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ABSTRACT

Aims/Introduction: A method of estimating HbA1c attained after initiation of basal supported oral therapy (BOT) has not been
reported previously. The aim of the present study was to determine which characteristics of patients could influence the effectiveness
of BOT introduction, and to obtain an equation to estimate HbA1c after BOT initiation.
Materials and Methods: Sixty consecutive insulin-naive type 2 diabetic patients with poor glycemic control (HbA1c ‡7.5%) started
once-daily injections of insulin glargine. Simple correlations were calculated between parameters such as HbA1c at baseline, HbA1c
at week 24, reduction rate of HbA1c over 24 weeks (calculated as: [HbA1c level at baseline – HbA1c level at week 24]/HbA1c level at
baseline), duration of diabetes, and the number of classes of coadministered oral antidiabetic drugs. Using multiple linear regression
models, the independent effects of these parameters on HbA1c at week 24 were evaluated separately.
Results: Multiple linear regression analysis revealed that duration of diabetes (b = 0.561; P < 0.001) and HbA1c at baseline
(b = 0.284; P = 0.006) were significant predictors of HbA1c at week 24. The best fitting multiple regression equation was: HbA1c at
week 24 = 0.078 · duration of diabetes + 0.218 · HbA1c at baseline + 4.628 (r2 = 0.437).
Conclusions: The equation based on the multiple linear regression models indicates necessary conditions for type 2 diabetic
patients to achieve target HbA1c. The present findings emphasize the principle that early initiation of BOT in type 2 diabetes
effectively achieves good glycemic control. (J Diabetes Invest, doi: 10.1111/j.2040-1124.2011.00164.x, 2012)
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INTRODUCTION
Since long-acting insulin analogs such as insulin glargine and
insulin detemir1,2, as well as easy-to-use injection devices3,
have been introduced, a variety of insulin treatment regimens
have become available4, including basal supported oral therapy
(BOT), which is combination treatment with oral antidiabetic
drugs (OADs) and once-daily injection of a long-acting insu-
lin analog. In addition to a substantial blood glucose-lowering
action by insulin, BOT removes time-of-day constraints for
insulin injection. It is also advantageous in that it facilitates
the preparation of patients for insulin injections compared
with intensive insulin therapy or multiple injections of pre-
mixed insulin formulas. In the consensus algorithm of the
American Diabetes Association (ADA) and the European
Association for the Study of Diabetes, BOT is recommended
as the first choice for insulin therapy initiation5,6. There have
been many reports regarding the efficacy of BOT introduction

for type 2 diabetic patients insufficiently controlled by
OADs7–9. Several international trials have proved that HbA1c
levels <7.0% are the most widely accepted target for glycemic
control to prevent the complications of diabetes10–12. In the
ADA treatment guidelines, lowering HbA1c <7.0% is also rec-
ommended to reduce microvascular and neuropathic compli-
cations of diabetes13.

Following the introduction of BOT, some patients reach
HbA1c levels <7.0%. However, it remains to be determined
which patient characteristics need to be checked to improve
glycemic control as efficiently as possible with BOT. There-
fore, the aim of the present study was to determine which
patient characteristics influenced the effectiveness of BOT.
There are few reports regarding estimates of achievable
HbA1c levels following initiation of BOT. In the present
study, we also aimed to obtain an equation to estimate
HbA1c levels after BOT initiation. Patients with type 2 diabe-
tes who started their first insulin therapy with BOT were
reviewed with regard to several aspects, such as the number
of coadministered OAD classes, the duration of diabetes, insu-
lin dose, body mass index (BMI), and changes in HbA1c
levels.
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MATERIALS AND METHODS
Patients
The subjects of the present study were 60 consecutive insulin-
naive type 2 diabetic patients who attended Tenri Hospital
between 1 May 2005 and 30 April 2010 and who started once-
daily injections of insulin glargine at bedtime or before break-
fast. Insulin glargine was introduced to patients with poor
glycemic control (i.e. HbA1c in the range 7.5–14.5%), on a diet
with or without OADs and who provided informed consent to
the therapy. They had taken up to three kinds of OADs (sulfo-
nylureas, metformin, a-glucosidase inhibitors, pioglitazone, and
phenylalanine derivatives). The doses of OADs had not been
changed for at least 1 month before the introduction of insulin.
It was recommended that diet and physical activity remain sta-
ble during the study period. No other instructions or lifestyle
advice were given. Exclusion criteria were previous or current
treatments with insulin, clinically significant renal or hepatic
disease, severe anemia, and current or clinical history of major
psychiatric illness. The patients were divided into four groups
according to the number of OADs used concomitantly at the
time of BOT initiation: (i) no OAD (Group 0); (ii) one kind
of OAD (Group 1); (iii) two kinds of OADs (Group 2); and
(iv) three kinds of OADs (Group 3). Reductions in the number
of classes and the dose of coadministered OADs were permit-
ted when hypoglycemic episodes were suspected or reported
for patients.

