insulin measured by fasting, | h and 2 h af-
ter a meal 6 months after starting teneligliptin; and 5) HbAlc,
body weight, BMI, homeostasis model assessment of insulin
resistance (HOMA-R), and homeostasis model assessment
of B-cell (HOMA-B) 6 months after the start of teneligliptin.
When calculating HOMA-R and HOMA-B, blood glucose
levels of 216 mg/dL and higher were excluded to ensure ac-
curacy [26]. In addition, we did exploratory analysis as fol-
lows: the factors affecting the reduction effect of apoB-48;
the changes in TG tAUC and apoB-48 tAUC by dividing the
group into those with high baseline TG tAUC and those with
low baseline TG tAUC; the changes in TG tAUC and apoB-
48 tAUC in cases with fasting TG of 150 mg/dL or higher;
the changes in HDL-C tAUC by dividing the group into those
with high baseline HDL-C tAUC and those with low baseline
HDL-C tAUC.

Statistical analysis

The data were analyzed using R version 3.5.2 (R Foundation
for Statistical Computing, Vienna, Austria (https://www.R-
project.org/)). With regard to the efficacy, a paired t-test or
Wilcoxon signed-rank test was used to evaluate the changes
in various parameters from baseline at each follow-up point.
Comparisons did not take multiplicity into account. The Wil-
coxon rank-sum test was used to evaluate the difference be-
tween the two groups. For analysis of factors that affect the
reduction effect of apoB-48, multiple regression analysis was
performed using the amount of change in apoB-48 tAUC as
the objective variable, and age, sex, duration of disease, con-
current use of statins, apoB-48 tAUC at the start, HbAlc at the
start, BMI at the start, fasting blood glucose at the start, fasting
insulin at the start, and LDL-C at the start as explanatory vari-
ables. In the multiple regression analysis, in addition to cases
in which all explanatory variables were adopted, a multiple re-
gression analysis was also performed by the stepwise method
using the Akaike information criterion as a sensitivity analysis.
Significance was set to a two-sided P value < 0.05. The results
were shown as the number of cases (%) for the nominal scale
and expressed as mean + standard deviation (SD) or median
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Table 1. Participants’ Demographic and Other Background Information

N

Age (years)

Gender

Height (cm)

Weight (kg)

BMI (kg/m?)

Duration of disease (years)

HbAlc (%)

Diabetic retinopathy
Diabetic retinopathy
Simple retinopathy
Advanced proliferative retinopathy

Renal stage

Antidiabetic agent
Sulfonylurea
Biguanide
Thiazolidine
a-glucosidase inhibitors
SGLT-2-inhibitors
GLP-1-agonist
Insulin

Antidyslipidemic drug
Statin
Ezetimibe
Fibrate

Eicosapentaenoic acid

31

552+7.0

Male/female: 27 (87.1%)/4 (12.9%)
167.9 £ 6.6

723 +11.9

255+3.2

73+4.1

8.26+1.25

4 (12.9%)
2(6.5%)
2(6.5%)
1/2/3: 27 (87.1%)/3 (9.7%)/1 (3.2%)

0 (0%)

7 (22.6%)
0 (0%)

2 (6.5%)
0 (0%)

0 (0%)

0 (0%)

12 (38.7%)
1 (3.2%)

0 (0%)

0 (0%)

Data are presented as number (%) or mean + SD. HbA1c: hemoglobin A1c; SGLT-2: sodium-glucose linked transporter-2; GLP-1: glucagon-like

peptide-1; BMI: body mass index; SD: standard deviation.

(first quartile, third quartile) for continuous variables.

Results

All of the 31 patients registered were followed up with after the
6-month treatment. Table 1 lists demographic and other back-
ground information. Patients were 55.2 + 7.0 years and men
in 87.1% of cases. They had diabetes for 7.3 & 4.1 years, with
HbAlc of 8.26+1.25%. Statin was concurrently used in 38.7%
of cases. Changes in medication during the 6-month treatment
included discontinuation of antidiabetic metformin in one case,
and discontinuation of antihyperlipidemic ezetimibe in one case.

ApoB-48 tAUC (pgh/mL) was significantly decreased
from 26.4 (17.1, 49.2) before administration to 22.9 (16.5,
35.0) (P=0.041) after 6-month teneligliptin treatment (Fig. 1).
The pre-meal value of apoB-48 showed a significant decrease
as well. The post-meal value also tended to decrease. ApoB-48
iAUC (pgh/mL) was 5.0 (2.4, 10.0) before administration of
teneligliptin and 6.3 (2.7, 8.9) 6 months after administration,
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showing no significant difference before and after administra-
tion of teneligliptin (P = 0.854).

