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Abstract
Background: While adding sitagliptin to insulin therapy for Type 
2 Diabetes Mellitus (T2DM) showing poor response to therapy 
with premixed insulin alone, we compared the safety, efficacy and 
treatment satisfaction of continuing treatment with the premixed 
insulin versus switching from the premixed insulin to basal insulin 
therapy.
Methods: The study was an open-label, randomized controlled 
trial conducted at 7 institutions in Japan. The study participants 
were randomly assigned to one of two treatment groups: a group in 
which insulin therapy was continued with twice-daily administration 
of premixed insulins (premixed insulin group) and a group in 
which premixed insulin therapy was switched to basal insulin 
administration (basal insulin group). Sitagliptin 50 mg/day was 
administered to both groups for 16 weeks.
Results: Forty-four patients (including 26 men and 18 women) were

enrolled for this study, and 43 patients were completed (basal insulin 
group: 22 patients; premixed insulin group: 21 patients). At 16 weeks, 
the mean change in the HbA1c level from the 0 week was -0.22 ± 0.88% 
in the basal insulin group and -0.60 ± 0.78% in the premixed insulin 
group (P = 0.143). Also, the change of total Treatment Satisfaction 
evaluated by Diabetes Treatment Satisfaction Questionnaire change 
version (DTSQc) in the basal insulin group was significantly greater 
than that in the premixed insulin group.
Conclusions: Our study revealed that switching from the premixed 
insulin to once-daily basal insulin plus sitagliptin improved the 
change of total treatment satisfaction in T2DM although the 
changes in the HbA1c levels did not differ between the two groups. 
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Introduction
Premixed insulins contain a mixture of long-and short-acting 

insulins in a single preparation and are usually injected twice daily. 
Premixed insulins are the most frequently prescribed treatment in 
Japan for Type 2 Diabetes Mellitus (T2DM) [1]. However, scarce data 
are available to guide the subsequent-step therapeutic strategies for 
T2DM showing inadequate glycemic control with premixed insulins.

Sitagliptin is a novel oral antidiabetic agent that selectively inhibits 
dipeptidyl peptidase-4 (DPP-4), to increase the blood concentrations 
of active glucagon-like peptide-1 (GLP-1) and glucose-dependent 
insulinotropic polypeptide (GIP). Several clinical trials have shown 
the efficacy of sitagliptin, administered either alone or in combination 
with other oral antidiabetic agents, in T2DM, and its association with 
a minimal risk of hypoglycemia [2]. Recently, a few studies have 
examined the effects of adding sitagliptin to insulin therapy [3,4]. 
Vilsboll et al. [3] showed in a 24-week study that the addition of 
sitagliptin to insulin therapy improved the glycemic control in T2DM 
[3]. In this report, similar reductions of the HbA1c were observed 
in patients stratified according to the insulin type (long-acting and 
intermediate-acting insulins or premixed insulins) [3]. Also, it has 
been reported that addition of sitagliptin to multiple daily insulin 
injections therapy in patients with uncontrolled Japanese T2DM 
improved glycemic control without weight gain or an increase in the 
incidence of hypoglycemia [4].

Therefore, the addition of sitagliptin to insulin therapy could 
be a next-step therapeutic strategy for patients showing inadequate 
glycemic control in response to premixed insulins. While considering 
addition of sitagliptin to insulin therapy, either of two approaches 
may be adopted in relation to continuation of the premixed insulin 
therapy: either continuing administration of the premixed insulin 
or switching from premixed to basal insulin therapy. However, 
no randomized trials comparing these two approaches have been 
published. In the present study, while adding sitagliptin to insulin 
therapy for T2DM showing inadequate glycemic control in response 
to therapy with premixed insulins alone, we investigated the safety, 
efficacy, and treatment satisfaction of continuing treatment with the 
premixed insulin versus switching from the premixed insulin to basal 
insulin therapy.

