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ABSTRACT
Aims/Introduction: This study investigated the impact of the dipeptidyl peptidase-4
inhibitor, anagliptin, on hepatic insulin clearance (HIC) in Japanese type 2 diabetes patients
and explored its relationship to glycemic status.
Materials and Methods: Data on 765 participants in anagliptin phase 2 and 3 studies
were analyzed. Adjusted changes in variables during 12 weeks of anagliptin therapy were
compared with a placebo. HIC was calculated as the ratio, C-peptide area under the curve
0–120 min to insulin area under the curve 0–120 min, after a meal tolerance test. To
explore the effects of baseline HIC levels on variables, participants receiving anagliptin
were divided according to quartiles of baseline HIC. Furthermore, multivariate analysis
investigated the association between baseline HIC levels and glycemic status.
Results: Anagliptin significantly reduced glycosylated hemoglobin levels (P < 0.001 vs
placebo) and HIC levels (P < 0.01). Longer duration of diabetes, lower body mass index,
higher glycosylated hemoglobin and lower insulin secretion capacity were observed with
increases in baseline HIC levels. Improvements in glycosylated hemoglobin, glycoalbumin
and 1,5-anhydroglucitol levels were greater in the relatively higher HIC group (baseline
HIC levels ≥median) than in the lower HIC group (<median).
Conclusions: Anagliptin affected HIC levels according to HIC baseline levels. Higher
baseline HIC values might result in improved hyperglycemia through reduced HIC.

INTRODUCTION
Incretin hormones, glucagon-like peptide-1 (GLP-1) and gastric
inhibitory polypeptide (GIP) are rapidly secreted from the
intestines after meals, and enhance insulin secretion dependent
on peripheral blood glucose levels1. Dipeptidyl peptidase-4 inhibitors (DPP-4is) inhibit the degradation of incretin hormones
and reduce hyperglycemia through enhancement of insulin
secretion from b-cells. Obesity in Asian people, including Japanese people, is not as prevalent as in those of European descent; therefore, type 2 diabetes mellitus among Asians occurs
mainly through a decline in insulin secretion capacity rather
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than by enhancement of insulin resistance2. DPP-4is are extensively used in Japan, because they promote insulin secretion
dependent on peripheral blood glucose levels without exaggerating hypoglycemic risk3.
Insulin secreted from b-cells is ﬁrst delivered to the liver,
where it is degraded, thus diminishing insulin levels in the
blood. Thus, blood insulin levels have already been inﬂuenced
by their hepatic clearance status in the liver. The attenuation of
postprandial hyperglycemia through the enhancement of incretin hormones might be attributed partially by their effects on
hepatic insulin clearance (HIC)4. Previously, controversial
results have been reported about the effects of incretin hormones (GLP-1 and GIP) on HIC5–8; however, little is known
about the effects of DPP-4is on HIC. Furthermore, a greater
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reduction in HbA1c levels through DPP-4is was observed in
Asians, who might not be as obese as white people with type 2
diabetes9. However, predictors of and the underlying mechanism for the improvement in hyperglycemia through DPP-4is
have not been sufﬁciently investigated10. We hypothesized that
a higher peripheral insulin supply by reducing HIC would be
involved in the mechanism by which DPP-4is enhance the
antihyperglycemic effect in Asian people with type 2 diabetes
who are not obese. Therefore, we aimed to investigate the effect
of a DPP-4i, anagliptin, on HIC in Japanese type 2 diabetes
patients who participated in anagliptin phase II/III studies. In
addition, we aimed to explore the predictors at baseline for the
improvement of hyperglycemia, focusing on their relationship
to HIC.