Table 2 shows the results of biomarkers before and after a
meal. The absolute values of iAUC in TC, HDL-C, and LDL-C
were significantly decreased 6 months after administration of
teneligliptin. As for HDL-C, a significant decrease was observed
before a meal and in tAUC and 6 months after the first adminis-
tration of teneligliptin, but no significant change was observed
after 120 min. In LDL-FC and TG, no significant changes were
observed before and after 6-month treatment with teneligliptin.

TG tAUC (mg-h/dL) with the high-baseline TG tAUC
group was changed from 331 (371.5, 305) to 404 (480, 264), and
their change was 22 (166, -77) (P = 0.454). Their apoB-48 tAUC
was changed from 47.4 (60.1, 26.7) to 34.9 (42.7, 23), and their
change was -7.3 (2.4, 33.2) (P =0.073). TG tAUC with the low-
baseline TG tAUC group was changed from 186.5 (199.3, 160)
to 192.5 (226.3, 148.8), and its change was 19 (42.5, -5.5) (P =
0.109). Their apoB-48 tAUC was changed from 19 (27.1, 13.7) to
17.3 (23.7, 14.8), and their change was -2.1 (2, -4.3) (P =0.274).
The difference between the two groups was not significant for
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Figure 1. Change in apoB-48. Data are first, second, third quartile. *P < 0.05 Wilcoxon signed-rank test. apoB-48: apolipoprotein

B-48.

either TG tAUC (P = 0.830) or apoB-48 tAUC (P = 0.248).

TG tAUC in nine cases with fasting TG of 150 mg/dL or
higher was changed from 370 (377, 333) to 460 (518, 254),
and their change was -51 (147, -128) (P = 1.000). Their apoB-
48 tAUC was changed from 51.1 (61.5, 30.5) to 40.1 (42.8,
21.7), and their change was -11.6 (-1.3, -34.5) (P = 0.098).

HDL-C tAUC (mg-h/dL) with the high-baseline HDL-C
tAUC group was changed from 124 (129.5, 115) to 118 (123.5,
113), and their change was -9 (2, -11) (P=10.073). HDL-C tAUC
with the low-baseline HDL-C tAUC group was changed from
85.5(97.3, 80.5) to 85.5 (91.8, 77.5), and its change was -3 (2.5,
-11.5) (P = 0.196). The difference between the two groups was
not significant regarding HDL-C tAUC (P = 0.812).

Blood glucose levels, both before and after 120 min of
meal loading, were significantly reduced after 6-month treat-
ment with teneligliptin (Fig. 2a). Its tAUC (mg-h/dL) was also
significantly reduced from 454.5 + 83.6 before administration
to 373.9 £ 83.7 after 6 months (P < 0.001), and iAUC was
significantly reduced from 134.9 + 47.0 to 96.4 £ 45.7 (P <
0.001). On the other hand, there was no significant change in
insulin level before and after 6 months of meal loading (Fig.
2b). Its tAUC (pUh/mL) decreased from 34.5 + 20.6 before
administration to 34.1 &+ 19.0 after 6 months, and no significant
change was observed (P = 0.886), and iAUC was significantly
reduced from 23.1 £16.5t022.4+17.9 (P=0.818).

HbAlc significantly decreased 1 month after the first ad-
ministration of teneligliptin, and the effect remained (Fig. 3).
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The HOMA-R shows change from 2.2 + 1.4 to 2.1 £ 1.1, but
it was not significant (P = 0.681; paired #-test), whereas the
HOMA-B (%) also shows change from 25.4 + 17.5 to 30.8 +
14.5 and it was not significant but it has improvement tendency
(P =0.104; paired t-test). Body weight (kg) was slowly changed
from 72.3 + 11.9 at the start to 72.2 £ 11.7, 71.5+ 10.9, 704 +
9.5,70.3+9.5,71.4+10.0, and 70.5 £ 9.5, after 1, 2, 3,4, 5 and
6 months, respectively, from the start of antidiabetic treatment.
Changes from baseline to each month were not significant.

In the multiple regression analysis of the factors affecting
the tAUC change for apoB-48, a higher tAUC level at the start
more likely led to a lower tAUC level after the 6-month treat-
ment. The tAUC level of apoB-48 was more likely to fall in
women than in men (Table 3). These results were similar for
both model 1 and model 2.

No adverse events with an undeniably causal relationship
with the study drug occurred during the study period.