Methods
Design overview

The study was an open-label, randomized controlled trial 
conducted at 7 institutions in Japan. A total of 44 patients with 
inadequately controlled T2DM (HbA1c, 6.9%-10.4%) in response 
to twice-daily administration of premixed insulins (Insulin human 
30/70 (Novolin 30R®; Novo-nordisk, Denmark), Insulin aspart 30/70 
(NovoRapid 30 Mix®; Novo-nordisk, Denmark), Insulin lispro 25/75 
(Humalog® Mix75/25TM; Eli Lilly and Company, United States of 
America), Insulin lispro 50/50 (Humalog® Mix50/50TM; Eli Lilly and 
Company, United States of America)) were randomly assigned at a 
1:1 ratio to one of the two following groups: a group in which the 
premixed insulin administration was switched to once-daily basal 
insulin (insulin glargine (Lantus®; Sanofi-aventis, France) or insulin 
detemir (Levemir®; Novo-nordisk, Denmark)) administration while 
adding sitagliptin at 50 mg/day (basal insulin group) or a group 
in which the twice-daily administration of premixed insulin was 
continued while adding sitagliptin at 50 mg/day (premixed insulin 
group). Both groups were followed up for 16 weeks. The primary 
outcome measure was the difference in the changes of the HbA1c 
level from the baseline to the end of 16 weeks of treatment between 
the two groups.

Setting and participants

Recruitment of the patients for this study between December 
2011 and March 2012 by the physicians at the participant institutions 
was based on the criteria listed below. The inclusion criteria were: 
men or women with T2DM who showed inadequate glycemic control 

(HbA1c, 6.9-10.4%) in response to treatment using twice-daily 
administration of premixed insulins. The following patients were 
excluded: (1) patients with renal insufficiency (serum creatinine > 2.0 
mg/dL), (2) patients with severe liver dysfunction, (3) patients who 
had received two kinds of insulin preparations, (4) patients who were 
judged as being inappropriate candidates for inclusion in the study by 
the physicians in charge.

Randomization and interventions

All the patients were randomized to the basal insulin group or 
the premixed insulin group by the permuted block method using a 
central computer-based randomization, and were followed up for 16 
weeks. Both groups received sitagliptin at the dose of 50 mg/day for 
16 weeks. At 0 week, if the HbA1c was 6.9-8.3%, the daily dose of 
basal insulin was decreased to 80% of the previous dose; if the HbA1c 
level was 8.4-10.4%, the dose of basal insulin was decreased to 90-
100% of the previous insulin dose. During this trial, no changes in the 
administration of either sitagliptin or other oral hypoglycemic agents 
were allowed except sulfonylurea. If the dose of sulfonylurea was 
exceeded of 2 mg of glimepiride or 1.25 mg of glibenclamide at 0 week, 
it was reduced to 2 mg of glimepiride or 1.25 mg of glibenclamide 
during the study. If the dose of sulfonylurea is glimepiride ≤ 2 mg or 
glibenclamide ≤ 1.25 mg at 0 week, it was not changed. To achieve the 
target fasting blood glucose level of 110-130 mg/dl or postprandial 
blood glucose level of 140-180 mg/dl, the insulin doses were adjusted 
by 0-4 U at every clinic visit by the physicians, based on the data 
obtained from self-monitoring blood glucose or measurements 
carried out in blood samples by each physician. Diet and exercise 
therapy during the study was controlled by each physician.

Outcomes and follow-up

The primary outcome measure was the change of the HbA1c 
level from the baseline to the end of 16 weeks of treatment between 
the two groups. The key secondary outcomes were the body weight, 
insulin dose, clinic blood pressure (CBP), lipid profile, side effects, 
and patient-reported outcomes. At 0 and 16 weeks after patient 
randomization, each patient’s body weight and CBP were measured 
and blood samples were collected to measure the blood levels of total 
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), 
triglyceride (TG) and HbA1c; then, the value of serum low-density 
lipoprotein cholesterol (LDL-C) was calculated using the following 
equation: LDL-C = TC- (TG/5 + HDL-C). Monitoring for adverse 
effects such as hypoglycemia was carried out during this trial. 
Hypoglycemia was defined as a blood glucose < 70 mg/dl or the 
presence of symptoms of hypoglycemia. Severe hypoglycemia was 
defined as hypoglycemia with coma.