MATERIALS AND METHODS
Studies/patients

A pooled analysis of four anagliptin phase II/III studies11–13
(Table S1) over a period of 12 weeks that enrolled people with
type 2 diabetes was carried out, and various doses of anagliptin,
either as monotherapy or as an adjuvant antidiabetic agent,
were compared. The DP1003 study (anagliptin 200 and
400 mg monotherapy or placebo) and DP1002 and SK-0403-02
studies (anagliptin 200 mg or placebo as an add-on to other
oral antidiabetic agents) were randomized, placebo-controlled,
double-blind, parallel-group comparative studies. The SK-040301 study (anagliptin 200 mg) was a randomized, open-label,
parallel-group comparative study. Meal tolerance tests (MTTs)
were carried out in all studies at week 12 of anagliptin treatment. Individual-level data from the 12-week core study periods
in each study were used for this analysis. Each included study
was reviewed and approved by the institutional review boards
of each participating center. All participants provided written
informed consent before enrollment.
Measurements

Baseline values of the following laboratory variables were determined: glycosylated hemoglobin (HbA1c), fasting plasma glucose (FPG), glycoalbumin (GA), 1,5-anhydroglucitol (1,5-AG),
fasting insulin, fasting C-peptide, homeostatic model assessment
of insulin resistance score (HOMA-IR: fasting insulin [µU/
mL] 9 FPG [mg/dL] / 405), homeostatic model assessment of
b-cell function (HOMA-b: 360 9 fasting insulin [µU/
mL] / [FPG [mg/dL] - 63]) and the estimated glomerular ﬁltration rate (eGFR) calculated from serum creatinine (eGFR
[mL/min/1.73 m2]: 194 9 serum Cr [mg/dL]-1.094 9 age
[years]-0.287 9 0.739 [if female]). Furthermore, study baseline
data were assessed on body mass index (BMI) and the presence
of estimated fatty liver using the hepatic steatosis index:
8 9 (alanine transaminase [ALT] / aspartate transaminase
[AST] ratio) + BMI (+2, if female; +2, if diabetes mellitus)14.
The presence of fatty liver might be estimated in the participants with hepatic steatosis index values >36. An MTT was
carried out in the pooled studies. After a minimum fast of
2
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10 h, participants underwent an MTT with a test meal at the
medical institutions included in the clinical trials. The test meal
contained 500 kcal (50–51% carbohydrate, 10–11% protein and
38–39% lipids), and the same test meal was used in all integrated studies. Insulin and C-peptide were measured during the
MTT test. HIC was calculated as the ratio, C-peptide area
under the curve (AUC)0–120 min to insulin AUC0–120 min.
Insulinogenic index was also calculated as the ratio, Dinsulin0–
30 min-to-Dglucose0–30 min. Finally, the quantitative insulin sensitivity check index (QUICKI) as an insulin sensitivity index was
calculated as 1 / (log [fasting insulin] + log [FPG])15.
Analysis based on quartiles of baseline HIC levels

To assess the effect of baseline HIC levels on variables, participants receiving anagliptin were divided into four groups
according to quartiles of baseline HIC levels: quartile 1 (HIC
<5.97 pmolh/L/pmolh/L), quartile 2 (5.97 pmolh/L/pmolh/
L ≤ HIC < 7.32 pmolh/L/pmolh/L), quartile 3 (7.32 pmolh/
L/pmolh/L ≤ HIC < 8.88 pmolh/L/pmolh/L) and quartile 4
(HIC ≥8.88 pmolh/L/pmolh/L). Differences across the quartiles for changes in insulin AUC0–120 min, C-peptide AUC0–
120 min, HIC, HbA1c, GA and 1,5-AG were analyzed with an
analysis of variance. We deﬁned quartiles 1 and 2 (baseline
HIC <the median value) as the relatively lower HIC group, and
quartiles 3 and 4 (baseline HIC ≥the median value) as the relatively higher HIC group.
Multivariate analysis

To identify baseline clinical factors that might affect the change
in HIC at week 12, 15 clinically signiﬁcant variables were
included at baseline as potential factors in a multivariable
model; these were age, sex, dosage of anagliptin, duration of
diabetes, HbA1c, HOMA-IR, HOMA-b, BMI, ALT, gammaglutamyltransferase, triglyceride (TG) category (TG <150 mg/
dL vs TG ≥150 mg/dL), low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, eGFR and HIC in the participants receiving anagliptin.
To identify baseline clinical factors that might affect changes
in HbA1c, GA and 1,5-AG at week 12, 14 clinically signiﬁcant
variables were included at baseline as potential factors in a multivariable model; these were age, sex, dosage of anagliptin, duration of diabetes, HOMA-b, BMI, ALT, gammaglutamyltransferase, TG category (TG <150 mg/dL vs TG
≥150 mg/dL), low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, eGFR, HIC (relatively lower HIC group
vs relatively higher HIC group) and their baseline value.
Multivariate analysis was followed by stepwise model selection for factors with P-values <0.15.
Statistical analysis