Discussion

Reproducibility of the results of other apoB-48 studies

This study demonstrated significant apoB-48 reductions in the
level of tAUC, conducted before and after 6-month treatment
with a teneligliptin. So far, in patients with type 2 diabetes,
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Table 2. Change in Biomarkers Before and After a Meal (N = 31)

0 months
TC
0 min (mg/dL) 198.0 (179.5, 222.0)
120 min (mg/dL) 183.0 (170, 204.5)

1AUC (mg-h/dL)
tAUC (mg-h/dL)

-11.0 (-15.5, -7.0)
380.0 (347.0, 422.5)

HDL-C
0 min (mg/dL) 55.0 (44.5, 64.0)
120 min (mg/dL) 51.0 (41.0, 59.5)

iAUC (mg-h/dL)
tAUC (mg-h/dL)

-3.0 (-4.0, -2.0)
105.0 (85.5, 124.0)

LDL-C
0 min (mg/dL) 120.0 (99.5, 136.0)
120 min (mg/dL) 112.0 (91.5, 125.5)

iAUC (mg-h/dL)
tAUC (mg-h/dL)

-7.0 (-10.5, -4.5)
236.0 (191.5, 262.5)

LDL-FC
0 min (mg/dL) 116.7 (94.8, 136.5)
120 min (mg/dL) 106.6 (82.8, 122.2)

iAUC (mg-h/dL)

tAUC (mg-h/dL)
TG

0 min (mg/dL)

120 min (mg/dL)

iAUC (mg-h/dL)

tAUC (mg-h/dL)

123 (-16.4,-7.1)
222.2 (179.8, 257.5)

101.0 (75.5, 161.0)
142.0 (107.5, 169.5)
12.0 (0.5, 35.0)

226.0 (186.5, 325.0)

6 months P
187.0 (171.5, 206.0) 0.245
180.0 (162.0, 198.0) 0.91
-8 (-13.0, -4.0) 0.003*
366 (328.0, 404.5) 0.487
51.0 (44.0, 60.5) 0.009*
49.0 (42.0, 58.5) 0.072
-2.0(-3.0, -1.0) 0.023*
100 (85.5, 117.5) 0.024*
110.0 (100.5, 127.5) 0.629
105.0 (94.5, 125.0) 0.705
-5.0 (-7, -3.5) 0.004*
214 (194.5, 253.5) 0.984
113.7 (98.9, 125.8) 0.422
98.8 (83.4, 116.8) 0.393
-10.6 (-16.2, -7.6) 0.586
213.4 (181.3,237.3) 0.678
115.0 (82.5, 167.0) 0.164
138.0 (106.5, 214.5) 0.236
11.0 (3.5, 44.0) 0.168
254 (191.0, 372.0) 0.153

Data are median (first quartile, third quartile). *P < 0.05 Wilcoxon signed-rank test. iIAUC: incremental area under the curve; tAUC: total area under the
curve; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; LDL-FC: low-density lipoprotein

free cholesterol; TG: triglyceride.

significant postprandial apoB-48 reductions in AUC were re-
ported via lipid or dietary loading after 6-week or 12-week
treatment with sitagliptin [23, 24], and 4-week treatment with
gemigliptin [25]. It is difficult to compare these studies by ab-
solute value because the sampling times and contents of the test
meals were different. For this reason, we examined the rate of
change. Our study showed 10.2% reduction. Studies with sit-
agliptin have reported 7.8% and 21.8% significant reductions
[23, 24], and studies with gemigliptin have reported 16.4%
significant reductions [25]. We consider the results appropri-
ate. In our study, apoB-48 iAUC did not change significantly.
Ahn et al reported that apoB-48 iAUC was not significantly
different compared to placebo in the treatment of gemigliptin.
A factor of them might be a decrease in fasting apoB-48 [25].

Mechanism

Increased expression of DPP4 in the liver is a factor that pro-
motes non-alcoholic fatty liver disease [27], and inhibition of
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this cycle by a DPP4 inhibitor is one of the mechanisms of lipid-
level improvement. The focus of this study, apoB-48, is synthe-
sized in the small intestine, where DPP-4 activity is suppressed
by DPP-4 inhibitor administration, as seen in a study using mice
by Waget et al [28]. In addition, glucagon-like peptide 1 (GLP-
1) has been reported to suppress intestinal chylomicron secre-
tion [29]. We suggest that apoB-48 reduction is due to a cycle of
inhibiting DPP4, increasing GLP-1 and decreasing chylomicron
secretion. Ideta et al showed that teneligliptin increased the ex-
pression of phosphorylated adenosine monophosphate (AMP)-
activated protein kinase protein in mouse livers [30]. Not only
inhibition of DPP4 expression in the liver, but also the possi-
bility of attenuating lipogenesis in the liver by controlling the
expression of genes involved in lipogenesis are suggested.

