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ABSTRACT
Aims/Introduction: The goal of the study was to examine the effects of sitagliptin
dose-up or glimepiride dose-up in Japanese patients with type 2 diabetes who were
controlled inadequately by sitagliptin and glimepiride in combination.
Materials and Methods: A multicenter, prospective, randomized, open-label study was
carried out in 50 patients with type 2 diabetes treated with sitagliptin and low-dose glim-
epiride. The patients were randomly assigned to receive the addition of 50 mg/day sitaglip-
tin or 0.5 mg/day glimepiride. The primary end-point was the percentage change in
glycated hemoglobin (HbA1c).
Results: During a follow-up period, the difference in the percentage changes in HbA1c
between the two groups was not significant (P = 0.13). However, HbA1c was significantly
decreased by glimepiride dose-up (P < 0.01 vs baseline), but not by sitagliptin dose-up
(P = 0.74). Univariate linear regression analyses showed that the percentage change in
HbA1c was significantly associated with the serum level of arachidonic acid (AA) in both
groups.
Conclusions: There was no significant difference in the HbA1c-lowering effects
between the two groups. However, a significant HbA1c-lowering effect from baseline of
glimepiride dose-up was found, and the AA level showed a negative correlation with the
decrease in HbA1c in the sitagliptin dose-up group, but a positive correlation in the glim-
epiride dose-up group. These findings suggest that the AA level is associated with HbA1c
reduction in response to dose-up with these drugs in patients with type 2 diabetes in a
combination therapy with sitagliptin and glimepiride. This trial was registered with UMIN
(no. 000009544).

INTRODUCTION
Type 2 diabetes is a chronic disease that usually requires treat-
ment with multiple antihyperglycemic agents (AHAs) during
the course of the disease. The American Diabetes Association/

European Association for the Study of Diabetes algorithm for
treating type 2 diabetes recommends metformin as initial
monotherapy1. In contrast, insulin secretion capacity is geneti-
cally lower in Japanese subjects than in Caucasians. Therefore,
sulfonylureas (SUs) are frequently used in treatment in
approximately 60% of type 2 diabetes patients in Japan2.
However, SUs often increase the risks of hypoglycemia and
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weight gain resulting in deterioration of glycemic control in
the long term.
A dipeptidylpeptidase-4 (DPP-4) inhibitor is an AHA that

prevents degradation of glucagon-like peptide-1 (GLP-1) and
gastric inhibitory polypeptide (GIP)3. Six different DPP-4 inhib-
itors are available in Japan: sitagliptin, vildagliptin, alogliptin,
linagliptin, teneligliptin and anagliptin. Among these agents,
sitagliptin is the most widely used, because it was the first
DPP-4 inhibitor approved in Japan, and its efficacy and safety
are proved in Japanese clinical practice4. Sitagliptin might be
more effective for glycemic control in Japanese patients as com-
pared with Caucasian patients5–7. Sitagliptin does not increase
the incidence of hypoglycemia when used as monotherapy or
with agents that do not cause hypoglycemia, such as metformin
and thiazolidinediones, but might increase the incidence when
used with agents that cause hypoglycemia8. The first report of
severe hypoglycemia in a Japanese patient treated with sitaglip-
tin combined with SUs was described in a case in which
50 mg/day sitagliptin was added to 6 mg/day glimepiride9.
Since then, there have been more than 70 reported cases of
severe hypoglycemia within a week after initiation of combina-
tion therapy with sitagliptin and SUs10. In most of these cases,
a relatively high dose of SUs was administered to elderly
patients who also had mild renal dysfunction. This led to estab-
lishment of a committee of diabetologists to examine the
appropriate use of incretin-based therapy. This committee rec-
ommended that the SU dose should be no more than 1.25 mg/
day glibenclamide, 2.0 mg/day glimepiride or 40 mg/day glic-
lazide at the initiation of incretin-based therapy11.
Since this recommendation was established in Japan, the