Patients were analyzed according to three groupings: anagliptin
versus placebo, quartiles of baseline HIC and the relatively
lower HIC group versus the relatively higher HIC group in
those who received anagliptin, but excluding those receiving a
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placebo. In each group, demographics were summarized with
appropriate descriptive statistics (means and standard deviation
for continuous variables, and numerals and percentages for categorical variables). Changes and percentage changes in variables
from baseline to week 12 were analyzed using a t-test.
To determine the differences between the placebo and anagliptin, changes in variables at week 12 were analyzed with an
analysis of covariance (ANCOVA) model, with the group (placebo
and anagliptin) as a ﬁxed effect and their baseline values as
covariates.
Furthermore, differences in means and proportions in the
baseline assessments between groups (anagliptin vs placebo and
the relatively lower HIC group vs the relatively higher HIC
group) were analyzed using the Student’s t-test and Fisher’s
exact test. Also, differences in means and proportions in the
baseline assessments across quartiles were analyzed using analysis of variance and Fisher’s exact test. In the present study, all
HbA1c values are presented using National Glycohemoglobin
Standardization Program and Systeme International units. All
data were analyzed using the SAS System, Release 9.3 (SAS
Institute, Cary, NC, USA). The (two-sided) signiﬁcance level
for each test was 0.05, unless otherwise speciﬁed.

Insulin (pmol/L)

350

RESULTS
A total of 765 patients with type 2 diabetes were included in
this pooled analysis (Tables S1 and S2); 73% were men. The
mean age, duration of diabetes, BMI, HbA1c and HIC were
57.8 years, 8.4 years, 25.1 kg/m2, 8.1% (64.5 mmol/mol) and
7.70 pmolh/mL/pmolh/mL, respectively. During the 12 weeks
of treatment with anagliptin, HbA1c levels were signiﬁcantly
reduced (least squares mean -0.63% [-6.83 mmol/mol],
P < 0.001 vs placebo) and FPG levels were also signiﬁcantly
reduced (-15.5 mg/dL, P < 0.001 vs placebo; Table S3). The
mean level of insulin AUC0–120 min in the anagliptin group
(mean +12.3%) was signiﬁcantly increased compared with the
placebo group (+4.6%); however, C-peptide AUC0–120 min was
not signiﬁcantly increased in the anagliptin group (+6.2%) compared with the placebo group (+3.2%). The HIC levels were signiﬁcantly decreased in the anagliptin group (-1.4%) compared
with the placebo group (+2.9%; Table S3 and Figures 1 and 2).
Multivariate analysis showed that higher HIC levels at baseline were negatively correlated with the change in HIC at
week 12 (Table 1). Participants receiving anagliptin were
divided into four groups according to the quartiles of baseline
HIC levels (Table 2). The duration of diabetes was longer, and
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Figure 1 | Insulin, C-peptide and hepatic insulin clearance after meal tolerance test in participants receiving anagliptin. Data are expressed as the
mean (standard deviation). Paired t-test, not significant (NS) *P < 0.05, **P < 0.01, ***P < 0.001 (vs baseline). Upper panels: ●, anagliptin; solid
line, baseline; dotted line, at week 12. Lower panels: ■, anagliptin. AUC, area under the curve.
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Figure 2 | Insulin, C-peptide and hepatic insulin clearance after meal tolerance test in participants receiving placebo. Data are expressed as the
mean (standard deviation). Paired t-test, not significant (NS) (vs baseline). Upper panels: ○, placebo; solid line, baseline; dotted line, at week 12.
Lower panels: □, placebo. AUC, area under the curve.