Patient-reported outcomes were measured using two validated, 
self-administered questionnaires, the diabetes treatment satisfaction 
questionnaire status version (DTSQs) and diabetes treatment 
satisfaction questionnaire change version (DTSQc) [5], at 5 
institutions. The remaining institutions were not included in the 
patient-reported outcome sub-study, because of non-availability 
of consent for the survey by the physicians. The DTSQs contain 8 
items, responses for which are scored on 7-point scale, from +6 to 
0. The questions pertain to the satisfaction level of the patients are 
at the given time-point. It must be noted here that ceiling effects are 
often seen with satisfaction measures, where maximum or close-
to-maximum scores at the baseline provide little opportunity for 
registering any improvement in the level of satisfaction with the 
treatment or strategy. The DTSQc was designed to overcome such 
ceiling effects. This instrument contains the same eight items as the 
DTSQs, however, the questions in this instrument are related to how 
much the satisfaction level of the patients has changed since before 
the trial began. The individual questions on the DTSQc were scored 
on 7-point scales from +3 to -3. Six of the eight items in both the 
DTSQs and the DTSQc were: Current treatment, Convenience, 
Flexibility, Understanding, likelihood of recommending their present 
treatment (Recommend), and ‘satisfaction to continue with their 
present treatment (Continue)’. The scores for these six items were 



• Page 3 of 7 •ISSN: 2377-3634Ono et al. Int J Diabetes Clin Res 2015, 2:5

summed as the ‘Overall’ treatment satisfaction score in the range 
of +36 to 0 in the DTSQs or +18 to -18 in the DTSQc, with higher 
scores denoting greater treatment satisfaction or increased treatment 
satisfaction. ‘Perceived frequency of hyperglycemia (Hyperglycemia)’ 
and ‘Perceived frequency of hypoglycemia (Hypoglycemia)’ were 
included as one item each in the DTSQs and the DTSQc. The scores 
for perceived frequency of hyperglycemia and hypoglycemia were 
rated on a scale of +6 (‘most of the time’) to 0 (‘never to time’) in the 
DTSQs or of +3 (‘much more of the time now’) to -3 (‘much less of the 
time now’) in the DTSQc. The DTSQs and DTSQc were administered 
at 16 weeks, such that the DTSQs measured satisfaction with 
treatment in the previous few weeks, while the DTSQc measured how 
satisfaction with treatment had changed compared with satisfaction 
with treatment used before the study began, i.e. before the addition of 
sitagliptin and, in one group, a change of insulin.

Statistical analysis

The baseline characteristics are descriptively summarized 
using means and standard deviations for continuous variables and 
frequencies for categorical variables. Continuous variables were 
compared using the unpaired t-test or Mann-Whitney U test, and 
categorical variables using the chi-square test or Fisher’s exact test. 

The unpaired t-test was used to examine the outcome measures, that 
is, the difference in the mean change from the baseline to the end 
of 16 weeks of treatment between the two groups. The changes from 
the baseline to the end of 16 weeks of treatment in each group were 
analyzed using a paired t-test. Statistical significance was set at two-
tailed values of p < 0.05. All analyses were performed using the SPSS 
version 20.0 (SPSS, Inc., Chicago, IL).

Results
Forty-four patients (including 26 men and 18 women) with 

T2DM who showed inadequate glycemic control (HbA1c, 6.9-10.4%) 
in response to twice-daily premixed insulin therapy were enrolled for 
this study. Every patient who met the inclusion criteria prior to this 
trial was randomly assigned to the basal insulin group or the premixed 
insulin group. Of these 44 patients, the trial could be completed in 
43 patients (basal insulin group: 22 patients; premixed insulin group: 
21 patients). One patient from the basal insulin group was excluded 
from the analysis because she was lost-to-follow-up. The final follow-
up rate was 97.7% (Figure 1).

Table 1 shows the baseline characteristics of the 43 patients in 
whom this trial could be completed. No statistically significant 

Screened (n = 44)

Excluded (n = 0)

Randomized (n = 44) 

Completed
(n = 21)

Completed
(n = 22)

Premixed insulin group
(n  = 21)

Discontinued
(n = 0)

Lost to follow-up 

(n = 1)

Basal  insulin group
(n = 23)

Figure1: Flow-chart of the study participants through the trial. Of the 44 patients who were enrolled, the trial could be completed in 43 (basal insulin group: 22 
patients; premixed insulin group: 21 patients). One patient from the basal insulin group was excluded because she was lost to follow-up.

Table 1: Baseline characteristics of the subjects in whom this trial was completed.