number of cases of severe hypoglycemia has decreased mark-
edly, and it was reported that combination therapy with sitag-
liptin and a low dosage of SUs was safe and effective for
glycemic control4. However, the effect of glimepiride dose-up
or sitagliptin dose-up on glycemic control in patients with
type 2 diabetes controlled inadequately by a combination ther-
apy with sitagliptin and a low-dose of glimepiride has not
been determined. The standard initial dose of sitagliptin in
Japan is 50 mg/day, and sitagliptin 50 mg/day dose-up in
patients who are poorly controlled with 50 mg/day sitagliptin
is common in Japan, because the maximum recommended
dosage of sitagliptin is 100 mg/day. The minimum dosage of
glimepiride is 0.5 mg, and the maximum is 6 mg/day. There-
fore, we carried out a prospective study to investigate the
efficacy of the addition of 50 mg/day sitagliptin (maximum
dose-up) or 0.5 mg/day glimepiride (minimum dose-up) for
glycemic control in Japanese patients treated with a combina-
tion therapy.
Recently, Iwasaki et al.12 showed that alterations in the

glycated hemoglobin (HbA1c) level on administration of
DPP-4 inhibitors as monotherapy are associated with estimated
intake of fish, estimated intake of dietary n-3 polyunsaturated
fatty acids (PUFAs), and serum levels of eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), but not with arachi-

donic acid (AA). Accordingly, the relationships between the
percentage change in HbA1c and serum levels of PUFAs (AA,
EPA, DHA and EPA/AA ratio) were also determined.

MATERIALS AND METHODS
Participants and Study Design
The present study was carried out as a prospective, multicenter,
randomized, open-label, parallel-group, intervention trial in 50
patients with type 2 diabetes who visited our medical institu-
tions as outpatients. The study was designed in accordance with
the principles stated in the Declaration of Helsinki. All partici-
pants gave written informed consent. The protocol was
approved by the ethics committee of Kumamoto University
(approval number 1469). This trial was registered with the Uni-
versity Hospital Medical Information Network (UMIN; no.
000009544).
Eligible patients were those with type 2 diabetes receiving

treatment with sitagliptin (50 mg/day) and glimepiride
(≤2.0 mg/day) with or without metformin at a stable dosage
for at least 16 weeks, and aged ≥20 years with a HbA1c level
≥6.9% and no improvement in HbA1c within 12 weeks
before dose-up. Patients with type 1 diabetes, secondary dia-
betes, severe renal disease, severe hepatic disease, alcoholism,
severe depression or a severe psychological condition, malig-
nancy or abnormal hemoglobinemia were excluded. Patients
who had received a blood transfusion within 4 months before
the start of the study, and pregnant and nursing women
were also excluded. Antidiabetic agents containing insulin,
antihypertensive agents, statins or fibrates were not newly
administered or their doses were not changed from 16 weeks
before the start until the end of the study. The patients
underwent baseline evaluation and were randomized 1:1 to
receive 50 mg/day of sitagliptin dose-up or 0.5 mg/day of
glimepiride dose-up using a computer-generated allocation
schedule. The patients were instructed to take sitagliptin or
glimepiride each morning after breakfast, and were asked not
to alter their lifestyle, including diet, exercise and habits, dur-
ing the study.
The primary end-point was the percentage change in

HbA1c, calculated as: (post-treatment value - baseline value)
9 100/baseline value, at each assessment during the follow-up
period. The secondary end-points included the percentage
changes in body mass index (BMI), fasting plasma glucose
(FPG) and high molecular weight (HMW) adiponectin at each
assessment. The follow-up period was 12 weeks. Fasting serum
levels of AA, EPA and DHA were measured before dose-up of
sitagliptin or glimepiride. Hypoglycemia was defined as any
symptomatic event with cognitive or adrenergic signs with or
without confirmation of plasma glucose. Severe hypoglycemia
was defined as any symptomatic event requiring assistance by
another person.
Blood samples were obtained between 08.30 h and 09.30 h

after overnight fasting. HbA1c was measured by high-perfor-
mance liquid chromatography. The values of HbA1c are pre-
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sented as National Glycohemoglobin Standardization Program
values (%) calculated by the formula HbA1c (%) = 1.02 9

Japan Diabetes Society (%) + 0.25%, according to the recom-
mendations of the Japan Diabetes Society13,14. Plasma insulin
was measured by an electrochemiluminescence immunoassay
(Eclusis insulin; Roche Diagnostics, Basel, Switzerland). Low-
density lipoprotein cholesterol levels were calculated using the
formula of Friedewald et al.15. HMW adiponectin was mea-
sured by a latex turbidimetric immunoassay (Human adiponec-
tin latex kit; Mitsubishi Chemical Medience Corporation,
Tokyo, Japan). Serum AA, EPA and DHA were measured by
gas chromatography by BML Inc. (Tokyo, Japan).