Table 1 | Baseline predictors influencing the change in hepatic insulin
clearance levels at week 12
Factors

Regression coefficient

P

Men
TG ≥150
HDL-C (higher 1 mg/dL)
HOMA-b (higher 1 unit)
ALT (higher 1 IU/L)
Hepatic insulin clearance†
(higher 1 pmolh/L/pmolh/L)
Anagliptin 400 mg (vs 200 mg)

0.39
0.22
0.01
-0.01
-0.01
-0.35

0.0048
0.1113
0.0160
0.0382
0.0024
<0.001

-0.58

0.0027

Selected factors for multivariate analysis: age, sex, dosage of anagliptin,
duration of diabetes, glycosylated hemoglobin, homeostatic model
assessment of insulin resistance score, homeostatic model assessment
of b-cell function score (HOMA-b), body mass index, alanine transaminase (ALT), gamma-glutamyltransferase, triglycerides (TG) category (TG
<150 vs TG ≥150), low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol (HDL-C), estimated glomerular filtration rate and
hepatic insulin clearance. P < 0.15. †C-peptide area under the curve
(AUC)0–120 min-to-insulin AUC0–120 min ratio.
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HbA1c and FPG levels were higher, whereas BMI, insulin
secretion capacity levels and the proportion of the presence of
estimated fatty liver were lower based on increased baseline
HIC levels. At week 12 a greater increase in insulin AUC0–
120 min was observed according to increasing baseline HIC levels
across quartiles (P < 0.001), whereas C-peptide AUC0–120 min
did not change across the quartiles. The HIC levels in quartile 1 were signiﬁcantly increased from baseline to week 12,
whereas in both quartiles 3 and 4, they were signiﬁcantly
decreased. The changes in HIC levels were signiﬁcantly different across the quartiles (P < 0.001; Table 3). QUICKI levels
signiﬁcantly increased in quartile 1 (mean [standard error],
+0.005 [0.002], P < 0.001 vs baseline).
Baseline characteristics in the relatively lower and higher
HIC group, respectively, are shown in Table S4. In the relatively higher HIC group, peripheral blood insulin levels were
signiﬁcantly increased from baseline to week 12; also, C-peptide-to-insulin ratios were signiﬁcantly decreased at all periods
during the MTT (Fig. 3). Insulin AUC0–120 min was signiﬁcantly
increased (mean +21.6%, P < 0.001 vs baseline) in the relatively
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Quartile 3
141
58.0 (9.8)
128 (90.8)/13 (9.2)
135 (95.7)/6 (4.3)
54 (38.3)/26 (18.4)/9
(6.4)/30 (21.3)/22 (15.6)
9.8 (6.3)
23.7 (3.7)
85.3 (16.9)
8.3 (1.1)
67.5 (12.5)
174.7 (44.6)
24.2 (5.2)
4.7 (4.1)
474.5 (105.1)
65.5 (12.6)
14.0 (8.2)
0.15 (0.39)
1.8 (1.5)
24.1 (14.9)
412.0 (178.9)
148.1 (62.2)
1564.6 (574.9)
10.95 (2.06)
23.3 (8.3)
25.7 (13.9)
50.6 (46.1)
33 (23.4)
122.4 (30.5)
59.0 (16.3)
146.9 (199.8)

Quartile 4

<0.001
<0.001
0.143
<0.001
<0.001
<0.001
<0.001
0.002
<0.001
0.004
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.008
0.001
0.124
<0.001
0.310
<0.001
0.770