Basal insulin group (n = 22) Premixed insulin group (n = 21) P value

Age (years) 67.6 ± 8.7 72.8 ± 10.5 0.088
Sex (male/female) 14 / 8 12 / 9 0.663
Body weight (kg) 60.4 ± 12.1 56.7 ± 9.8 0.287
Duration of diabetes (years) 16.6 ± 8.6 21.8 ± 8.8 0.058
Body mass index (kg/m2) 23.2 ± 3.6 23.3 ± 3.0 0.959
HbA1c (%) 7.87 ± 0.99 7.96 ± 1.17 0.778
Insulin dose (U/day) 24.8 ± 11.1 24.8 ± 8.8 0.974
Insulin dose (U/kg/day) 0.41 ± 0.16 0.44 ± 0.16 0.455
Systolic clinic blood pressure (mmHg) 134.2 ± 16.1 135.7 ± 20.1 0.801
Diastolic clinic blood pressure (mmHg) 75.0 ± 10.3 71.1 ± 11.3 0.254
Total cholesterol (mg/dL) 190.0 ± 49.9 188.0 ± 43.5 0.887
Triglyceride (mg/dL) 135.5 ± 84.7 124.5 ± 69.7 0.645
High-density lipoprotein cholesterol (mg/dL) 59.4 ± 21.3 55.3 ± 12.3 0.449
Low-density lipoprotein cholesterol (mg/dL) 103.5 ± 41.1 107.7 ± 33.9 0.715

Values are expressed as means ± S.D.
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differences in the baseline characteristics including diabetic 
complication were observed between the two groups (Supplemental 
table S1). The kind of the premix insulins used at baseline were insulin 
aspart 30/70 (NovoRapid 30 Mix®; Novo-nordisk, Denmark), insulin 
human 30/70 (Novolin 30R®; Novo-nordisk, Denmark), insulin lispro 
25/75 (Humalog® Mix75/25TM; Eli Lilly and Company, United States 
of America) and insulin lispro 50/50 (Humalog® Mix50/50TM; Eli 
Lilly and Company, United States of America) (Supplemental table 
S2). Information on concomitant medications of oral hypoglycemic 
agents, anti-hypertensive agents and anti-dyslipidemic agents were 
shown in Supplemental tables S3-S5. Table 2 shows the clinical 
parameters at 0 week and 16 weeks in the study groups. Table 3 
shows the differences in the changes of the parameters from 0 week 
to the end of 16 weeks of treatment between two groups. In the basal 
insulin group, the dose of insulin was reduced from 24.8 ± 11.1 U/
day to 19.6 ± 9.8 U/day (79.0%) at 0 week according to the protocol 
for changing premixed insulin to basal insulin. Therefore, the mean 
change of the insulin dose at 0 week in the basal insulin vs. premixed 
insulin group was -5.2 ± 3.4 U/day vs. -1.2 ± 2.1 U/day, respectively 
(P < 0.001), and the change of the insulin dose from 0-16 weeks was 
-0.09 ± 2.88 U/day vs. -0.38 ± 2.48 U day, respectively (Table 3). Thus, 
the dose of insulin remained essentially unchanged during the trial 

in both groups. The mean HbA1c level in the basal insulin group did 
not improve for 16 weeks. On the other hand, in the premixed insulin 
group, the HbA1c level significantly improved for 16 weeks (Figure 
2). The changes in the HbA1c level from the baseline in the basal 
insulin group vs. premixed insulin group were -0.22 ± 0.88% vs. -0.60 
± 0.78% after 16 weeks (P = 0.143) of treatment.

The mean body weight was significantly reduced for 16 weeks 
in the basal insulin group, but not in the premixed insulin group. 
The mean change in the body weight from 0 week to the end of 16 
weeks of treatment was -0.68 ± 1.03 kg in the basal insulin group 
and. +0.38 ± 1.72 kg in the premixed insulin group (P = 0.019). The 
mean diastolic CBP was significantly decreased for 16 weeks both in 
the basal insulin group and the premixed insulin group. The mean 
change in the diastolic CBP from 0 week to 16 weeks was -5.67 ± 
8.84 mmHg in the basal insulin group and -5.40 ± 8.76 mmHg in the 
premixed insulin group (P = 0.923). However, no significant changes 
of the systolic CBP or the serum levels of TC, TG, HDL-C and LDL-C 
were observed in either group.