Statistical Analysis
Data are expressed as means – standard deviation. Changes in
clinical parameters from before to 12 weeks after sitagliptin or
glimepiride dose-up were evaluated by Wilcoxon signed-rank
test. Differences in clinical parameters between the two groups
were evaluated by Mann–Whitney U-test. To identify predictors
of reductions of HbA1c after sitagliptin or glimepiride dose-up,
Spearman’s correlation coefficient analysis was used to evaluate
univariate correlations between improvement in HbA1c, and
baseline levels of EPA, DHA, AA and EPA/AA ratio. P-values
<0.05 were considered to be statistically significant. Data analy-
sis was carried out using SPSS version 11.5 for Windows (SPSS
Inc., Chicago, IL, USA).

RESULTS
There were no significant differences in baseline characteristics
between the sitagliptin and glimepiride dose-up groups
(Table 1). All 50 participants completed the trial, and there
were no clinically significant adverse events, except for hypogly-
cemia. Symptomatic hypoglycemia occurred in one patient in
the glimepiride dose-up group, but there was no severe hypo-
glycemic event in both groups. The final dosages of sitagliptin
and glimepiride were 100 mg/day and 1.2 – 0.6 mg/day in the
sitagliptin dose-up group, and 50 mg/day and 1.7 – 0.5 mg/
day in the glimepiride dose-up group, respectively.
There was no significant difference in the percentage change

in HbA1c between the two groups (sitagliptin -0.3 – 4.8% vs
glimepiride -3.0 – 5.3%, P = 0.13; Figure 1). However, HbA1c
significantly decreased from 7.5 – 0.6% at baseline to
7.3 – 0.7% after 12 weeks in the glimepiride dose-up group
(P < 0.01). In contrast, HbA1c in the sitagliptin dose-up group
had no significant change from baseline (7.3 – 0.5%) to after
12 weeks (7.3 – 0.7%).
For the secondary end-points, there were no significant dif-

ferences between the groups in percentage change in BMI
(sitagliptin 0.1 – 1.7% vs glimepiride 0.7 – 2.1%, P = 0.32),
FPG (3.5 – 18.6% vs 2.4 – 19.9%, P = 0.41) and HMW
adiponectin (8.7 – 18.9% vs 8.2 – 17.1%, P = 0.62). However,
in the glimepiride dose-up group, HMW adiponectin
increased significantly from 7.6 – 3.5 to 8.1 – 3.4 lU/mL after
12 weeks (P < 0.05). In the sitagliptin dose-up group, high-

density lipoprotein cholesterol (HDL-C) increased significantly
from 55 – 15 to 58 – 18 mg/dL after 12 weeks (P < 0.05;
Table 2).
Correlations of AA, EPA, DHA and EPA/AA ratio with the

percentage change in HbA1c determined by linear regression
analysis are shown in Table 3. Simple linear regression analysis
showed that baseline AA and the percentage change in HbA1c
were negatively correlated in the sitagliptin dose-up group
(r = -0.497, P < 0.05), but positively correlated in the glimepi-
ride dose-up group (r = 0.531, P < 0.01; Figure 2a). To further
investigate the impact of AA on the efficacy of the two treat-
ments, the participants in each group were divided into two
subgroups by average level of AA (196.9 lg/mL), and percent-
age change in HbA1c in these subgroups was analyzed. In