0.159
<0.001
0.049
–

P

Participants receiving anagliptin were divided into four groups according to the quartile of baseline hepatic insulin clearance levels: quartile 1 (hepatic insulin clearance < 5.97 pmolh/L/
pmolh/L), quartile 2 (5.97 pmolh/L/pmolh/L ≤ hepatic insulin clearance < 7.32 pmolh/L/pmolh/L), quartile 3 (7.32 pmolh/L/pmolh/L ≤ hepatic insulin clearance < 8.88 pmolh/L/
pmolh/L) and quartile 4 (hepatic insulin clearance ≥ 8.88 pmolh/L/pmolh/L). Data are expressed as the mean (standard deviation). Analyses were carried out by analysis of variance
and Fisher’s exact test. a-GI, alpha-glucosidase inhibitor; 1,5-AG 1,5-anhydroglucitol; ALT, alanine transaminase; AST, aspartate transaminase; AUC, area under the curve; BMI, body mass
index; FPG, fasting plasma glucose; eGFR, estimated glomerular filtration rate; GA, glycoalbumin; GGT, gamma-glutamyltransferase; HbA1c, glycosylated hemoglobin; HDL-C, high-density
lipoprotein cholesterol; HOMA-b, homeostatic model assessment of b-cell function score; HOMA-IR, homeostatic model assessment insulin resistance; LDL-C, low-density lipoprotein
cholesterol; Met, metformin; Mono, monotherapy; SU, sulfonylurea; TG, triglycerides; TZD, thiazolidinedione

Duration of diabetes (years)
BMI (kg/m2)
eGFR (mL/min/1.73 m2)
HbA1c (%)
HbA1c (mmol/mol)
FPG (mg/dL)
GA (%)
1,5-AG (µg/mL)
Glucose AUC (mgh/dL)
Bodyweight (kg)
HOMA-b
Insulinogenic index
HOMA-IR
Fasting insulin (pmol/L)
Fasting C-peptide (pmol/L)
Insulin AUC0–120 min (pmolh/L)
C-peptide AUC0–120 min (pmolh/L)
Hepatic insulin clearance (pmolh/L/pmolh/L)
AST (IU/L)
ALT (IU/L)
GGT (IU/L)
Estimated fatty liver, n (%)
LDL-C (mg/dL)
HDL-C (mg/dL)
TG (mg/dL)

n
Age (years)
Sex, n (men/women)
Anagliptin, n (200/400 mg)
Mono/a-GI/Met/SU/TZD, n

Quartile 2

Quartile 1

Hepatic insulin clearance

Table 2 | Baseline characteristics according to quartiles of baseline hepatic insulin clearance
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Table 3 | Changes in variables from baseline to week 12
Hepatic insulin clearance
Quartile 1
Insulin AUC0–120 min (pmolh/L)
n
137
Mean (SE)
-14.2 (7.7)
C-peptide AUC0–120 min (pmolh/L)
n
137
Mean (SE)
35.5 (34.7)
Hepatic insulin clearance (pmolh/L/pmolh/L)
n
137
Mean (SE)
0.42 (0.12)***
HbA1c (%)
n
138
Mean (SE)
-0.51 (0.05)***
GA (%)
n
138
Mean (SE)
-2.2 (0.2)***
1,5-AG (µg/mL)
m
138
Mean (SE)
3.6 (0.3)***

P
Quartile 2

Quartile 3

Quartile 4

135
23.7 (7.7)**

137
39.8 (7.7)***

140
27.9 (7.6)***

<0.001

135
103.5 (34.9)**

137
124.5 (34.6)***

140
63.2 (34.3)**

0.264

135
0.06 (0.12)

137
-0.41 (0.12)***

140
-1.14 (0.12)***

<0.001

136
-0.59 (0.05)***

137
-0.71 (0.05)***

140
-0.72 (0.05)***

0.005

136
-2.6 (0.2)***

137
-3.4 (0.2)***

140
-3.6 (0.2)***

<0.001

136
3.6 (0.3)***

137
4.1 (0.3)***

140
3.6 (0.3)***

0.505

Participants receiving anagliptin were divided into four groups according to quartiles of baseline hepatic insulin clearance levels: quartile 1 (hepatic
insulin clearance < 5.97 pmolh/L/pmolh/L), quartile 2 (5.97 pmolh/L/pmolh/L ≤ hepatic insulin clearance < 7.32 pmolh/L/pmolh/L), quartile 3
(7.32 pmolh/L/pmolh/L ≤ hepatic insulin clearance < 8.88 pmolh/L/pmolh/L) and quartile 4 (hepatic insulin clearance ≥ 8.88 pmolh/L/pmolh/
L). Mean (standard error) for variables. ANOVA across the quartiles. Paired-t vs baseline. 1,5-AG, 1,5-anhydroglucitol; AUC, area under the curve;
GA, glycoalbumin; HbA1c, glycosylated hemoglobin; SE, standard error. *P < 0.05. **P < 0.01. ***P < 0.001 vs baseline.