Hypoglycemia events were observed during the period from 0 
week to the end of 16 weeks of treatment in 2 patients (9.1%) from 
the basal insulin group and 2 patients (9.5%) from the premixed 

Table 2: Time courses of changes in the clinical parameters in the basal insulin group (A) and in the premixed insulin group (B).

0 w

(n = 22)

16 w

(n = 22)
P value

Body weight (kg) 60.4 ± 12.1 59.7 ± 12.1 0.006
Body mass index (kg/m2) 23.2 ± 3.6 22.9 ± 3.7 0.005

HbA1c (%) 7.87 ± 0.99 7.65 ± 0.76 0.246
Insulin dose (U/day) 19.6 ± 9.8 19.5 ± 10.7 0.884

Systolic clinic blood pressure (mmHg) 134.2 ± 16.1 127.3± 13.2 0.157
Diastolic clinic blood pressure (mmHg) 75.0 ± 10.3 69.4 ± 10.4 0.008

Total cholesterol (mg/dL) 190.0 ± 49.9 178.6 ± 36.4 0.065
Triglyceride (mg/dL) 135.5 ± 84.7 144.0 ± 106.2 0.530

High-density lipoprotein cholesterol (mg/dL) 59.4 ± 21.3 55.0 ± 14.6 0.060
Low-density lipoprotein cholesterol (mg/dL) 103.5 ± 41.1 94.8 ± 32.9 0.098

Values are expressed as means ± S.D.

(A)

(B)
0 w

(n = 21)

16 w

(n = 21)
P value

Body weight (kg) 56.7 ± 9.8 57.1 ± 9.8 0.329
Body mass index (kg/m2) 23.3 ± 3.0 23.4 ± 2.9 0.288

HbA1c (%) 7.96 ± 1.17 7.36 ± 1.35 0.002
Insulin dose (U/day) 23.5 ± 9.0 23.1 ± 8.3 0.490

Systolic clinic blood pressure (mmHg) 135.7 ± 20.1 130.2 ± 14.9 0.260
Diastolic clinic blood pressure (mmHg) 71.1 ± 11.3 65.7± 10.8 0.013

Total cholesterol (mg/dL) 188.0 ± 43.5 174.0 ± 35.8 0.082
Triglyceride (mg/dL) 124.5 ± 69.7 117.8 ± 46.9 0.563

High-density lipoprotein cholesterol (mg/dL) 55.3 ± 12.3 52.6 ± 12.3 0.053
Low-density lipoprotein cholesterol (mg/dL) 107.7 ± 33.9 97.9 ± 25.4 0.155

Values are expressed as means ± S.D.

Table 3: Comparison of the changes in clinical parameters from 0-16 weeks between the two groups.

Basal insulin group

(n = 22)
Premixed insulin group (n = 21) P value

Body weight (kg) -0.68 ± 1.03 +0.38 ± 1.72 0.019
Body mass index (kg/m2) -0.26 ± 0.39 +0.16 ± 0.69 0.016

HbA1c (%) -0.22 ± 0.88 -0.60 ± 0.78 0.143
Insulin dose (U/day) -0.09 ± 2.88 -0.38 ± 2.48 0.726

Systolic clinic blood pressure (mmHg) -6.47 ± 20.19 -5.45 ± 20.98 0.874
Diastolic clinic blood pressure (mmHg) -5.67 ± 8.84 -5.40 ± 8.76 0.923

Total cholesterol (mg/dL) -11.41 ±27.46 -13.90 ± 34.73 0.795
Triglyceride (mg/dL) +8.45 ± 62.10 -6.67 ± 51.95 0.393

High-density lipoprotein cholesterol (mg/dL) -4.36 ± 10.28 -2.76 ± 6.16 0.541
Low-density lipoprotein cholesterol (mg/dL) -8.74 ± 23.65 -9.81 ± 30.38 0.898

Values are expressed as means ± S.D.

http://clinmedjournals.org/articles/ijdcr/ijdcr-2-044-supplementary-file.docx
http://clinmedjournals.org/articles/ijdcr/ijdcr-2-044-supplementary-file.docx
http://clinmedjournals.org/articles/ijdcr/ijdcr-2-044-supplementary-file.docx
http://clinmedjournals.org/articles/ijdcr/ijdcr-2-044-supplementary-file.docx
http://clinmedjournals.org/articles/ijdcr/ijdcr-2-044-supplementary-file.docx
http://clinmedjournals.org/articles/ijdcr/ijdcr-2-044-supplementary-file.docx
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insulin group. Also, itching was observed in one patient from the 
premixed insulin group. No cases of severe hypoglycemia, rash or 
gastrointestinal symptoms were encountered in either group during 
the period of this trial.