Table 1 | Demographic and baseline characteristics of the participants

Characteristics All Sitagliptin
dose-up

Glimepiride
dose-up

P-value*

n (Male/female) 50 (31/19) 25 (16/9) 25 (15/10) –
Age (years) 63.1 – 12.4 63.9 – 10.3 62.4 – 14.3 0.99
BMI (kg/m2) 25.1 – 3.9 24.9 – 4.1 25.3 – 3.6 0.93
SBP (mmHg) 134 – 15 132 – 14 136 – 16 0.45
DBP (mmHg) 78 – 11 76 – 13 80 – 9 0.25
BUN (mg/dL) 15.6 – 4.8 14.8 – 4.6 16.4 – 5.0 0.19
Creatinine (mg/dL) 0.77 – 0.19 0.74 – 0.18 0.81 – 0.21 0.19
HbA1c (%) 7.4 – 0.6 7.3 – 0.5 7.5 – 0.6 0.22
TC (mg/dL) 182 – 27 185 – 29 178 – 23 0.21
LDL-C (mg/dL) 102 – 23 104 – 27 99 – 18 0.36
HDL-C (mg/dL) 51 – 13 55 – 15 47 – 10 0.05
TG (mg/dL) 143 – 32 133 – 71 157 – 68 0.16
Non-HDL-C
(mg/dL)

131 – 28 131 – 34 131 – 22 0.92

FPG (mg/dL) 143 – 32 142 – 32 145 – 33 0.68
F-IRI (lU/mL) 8.1 – 4.7 8.0 – 4.6 8.3 – 5.0 0.99
HMWadiponectin
(lg/mL)

7.3 – 3.5 7.0 – 3.6 7.6 – 3.5 0.54

AA (lg/mL) 196.9 – 41.7 190.2 – 31.6 203.3 – 49.4 0.47
EPA (lg/mL) 82.6 – 42.7 85.0 – 33.5 80.3 – 50.7 0.20
DHA (lg/mL) 154.3 – 47.5 153.6 – 42.5 155.0 – 52.8 0.77
EPA/AA ratio 0.45 – 0.27 0.46 – 0.19 0.43 – 0.33 0.16
Dosage of
glimepiride
(mg/day)

1.2 – 0.5 1.2 – 0.6 1.2 – 0.5 0.99

Metformin (n) 25 14 11 0.40
Dosage of
metformin
(mg/day)

350 – 388 400 – 382 300 – 395 0.24

AA, arachidonic acid; BMI, body mass index; DBP, diastolic blood
pressure; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; F-IRI,
fasting immunoreactive insulin; FPG, fasting plasma glucose; HDL-C,
high-density lipoprotein cholesterol; HMW adiponectin, high molecular
weight adiponectin; LDL-C, low-density lipoprotein cholesterol; SBP,
systolic blood pressure; TC, total cholesterol; TG, triglyceride.
Mean – standard deviation values are shown. *P-values for differences
between the sitagliptin and glimepiride groups.
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patients with AA ≤196.9 lg/mL, the percentage change in
HbA1c in the glimepiride dose-up group (-5.2 – 5.6%) signifi-
cantly decreased more than that in the sitagliptin dose-up
group (0.3 – 4.6%; P < 0.01). In contrast, in patients with AA
>196.9 lg/mL, the percentage change in HbA1c in the sitaglip-
tin dose-up group (-3.9 – 3.1%) significantly decreased more
than that in the glimepiride dose-up group (0.13 – 2.9%,
P < 0.01; Figure 2b).

DISCUSSION
In the present study, no significant difference in the HbA1c-
lowering effects between 50 mg/day of sitagliptin dose-up and
0.5 mg/day of glimepiride dose-up was found in Japanese
patients with type 2 diabetes controlled inadequately by a com-
bination of sitagliptin and glimepiride. However, it showed that
the dose-up of glimepiride significantly decreased HbA1c in
Japanese patients with type 2 diabetes controlled inadequately
with both sitagliptin and glimepiride, and that, under these
conditions, the percentage change in HbA1c by the addition of
sitagliptin or glimepiride was negatively or positively correlated
significantly with the serum level of AA, respectively.
Sitagliptin is administered as a single 100-mg tablet in non-

Japanese patients16–19. In contrast, the usual dose of sitagliptin
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Figure 1 | Percentage change in glycated hemoglobin (HbA1c) from
baseline with 50 mg/day of sitagliptin dose-up (black bar) and 0.5 mg/
day of glimepiride dose-up (white bar) during follow up. *P < 0.05 vs
baseline.