higher HIC group, whereas there was no signiﬁcant increase in
the percentage change in insulin AUC0–120 min (+3.0%, not signiﬁcant) in the relatively lower HIC group. Additionally, c-peptide AUC0–120 min was signiﬁcantly increased in both the
relatively higher HIC group (+7.7%, P < 0.001) and the relatively lower HIC group (+4.7%, P = 0.0001). As a result, HIC
was signiﬁcantly reduced (-7.4%, P < 0.001) in the relatively
higher HIC group, whereas it was signiﬁcantly increased
(+4.7%, P < 0.001) in the relatively lower HIC group (Fig. 3).
Multivariate analysis showed that greater reductions in HbA1c
and glycoalbumin levels, and a greater increase in 1,5-anhydroglucitol levels were observed in the relatively higher HIC
group (Table 4).

DISCUSSION
The present study is the ﬁrst to ﬁnd that a DPP-4i signiﬁcantly
reduced HIC, which allowed an additional supply of insulin
into peripheral blood. Multivariate analysis showed that a
greater reduction in HIC was observed in participants with
higher baseline HIC levels. Also, larger improvements in glycemic status were shown among participants with higher baseline
HIC levels. Taken together, baseline HIC status might be a predictor related to the improvement in hyperglycemia through
the DPP-4i, anagliptin. Evaluation of baseline HIC levels before
the initiation of anagliptin administration might provide
6
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information about the population that would be expected to
achieve greater reductions in hyperglycemia through anagliptininduced HIC reductions in clinical settings.
In the present analysis, we examined the ratio of C-peptide
AUC-to-insulin AUC as a surrogate index to estimate HIC status. The deﬁnition of the ratio of C-peptide AUC-to-insulin
AUC to show HIC has been a matter of debate. In the current
study, the difference in the 30-min value of the C-peptide-to-insulin ratio after the administration of anagliptin was small, and
that difference tended to be greater at 90 and 120 min (Figure 3). The possibility that the AUC0–120 min ratio includes not
only HIC, but also systemic insulin clearance, cannot be completely ruled out. However, in many reports, HIC was calculated
using the AUC0–120 min ratio16–18. Furthermore, that index was
reported to be closely correlated with HIC (r = 0.74, P < 0.001)
measured by the euglycemic hyperinsulinemic clamp method19.
Therefore, the index, the C-peptide AUC0–120 min to insulin
AUC0–120 min ratio, might indicate mainly HIC and was used in
the present study.
Higher HIC might reduce peripheral insulin levels and
require postprandial hypersecretion of insulin from b-cells to
provide sufﬁcient peripheral insulin20. In contrast, the
reduced HIC might cause an excessive postprandial insulin
supply, which could cause hyperinsulinemia, obesity, metabolic syndrome and insulin resistance7,16. The present study
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Figure 3 | Insulin, C-peptide and hepatic insulin clearance after meal tolerance test according to baseline hepatic insulin clearance (HIC; relatively
lower HIC group vs relatively higher HIC group). Participants receiving anagliptin were divided into four groups according to the quartiles of
baseline HIC levels: quartile 1 (HIC < 5.97 pmolh/L/pmolh/L), quartile 2 (5.97 pmolh/L/pmolh/L ≤ HIC < 7.32 pmolh/L/pmolh/L), quartile 3
(7.32 pmolh/L/pmolh/L ≤ HIC < 8.88 pmolh/L/pmolh/L) and quartile 4 (HIC ≥8.88 pmolh/L/pmolh/L). Quartiles 1 and 2 were defined as the
relatively lower HIC group, and quartiles 3 and 4 were defined as the relatively higher HIC group. Data are expressed as the mean (standard
deviation). Paired t-test, not significant (NS), *P < 0.05, **P < 0.01, ***P < 0.001 (vs baseline). Upper panels: ○, relatively lower HIC group;
●, relatively higher HIC group; solid line, baseline; dotted line, at week 12. Lower panels: □, relatively lower HIC group; ■, relatively higher HIC
group. AUC, area under the curve.