Patient-reported outcome measures were assessed in a total of 33 
patients (including 17 patients of the basal insulin group and 16 patients 
in the premixed insulin group) from 5 institutions. The ‘Overall’ 
Satisfaction score for the DTSQs at post-trial was 25.88 ± 8.71 in the 
basal insulin group and 22.13 ± 4.54 in the premixed insulin group, 
with no statistically significant difference between the two groups. 
In regard to the four items of ‘Current treatment’, ‘Understanding’, 
‘Recommend’ and ‘Continue’ in the DTSQs survey conducted at the 
end of the treatment, there were no statistically significant differences 
in the scores between the two groups, although these scores tended 
to be higher in the basal insulin group than those in the premixed 
insulin group. The scores for the two items of ‘Convenience’ and 
‘Flexibility’ were significantly higher in the basal insulin group than 
those in the premixed insulin group (Table 4A). On the other hand, 
the DTSQc, which measured the change in satisfaction from baseline 
in a single score, confirmed that the ‘Overall’ score of treatment 
satisfaction was significantly higher in the basal insulin group (mean 
score 10.53 ± 6.73) than that in the premixed insulin group (mean 
score 4.13 ± 4.64, P = 0.004), and that the proportion of ‘satisfied’ 
patients (defined as an ‘Overall’ satisfaction score of > 6) was 81.3% in 
the basal insulin group and 33.3% in the premixed insulin group (P = 
0.007). Individual results for the six Satisfaction items of the DTSQc 
showed significantly greater improvements in all items with the basal 
insulin group than with the premixed insulin group, except the scores 
for the items of ‘Current treatment’ and ‘Understanding,’ which were 
indistinguishable between the basal insulin group and the premixed 
insulin group (Table 4B). No statistically significant differences in 
the frequencies of hypoglycemia and hyperglycemia were observed 
between the two groups as judged from the DTSQs and DTSQc 
surveys conducted at the end of the treatment.

Discussion
Since twice-daily premixed insulin therapy is insufficient to 

maintain adequate glycemic control in many T2DM [6], it is important 
to establish the next-step therapeutic strategy for patients showing 
inadequate glycemic control in response to premixed insulin therapy. 

In this study, while adding sitagliptin to insulin therapy for T2DM 
showing poor response to therapy with premixed insulins alone, we 
compared the safety and efficacy of continuing the premixed insulin 
administration versus switching from premixed to basal insulin 
therapy, in an attempt to evaluate which method might be preferable 
for such patients. Thus, this trial was designed to imitate one of the 
most frequently encountered clinical situations by physicians in daily 
practice.

The results of this study showed that there was no significant 
difference in the mean change of the HbA1c level from 0 week to 
the end of 16 weeks of treatment between the basal insulin group 
and the premixed insulin group. Also, there were no significant 
differences in the mean changes of the HbA1c level from 0 week to 
4, 8, and 12 weeks of treatment between the two groups. However, 
significant improvement of the HbA1c level was observed after 
16 weeks of treatment in the premixed insulin group, while only a 
tendency towards improvement during this period was observed in 
the basal insulin group. Vilsboll et al. [3] reported that the addition 
of sitagliptin 100 mg significantly reduced the HbA1c by 0.6% at the 
end of 24 weeks treatment as compared to administration of placebo 
(0.0%), regardless of the insulin treatment protocol [3]. Our results 
in respect of the efficacy of addition of sitagliptin were basically 
consistent with this report, even though there were differences in the 
baseline characteristics and dose of sitagliptin between this report 
and our study.