Table 2 | Comparison of clinical parameters at baseline and at 12 weeks after additional administration of sitagiptin or glimepride

Sitagliptin dose-up (n = 25) Glimepiride dose-up (n = 25) P-value**

Before 12 weeks after P-value* Before 12 weeks after P-value*

HbA1c (%) 7.3 – 0.5 7.3 – 0.7 0.74 7.5 – 0.6 7.3 – 0.7 <0.01 0.74
BMI (kg/m2) 24.9 – 4.1 25.0 – 4.2 0.81 25.3 – 3.7 25.5 – 3.7 0.05 0.69
TC (mg/dL) 185 – 29 195 – 28 0.07 178 – 23 185 – 39 0.48 0.17
LDL-C (mg/dL) 104 – 27 108 – 30 0.49 99 – 18 105 – 31 0.66 0.57
HDL-C (mg/dL) 55 – 15 58 – 18 0.01 47 – 10 49 – 11 0.18 0.05
TG (mg/dL) 133 – 71 142 – 73 0.63 157 – 68 155 – 104 0.27 0.85
Non-HDL-C (mg/dL) 131 – 34 136 – 35 0.24 131 – 22 136 – 36 0.70 0.87
FPG (mg/dL) 142 – 32 144 – 30 0.31 145 – 33 147 – 41 0.70 0.97
F-IRI (lU/mL) 8.0 – 4.6 7.7 – 4.1 0.69 8.3 – 5.0 7.2 – 4.7 0.14 0.46
HMW adiponectin (lg/mL) 7.0 – 3.6 7.5 – 4.3 0.10 7.6 – 3.5 8.1 – 3.4 0.03 0.47

BMI, body mass index; FPG, fasting plasma glucose; F-IRI, fasting immunoreactive insulin; HDL-C, high-density lipoprotein cholesterol; HMW
adiponectin, high molecular weight adiponectin; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride. Mean – standard
deviation values are shown. *P-values for differences between data before and after 12 weeks of treatment. **P-values for differences between the
sitagliptin and glimepiride groups after 12 weeks of treatment.

Table 3 | Correlations of arachidonic acid, eicosapentaenoic acid,
docosahexaenoic acid and eicosapentaenoic acid to arachidonic acid
ratio with the percentage change in glycated hemoglobin determined
by linear regression analysis

r P-value

Sitagliptin dose-up
AA -0.497 0.016
EPA 0.059 0.778
DHA -0.171 0.414
EPA/AA ratio 0.225 0.280

Glimepiride dose-up
AA 0.531 0.008
EPA -0.066 0.756
DHA -0.023 0.912
EPA/AA ratio 0.011 0.959

AA, arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentae-
noic acid.
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in Japan is 50 mg/day in patients with normal to mildly
impaired renal function, because HbA1c, FPG and 2-h post-
prandial plasma glucose do not differ significantly in 50, 100,
and 200 mg/day sitagliptin monotherapy in Japanese patients20.

Furthermore, the present study showed that the addition of
50 mg/day of sitagliptin did not significantly improve HbA1c
levels in the participants treated with 50 mg/day of sitagliptin.
These findings suggest that 50 mg/day of sitagliptin dose-up
might not be effective enough to lower HbA1c in patients with
type 2 diabetes who are controlled inadequately by combination
therapy with sitagliptin and glimepiride.
In the present study, a significant improvement of HDL-C

occurred by the addition of sitagliptin without the decrease in
triglyceride (Table 2). The effect of sitagliptin on HDL-C in sub-
jects with type 2 diabetes is still controversial. Bergenstal et al.21

and Charbonnel et al.22 found that 100 mg/day sitagliptin sig-
nificantly increased HDL-C. However, a significant change in
HDL-C has not been found in Japanese patients receiving
50 mg/day sitagliptin monotherapy for type 2 diabetes23.
Interestingly, AA had a negative correlation with the

decrease in HbA1c in the sitagliptin dose-up group, but a
positive correlation in the glimepiride dose-up group. The
exact reason for these findings is not clear, but one possible
explanation is as follows. AA potentiates insulin secretion in
b-cells24–31, but prostaglandin E2 (PGE2), an AA metabolite,
reduces insulin secretion through the inhibition of cyclic
adenosine monophosphate (cAMP)-accumulation and insulin
sensitivity32–38. Furthermore, Ehses et al.28 reported that GIP
stimulated AA release from clonal b-cells through stimulation
of cAMP signaling. It is possible that an AA level might have
increased after administration of sitagliptin in patients who
are highly responsive to GIP. Therefore, a higher AA level
before dose-up might have resulted in a larger decrease in
HbA1c in the sitagliptin dose-up group, because an increase
in GIP induced by sitagliptin dose-up counteracted the inhibi-
tion of cAMP-accumulation by PGE2. In contrast, Qi et al.39