showed that anagliptin might promote an additional postprandial insulin supply in participants with a lower peripheral insulin supply by reducing HIC levels. This study also
suggested that an excessive insulin supply might not be elicited in participants with sufﬁcient postprandial insulin levels,
which provides support that DPP-4is might not exaggerate
hyperinsulinemia, which would be likely to cause weight gain
and hypoglycemia3. HIC levels were signiﬁcantly decreased
from baseline to week 12 in the quartile 3 and 4 groups,
which had baseline HIC levels that were relatively higher
(Table 3). In contrast, HIC levels were signiﬁcantly increased
in quartile 1, but were not signiﬁcantly changed in quartile 2
(Table 3). In quartiles 3 and 4, the reduction in HIC might
contribute to the improvement in blood glucose, whereas the
excessive peripheral insulin supply due to the reduction in
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HIC might lead to the risk of various metabolic disorders in
the future. In contrast, in patients with low baseline HIC,
anagliptin does not alter or elevate HIC, so the beneﬁt of
glycemic control is relatively small. Also, the risk of contributing to the development of metabolic abnormalities is
considered to be low.
Some investigations of the effects of incretin hormones on
HIC have produced controversial results. An exogenously
administered incretin hormone and a DPP-4i, sitagliptin, did
not inﬂuence HIC in healthy volunteers8,21, whereas the exogenously administered GIP reduced HIC in ﬁrst-degree relatives
of type 2 diabetes patients7. Basic experiments showed that
exogenously administered GLP-1 reduced HIC in a mouse
model6, and that the double knockout mouse model for GIP
and GLP-1 receptor showed increased HIC5. Furthermore,
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(HOMA-b), body mass index (BMI), alanine transaminase (ALT), gamma-glutamyltransferase (GGT), triglycerides category (TG <150 vs TG ≥150), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), estimated glomerular filtration rate (eGFR) and hepatic insulin clearance (relatively lower hepatic insulin clearance [HIC] group vs relatively
higher HIC group); (B) age, sex, dosage of anagliptin, duration of diabetes, glycoalbumin (GA), HOMA-b, BMI, ALT, GGT, TG category (TG <150 vs TG ≥150), LDL-C, HDL-C, eGFR and
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TG category (TG < 150 vs TG ≥ 150), LDL-C, HDL-C, eGFR and hepatic insulin clearance (relatively lower HIC group vs relatively higher HIC group). P < 0.15. b, Regression coefficient.
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backgrounds of study participants with reference to race and
ethnicity were likely to inﬂuence HIC levels22,23. In the present
study, baseline HIC was negatively correlated with the effect of
anagliptin on HIC at week 12 from the result of multivariate
analysis; thus, baseline HIC status might have an important
impact on the effects of incretin hormones on HIC. The impact
on HIC through the DPP-4i might be attributed to the baseline
HIC status; therefore, consistent results might not be observed
through the intervention of DPP-4i and exogenous incretin
hormones.
In the current study, a longer duration of diabetes and lower
baseline BMI, fasting and postprandial insulin, and insulin
secretion capacity and a smaller proportion of estimated fatty
liver were observed according to increased baseline HIC levels.
Also, baseline HIC levels were signiﬁcantly associated with the
baseline parameters that were previously reported. Baseline HIC
levels were negatively associated with fat accumulation in the
whole body24, liver25 and visceral areas26. The characteristics of
participants with high baseline HIC levels might be similar to
those in Asian people with type 2 diabetes who are not obese.
This is the ﬁrst study to explore potential clinical factors,
including HIC status, that might inﬂuence the degree of reductions in HbA1c and GA, and the increase in 1,5-AG through
anagliptin. Previously, age27, duration of diabetes28, BMI29, glycemic status10, insulin secretion capacity, insulin resistance30,
racial differences9,10 and nutrients31,32 before the start of treatment with DPP-4i were proposed as independent factors that