Evaluation of lipid-related parameters

It was also shown that teneligliptin can improve transient hy-
perlipidemia after a meal. Test values of LDL-C and others
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Figure 2. (a) Change in blood sugar. Data are mean + SD. TP < 0.05 paired t-test. (b) Change in insulin. Data are mean + SD.

No significance for paired t-test. SD: standard deviation.

showed an improvement tendency, but no significant change
was observed. Nevertheless, it was highly meaningful that a
postprandial change in sensitive biomarkers was observed.
The present study found no significant change in tAUC of
TC, LDL-C, LDL-FC or TG. Ahn et al [25] also reported no
significant decrease in tAUC of TG or TC. On the other hand,
Tremblay et al reported a significant decrease in AUC of TG,
very low-density lipoprotein cholesterol (VLDL-C) and free
fatty acids [23]. These differences of results were indicating
that the reproducibility of this finding is difficult to achieve.

10 1
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The composition of the test meal used in our test and the test
meal used in other tests are shown in the supplementary mate-
rial (Supplementary Material 1, www.jofem.org). In our test
meal, carbohydrates are 57% of energy, lipids are 23% and
protein is 20%. Tremblay et al reported 60% lipids and a test
time of 8 h [23]. Ahn et al reported 38% lipids and a test time
of 4 h [25]. The significant decrease in tAUC of TG may be
influenced by the difference in test meal composition and the
difference in test time. Although HDL-C was significantly re-
duced, our result suggests that if it is originally low, it does not
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Figure 3. Change in HbA1c. Data are mean + SD. 1P < 0.05 paired t-test. SD: standard deviation; HbA1c: hemoglobin A1c.
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Table 3. Factors Affecting the tAUC Change for ApoB-48 (N = 31)

Model 1 Model 2
T Standard partial Partial. Standard Standa.rd partial Partial' Standard
regression regression regression regression
coefficient coefficient coefficient coefficient
Age 0.047 0.010 0.021 0.633
Gender (male) 0.195 0.900 0.377 0.027*  0.196 0.902 0.307 0.007*
Duration of disease -0.116 -0.044 0.033 0.203
Statin -0.046 -0.147 0.316 0.648
ApoB-48 (AUC) -0.959 -0.594 0.045 <0.001* -0.958 -0.593 0.040 <0.001%*
HbAlc -0.017 -0.021 0.167 0.900
BMI -0.045 -0.022 0.041 0.593
Fasting blood sugar ~ 0.118 0.005 0.006 0.402 0.107 0.005 0.003 0.124
Fasting insulin 0.089 0.042 0.037 0.271
LDL-C -0.103 -0.006 0.005 0.265

The values of explanatory variables are baseline values. Model 1: The case where all explanatory variables were adopted. Model 2: The case with
the stepwise method using the Akaike information criterion as a sensitivity analysis. apoB-48: apolipoprotein B; HbA1c: hemoglobin A1c; BMI: body
mass index; LDL-C: low-density lipoprotein cholesterol; AUC: area under the curve; tAUC: total area under the curve. *P < 0.05 multiple regression

analysis.

fall excessively. HDL-C was reduced, but it was not an adverse
event and did not affect safety.

In our study, the absolute values of iAUC in TC, HDL-C,
and LDL-C were significantly decreased 6 months after ad-
ministration of teneligliptin. The reduced variability of these
biomarkers means reducing extra stretch in the blood vessels.
This may reduce the load on the blood vessels.

The tAUC of apoB-48 was significantly decreased, but the
tAUC of TG was not. This result suggests that apoB-48 may
not be the major constituent of TG-rich lipoproteins in post-
prandial plasma in this study. We did an exploratory analysis
of the changes in TG tAUC and apoB-48 tAUC by dividing the
group into those with high-baseline TG tAUC and those with
low-baseline TG tAUC. As a result, no significant intragroup
variation was observed between the two groups, and no signifi-
cant difference was observed in the amount of change in tAUC
between the groups. In nine cases with fasting TG of 150 mg/
dL or higher, the tAUC of TG did not change significantly, but
the tAUC of apoB-48 tended to decrease. Although lipoprotein
lipase (LPL) metabolizes apoB-48 chylomicrons after a meal,
it is possible that teneligliptin suppressed the action of LPL.
Homma et al reported that there was no significant change in
LPL in the 12-week trial of teneligliptin [31], but there was no
report of LPL changes before and after a meal. The results of
our study suggested that continuous use of teneligliptin may
suppress short-term postprandial LPL. Also, in the report of
Tremblay et al [23], the blood concentrations of TG and apoB-
48 peaked at about 6 h, and no significant difference was ob-
served between the placebo and sitagliptin up to 2 h. In our
study of teneligliptin, it is possible that apoB-48 had an effect
in the early phase, and that it might have taken a little longer
before the difference in TG appeared.