reported that AA elevated the intracellular Ca2+ concentration
in a dose-dependent manner, and that glimepiride reduced
the intracellular Ca2+ elevation induced by AA in platelets.
That report suggests that insulin secretion induced by glimepi-
ride might be varied by the AA level. Therefore, it is specu-
lated that the inhibitory effect of glimepiride on insulin
secretion potentiated by AA might be lower in patients with
lower AA treated with both sitagliptin and glimepiride. Thus,
glimepiride reduced HbA1c more effectively in patients with
lower AA. Clarification of this mechanism is important for
understanding of the relationship between the decrease of
HbA1c and the serum AA level. This will require further
appropriate clinical and basic studies in vivo and in vitro.
Interestingly, in the range of reference values of AA

(112.7~237.9 lg/mL), the percentage change in HbA1c in the
glimepiride dose-up group (-3.9 – 5.4%) significantly decreased
more than that in the sitagliptin dose-up group (-0.6 – 4.7%;
P < 0.01). Therefore, from the viewpoint of HbA1c reduction,
glimepiride dose-up is more reasonable than sitagliptin dose-up
in most Japanese patients with type 2 diabetes controlled inade-
quately by sitagliptin and glimepiride in combination. However,
when AA level is above the reference range, sitagliptin dose-up is

Arachidonic acid (μU/mL)

0(a)

(b)

15

10

5

0

–5

–10

–15 Sitagliptin dose-up

Sitagliptin dose-up

AA ≤ 196.9 μg/mL AA > 196.9 μg/mL

Glimepiride dose-up

Glimepiride dose-up

r = –0.497, P = 0.016

r = 0.531, P = 0.008

–20

50 100 150 200 250 300

C
ha

ng
e 

in
 H

bA
1c

 fr
om

 b
as

el
in

e 
(%

)

15

10

5

0

–5

–10

–15

–20

C
ha

ng
e 

in
 H

bA
1c

 fr
om

 b
as

el
in

e 
(%

)

P < 0.01

P < 0.05

Figure 2 | (a) Correlations between the percentage changes in
glycated hemoglobin (HbA1c) and serum levels of arachidonic acid
(AA) at baseline with 50 mg/day of sitagliptin dose-up (closed circles,
dotted line) and 0.5 mg/day of glimepiride dose-up (open circles,
solid line). (b) Comparison of the percentage changes in glycated
hemoglobin (HbA1c) with between 50 mg/day of sitagliptin dose-up
(black bars) and 0.5 mg/day of glimepiride dose-up (white bars), when
the patients in each group were divided into two subgroups by
average level of AA.
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more effective than glimepiride dose-up, because decreases in
HbA1c were positively correlated with AA levels in patients
receiving glimepiride dose-up. These findings suggest that the
serum AA level might provide the important information for
selecting sitagliptin or glimepiride dose-up in patients with type 2
diabetes receiving both sitagliptin and glimepiride treatment.
Iwasaki et al.12 found that the reduction of HbA1c by

administration of DPP-4 inhibitors as monotherapy signifi-
cantly correlated with baseline levels of EPA and DHA, but not
with that of AA, by the simple linear regression analysis,
through unknown mechanisms. The background of the patients
in the present study was different from that in the report by
Iwasaki et al., but the associations of alterations in HbA1c level
with serum levels of polyunsaturated fatty acids in both studies
is of interest. Clarification of the relationship between change
of HbA1c and serum levels of AA, EPA, DHA, and EPA/AA
ratio will require multivariate analysis in a large number of
patients in a future study.
In conclusion, there was no significant difference in the

HbA1c-lowering effects between 50 mg/day sitagliptin dose-up
and 0.5 mg/day glimepiride dose-up. However, a significant
HbA1c reduction from baseline was observed in the glimepiride
dose-up group. The serum AA level is associated with HbA1c
reduction in response to dose-up with these drugs in patients
with type 2 diabetes receiving combination therapy with sitag-
liptin and glimepiride.
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