In previous reports, Hammer, et al. [7] have shown that, in T2DM 
inadequately controlled with premixed insulin, switching therapy 
to basal insulin plus oral antidiabetic drugs resulted in a significant 
decrease of the HbA1c level by approximately 1% [7]. Shigihara et al. 
[8] also reported that switching from twice-daily premixed insulin 
administration to once-daily basal insulin therapy supported by oral 
agents, such as sulfonylureas, significantly improved the HbA1c level 
from 8.3% to 7.7% after 24 weeks of treatment in Japanese type 2 
diabetic patients [8].

The problem in this study is that the addition of sitagliptin 
produced no significant decrease of the HbA1c levels in the basal 
insulin group. One possible reason may pertain to the study design, 
in that the insulin dose was decreased by up to 20% at 0 week in the 
basal insulin group; at 0 week, the dose of insulin was reduced from 

%

9

8.5

8

7.5

7

6.5

%

0 week 4 week 8 week 16 week
Figure 2: Changes of the HbA1c levels from 0 to 16 weeks in the basal insulin group and premixed insulin group. Values are expressed as means ± S.D. 
Basal insulin group: diamonds; premixed insulin group: squares.
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24.8 ± 11.1 U/day to 19.6 ± 9.8 U/day (79.0%) in the basal insulin 
group, and thereafter the dose remained essentially unchanged 
until after 16 weeks. In Shigihara’s study, the dose of insulin was 
decreased to 70% of the previous insulin dose while switching from 
twice-daily premixed insulin therapy to basal insulin therapy [8]. 
Notwithstanding, the HbA1c level decreased significantly in this 
group. Since sitagliptin, unlike sulfonylurea, substantially reduces the 
postprandial blood glucose excursions [9], we suggest that decrease 
of the insulin dose could lead to an inadequate dose of basal insulin, 
resulting in the absence of any significant decrease of the HbA1c 
level in the basal insulin group despite the addition of sitagliptin. 
Yang et al. [10] suggest that better glucose control with a good safety 
and tolerability profile could be achieved with a daily dose of insulin 
glargine optimized to about 0.4 U/kg body weight in Chinese patients 
showing unsatisfactory glycemic control in response to premixed 
insulin therapy [10]. According to a large-scale investigation in 
Japan, the HbA1c and mean insulin dose in patients with type 2 
diabetes treated by diabetes specialists prescribing insulin plus oral 
antidiabetic agents were 7.7% and 29.5 U, respectively [1]. In our 
study, the insulin dose for the basal insulin group was 24.8 U (0.41 
U/kg) prior to the start of the study, therefore, there might have 
been no need to decrease the dose of insulin when switching from 
premixed insulin to basal insulin. Thus, further trials with the study 
design focused on the degree of dose reduction are needed for correct 
evaluations in the basal insulin group.

Interestingly, at the end of 16 weeks of treatment, the mean 
changes in the body weight from the 0 week value in the basal insulin 
group were significantly decreased as compared with those in the 
premixed insulin group (Table 3). Since the body weight of the subjects 
was stable even after the addition of sitagliptin [11], we suggest that 
the decrease of the insulin doses in the basal insulin group may 
have had an influence on these body weight changes. Additionally, 
there was no difference in the frequency of hypoglycemia or severe 
hypoglycemia between the two groups. In regard to this point also, 
further studies with the study design focused on the degree of dose 
reduction that would be associated with an increase in the frequency 
of hypoglycemia in the basal insulin group are needed.

In this study, the diastolic CBP decreased significantly after 16 
weeks of treatment in both groups. We suggest that this reduction 
of the diastolic CBP reduction was attributable, at least in part, to 
the addition of sitagliptin. Sitagliptin is reportedly associated with 
small, but significant reductions of the 24-hour ambulatory systolic 
and diastolic blood pressure as compared to placebo in hypertensive 
patients without diabetes [12]. Body weight loss seems to be closely 
involved in the mechanism underlying this antihypertensive effect 
[13]. In our study, however, there was no change of the body weight 
from the baseline in the premixed insulin group despite the CBP 
reduction, implying that the antihypertensive effect of sitagliptin 
was not related to the body weight loss. Kubota et al. [14] reported 
the pleiotropic effects of sitagliptin in a retrospective observational 
study of 940 Japanese type 2 diabetic patients [14]. In this study, as 
compared with that at the start of treatment, significant decrease of 
the blood pressure was seen at the end of 12 weeks of treatment. The 
decrease of the CBP in patients receiving sitagliptin may be related to 
the sodium-diuretic action of the drug [14].