might inﬂuence a reduction in HbA1c levels. A greater lowering effect on HbA1c through DPP-4i was observed in Asian
participants with type 2 diabetes than in non-Asians9. Differences in insulin secretion capacity33, postprandial GLP-1 secretin34 and nutrients31 between those participants were proposed
as the underlying mechanism. Also, higher BMI levels in type 2
diabetes participants were thought to weaken the degree of
reduction in HbA1c29, because serum activity of DPP-4 was
positively correlated with BMI values35, and lower levels of
postprandial GLP-1 secretion were seen in non-diabetic participants with obesity36. The current study suggested that a high
baseline HIC level might be one of the predictors of the antihyperglycemic effects through anagliptin.
Sulfonylureas were reported to decrease HIC, but sulfonylurea-induced changes in HIC have not been investigated
according to an association with baseline HIC values37–39. Similarly, there have been investigations of the effect of incretin
(GLP-1, GIP) on HIC, but the results were controversial and
not evaluated by baseline HIC5–8. Thus, it is unclear whether
this effect is a DPP-4 inhibitor-speciﬁc effect of insulin secretagogues. However, in the current study, a similar degree of
increases in C-peptide AUC among quartiles after anagliptin
treatment was observed, with HIC signiﬁcantly reduced in
quartiles 3 and 4 and relatively higher baseline HIC groups
(Table 3). These results suggested that changes in HIC were
not simply affected by insulin secretion alone. To further support the DPP-4 inhibitor-induced unique effects on HIC,
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further investigations of participants with similar clinical backgrounds (baseline HIC levels, race and ethnicity) to those in
the current study using the other insulin secretagogues will be
required.
Tolerance tests that enhance secretion of incretin hormones
might be preferred when the effects of DPP-4is are investigated.
The secretion of incretin hormones was more greatly enhanced
in the mixed meal (glucose, fat and protein) tolerance test than
in tests with only glucose, protein and fat in a previous report4.
Therefore, incretin effects by DPP-4is might be less with the
oral glucose tolerance test than with the MTT. Similarly, these
effects might be smaller with single fat or protein loading than
with the MTT. Nutritional differences in tolerance tests might
inﬂuence DPP-4is-induced effects on HIC. Thus, further study
will be required.
The present study had several limitations. The current study
was a post-hoc study using the integrated analysis of four
prospective studies focusing on HIC. Also, the participants’
backgrounds were heterogeneous. Furthermore, the number of
participants who had received each concomitant antidiabetic
agent was limited and was not balanced. Thus, we did not
clearly evaluate the effects of concomitant antidiabetic agents
on HIC. A further prospective study will be required to address
this issue. We evaluated the C-peptide AUC-to-insulin AUC
ratio as the surrogate index for HIC, which might be an indirect estimate for HIC. A direct approach to calculate HIC
through the measurements of hormone levels in the portal vein
was shown40; however, this approach might be difﬁcult to apply
to large human cohorts. Additionally, concentrations of GLP-1,
GIP, glucagon and anagliptin were not measured and monitored during the study period. An MTT was not carried out
until the 12th week of treatment with anagliptin in all examined studies. Further prospective long-term placebo-controlled
studies on larger cohorts are required to conﬁrm our presumed
explanation. There are many factors that determine HIC, and
those factors that had been examined in the current study were
limited. Thus, it is unclear whether the relationship between
DPP4i and HIC is direct or indirect.
In conclusion, the DPP-4i, anagliptin, signiﬁcantly reduced
HIC and its reduction was independently inﬂuenced by baseline
HIC status. The reduced HIC might contribute to an additive
supply of peripheral blood insulin followed by a greater reduction in hyperglycemia in participants with higher HIC status
who were not obese and had lower insulin secretion capacity.
The effects on HIC might be associated with the antihyperglycemic effects through DPP-4is.
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