To date, some reports have suggested many improvements
in lipid markers by DPP4 inhibitors [15-18, 32-36] including
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teneligliptin [31, 37-39] used in the present study. The time
when significant improvement is recognized in each index
seems to vary. In addition, the direct effects on vascular en-
dothelium and cardiovascular events have not been examined
in this study, but the DPP4 inhibitor can reduce inflammation
in perivascular adipose tissues and suppress atherogenesis in
mice [40]. Improvements in human flow-mediated dilation
levels have also been reported [41]. We believe that the de-
crease in apoB-48 level by teneligliptin suggests that they can
prevent arteriosclerosis and possibly protect the cardiovascular
system.

Factors affecting the fluctuation factors of apoB-48

In this analysis, the higher the apoB-48 tAUC was at the start,
the more likely it was to decrease, and the more likely it was
to fall in women than in men. We analyzed them by using two
models and found that the significant factors were the same.
The mean value of apoB-48 tAUC at the start of this study
was 40.4 for men versus 33.1 for women; although not sig-
nificantly different, the values were higher in men (data not
shown). In this study, women were 53 to 66 years old (data
not shown), probably postmenopausal on the basis of the aver-
age menopause age of 50 years in Japanese women. According
to Masuda et al [42], generally postmenopausal women have
significantly higher apoB-48 than premenopausal women, but
in the same report, apoB-48 was higher in men than in post-
menopausal women without significant difference. The apoB-
48 gender values at the start in the present study are found to
be similar to the values reported by Masuda et al [42] and so
are not unusual. This is a result of multiple regression analysis
that takes into account the mutual effects of other variables,
including background information. Additionally, the lower-
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ing of apoB-48 by teneligliptin in women is more likely to be
independent of the starting value. It is not clear why gender
is a factor, but Perez-Durillo et al found higher postprandial
plasma levels of DPP4 activity in non-obese women than in
non-obese men [43]. In their report, postmenopausal women
were excluded, but another report mentioned that DPP4 ac-
tivity was not significantly different between postmenopausal
women and premenopausal women [44]. Since DPP4 activity
was higher in women than in men in this study, it is possible
that apoB-48 reduction due to DPP4 inhibition in women was
likely to occur in the small intestine. However, regarding the
blood glucose control effect of DPP4 inhibitors, no difference
between the sexes has been reported, and further reports are
awaited to elucidate the causes of marked differences in sex in
the small intestine.

Glycemic indexes and body weight

The blood glucose was significantly decreased in fasting indi-
viduals, and after 60 and 120 min of meal loading. In addition,
no significant change was observed in the insulin level in fast-
ing individuals, and after 60 min and 120 min of meal load-
ing. A similar tendency was observed in the report [25] about
the inhibitory effect of gemigliptin on the meal challenge re-
sponse, but no significant difference in blood glucose level oc-
curred between 30 min and 2 h postprandially. The number of
gemigliptin cases was 10, and our teneligliptin study was 31. It
is considered that a significant result was reflected by securing
the number of cases. Although there was no significant change
in the insulin level, HOMA-B showed improvement tendency,
indicating that insulin secretion improved, which was also true
for gemigliptin.

Regarding HbAlc, a significant decrease was observed 1
month after the start, and the effect was maintained even after
6 months. In addition, there was no significant change in body
weight over 6 months, and it is considered that the drug does
not cause weight gain. The results were similar to findings in
various other reports so far [17, 45].

In addition, there were no adverse events with an undeni-
able causal relationship to the treatment and the drug is safe
to use.

Study limitations

Since this study had no control group, it cannot be compared
to studies with other drugs. We did not research the levels of
other apolipoproteins (apoA-1, apoA-2, apoB-100, apoE).

Conclusions

After 6-month treatment with teneligliptin, a statistically sig-
nificant decrease in apoB-48 was observed during fasting and
after a meal. In addition, the high level of apoB-48 at the be-
ginning and female gender are factors that impact the signifi-
cant teneligliptin-induced decrease in apoB-48. These results
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suggest that DPP4 inhibitors may be beneficial for treating ar-
teriosclerotic lesions in diabetic patients.
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