The results of the DTSQc evaluation showed that the patient 
satisfaction level with the treatment was significantly improved 
in the basal insulin group as compared with that in the premixed 
insulin group. Yang et al. [10] reported significantly improved 
patient satisfaction following a treatment switch from premixed 
insulin therapy to once-daily insulin glargine therapy [10]. A 
number of factors may contribute to the better satisfaction level of 
the patients with basal insulin: for example, the once-daily dosing 
of basal insulin offers improved convenience as compared to the 
twice-daily dosing required in premixed insulin therapy, and the 
improved flexibility of basal insulin in that the daily dosing can be 
administered independently of the time of day or meals, as long as 
it is administered approximately every 24 h. Data derived from a 
quality of life questionnaire survey have emphasized the important 
contribution of dietary freedom to the overall quality of life [15]. In 
addition, with the satisfaction associated with the weight loss in the 
basal insulin group, the patients’ treatment adherence may improve. 
Thus, these patient reported outcome data may make an important 
contribution to clinical decisions [16].

The present study had several limitations, such as the relatively 
small number of participants and the limited follow-up period. Also, 
in regard to hypoglycemia, missing asymptomatic hypoglycemia 
might exist. More importantly, the decrease in the dose of basal 
insulin at 0 week may have contributed to the insufficient glycemic 
control in the basal insulin group despite the addition of sitagliptin. 
Nevertheless, these findings may reflect the effects of addition of 
sitagliptin to insulin therapy in actual clinical practice. As regards 
the results of the DTSQ, DTSQ was obtained only in a subgroup 
of the study. When we compared the baseline characteristics of the 
subjects performed DTSQ (Supplemental tables S6-S8), the basal 
insulin group showed younger age and shorter duration of the disease 
compared with the premixed insulin group, which might contribute 
to better outcome of the basal insulin group.

In conclusion, switching from the premixed insulin to once-daily 
basal insulin plus sitagliptin improved the change of total treatment 
satisfaction in patients with T2DM although the changes in the 
HbA1c levels did not differ between the two groups.
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Table 4: The scores of the individual DTSQs (A) and DTSQc (B) at post-trial.

(A)
Basal insulin 

group

(n = 17)

Premixed insulin 
group

 (n = 16)
P value

1. Current treatment 4.31 ± 1.45 3.81 ± 0.98 0.2618
2. Hyperglycemia 2.69 ± 1.74 2.31 ± 1.49 0.5180
3. Hypoglycemia 1.75 ± 1.34 2.38 ± 1.26 0.1842
4. Convenience 4.44 ± 1.46 3.56 ± 0.63 0.0354
5. Flexibility 4.44 ± 1.50 3.56 ± 0.81 0.0496
6. Understanding 4.31 ± 1.74 3.56 ± 0.89 0.1355
7. Recommend 4.13 ± 1.67 3.81 ± 1.05 0.5305
8. Continue 4.25 ± 1.34 3.81 ± 0.98 0.3008
9. Overalla 25.88 ± 8.71 22.13 ± 4.54 0.1372

Values are expressed as means ± S.D. aCombined score of 1, 4, 5, 6, 7, and 8.

(B)
Basal insulin 

group

(n = 17)

Premixed insulin 
group

 (n = 16)
P value

1. Current treatment 1.59 ± 1.37 1.19 ± 1.11 0.3650
2. Hyperglycemia -0.71 ± 1.45 -1.06 ± 1.06 0.4284
3. Hypoglycemia -0.88 ± 1.41 -0.50 ± 1.10 0.3929
4. Convenience 2.00 ± 1.00 0.81 ± 0.91 0.0012
5. Flexibility 1.71 ± 1.26 0.60 ± 0.74 0.0058
6. Understanding 1.53 ± 1.28 0.75 ± 0.93 0.0556
7. Recommend 1.76 ± 1.30 0.56 ± 0.81 0.0035
8. Continue 1.94 ± 1.25 0.69 ± 0.95 0.0029
9. Overalla 10.53 ± 6.73 4.13 ± 4.64 0.0043

Values are expressed as means ± S.D. aCombined score of 1, 4, 5, 6, 7, and 8.
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