Insulin Glargine Titration
The starting dose of insulin glargine (Lantus; Sanofi-Aventis,
Paris, France) was set at 4–10 IU. Patients were asked to per-
form at least one measurement of capillary blood glucose before
breakfast every day. The fasting blood glucose (FBG) target was
80–110 mg/dL (4.4–6.1 mmol/L). Using the glucose readings,
patients were suggested to change insulin doses at every visit
and followed continuously over 24 weeks.

Outcome Measures
HbA1c levels, insulin glargine doses, body weight, and BMI
were evaluated at baseline and at 12 and 24 weeks after insulin
administration. The changes in HbA1c levels, body weight, and
insulin dose were compared among the four groups. In the pres-
ent study, according to the definition of the Japan Diabetes Soci-
ety (JDS)14, the value for HbA1c (%) was estimated as an NGSP
equivalent value (%) calculated using the formula HbA1c
(NGSP) (%) = HbA1c (JDS) (%) + 0.4%.

Statistical Analysis
Data in the text and tables are given as the mean ± SD. Simple
correlations were calculated between parameters such as HbA1c
level at baseline, HbA1c level at 24 weeks of treatment, reduc-
tion rate of HbA1c level over 24 weeks, duration of diabetes,
and the number of classes of coadministered OADs. The reduc-
tion rate of HbA1c levels was calculated as: (HbA1c level at
baseline – HbA1c level at week 24)/HbA1c level at baseline.

Relationships between two variables (i.e. HbA1c level at baseline,
HbA1c level at week 24, reduction rate of HbA1c level over
24 weeks, or duration of diabetes) were examined by two-tailed
Pearson’s correlation. The relationship between the number of
classes of coadministered OADs and other variables (i.e. HbA1c
level at baseline, HbA1c level at 24 weeks of treatment, reduc-
tion rate of HbA1c level over 24 weeks, and duration of diabe-
tes) was examined by two-tailed Spearman’s correlation.

Using a multiple linear regression model, the independent
effects of these parameters on HbA1c level at week 24 were eval-
uated separately. Data were analyzed by analysis of variance
followed by the Bonferroni–Dunn multiple comparison test.
The Mann–Whitney U-test was used to compare parameters
between men and women. In addition, the Mann–Whitney
U-test was used to compare parameters between the group for
whom OADs were decreased and the group without such a
decrease, as well as between the group for whom doses of sulfo-
nylureas were decreased and the group without such a decrease.
The Chi-squared test of association was used to compare pro-
portions across groups. Analyses were performed using SPSS
version 15.0 (SPSS, Chicago, IL, USA). P < 0.05 was considered
significant.

RESULTS
At BOT initiation, 10 patients had used no type of OAD, 19
patients had used one kind of OAD, 20 patients had used two
kinds of OADs, and 11 patients had used three kinds of OADs,
which formed the basis for the four separate groups for compar-
isons. Concomitantly used OADs at BOT initiation are given in
Table 1. Most of the patients were administered sulfonylureas.
Coadministered OADs such as a-glucosidase inhibitors, pioglit-
azone, and phenylalanine derivatives had been taken for more
than 3 months before insulin initiation. Forty-seven patients ini-
tiated insulin therapy after being administered sulfonylureas,
metformin, a-glucosidase inhibitors, pioglitazone, and phenyl-
alaine derivatives for more than 3 months. Only one of 17
patients coadministered metformin and two of 49 patients

Table 1 | Concomitantly used oral antidiabetic drugs at initiation of
basal supported oral therapy

Concomitant OAD n

SU 18
Glinide 1
SU + Met 9
SU + aGI 7
SU + TZD 4
SU + Met + aGI 7
SU + Met + TZD 1
SU + TZD + aGI 3

SU, sulfonylureas; Met, metformin; TZD, thiazolidinedione; aGI,
a-glucosidase inhibitors; Glinide, phenylalanine derivatives; OAD, oral
antidiabetic drug.

ª 2011 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd Journal of Diabetes Investigation Volume 3 Issue 2 April 2012 165

Predictors of HbA1c by BOT initiation



coadministered sulfonylureas had taken the OAD for 1 month
before insulin initiation. Baseline clinical characteristics are sum-
marized in Table 2. There were no significant differences
between men and women in terms of HbA1c level at baseline,
duration of diabetes, and BMI, or in changes in insulin dose,
body weight, and HbA1c level (data not shown). At week 24,
the number of classes of OADs was decreased in nine patients.
Doses of sulfonylureas were reduced in 16 patients. There were
no significant differences in changes in HbA1c (P = 0.65) or
HbA1c at week 24 (P = 0.77) between the group for whom
OADs were decreased and the group without such a decrease.
There were also no significant differences in changes in HbA1c
(P = 0.20) and HbA1c at week 24 (P = 0.85) between the group
for whom doses of sulfonylureas were decreased and the group
without such a reduction.

Comparisons Among the Four Groups
There were no significant differences in HbA1c level at baseline
among the four groups. Changes from baseline are summarized
in Table 3. The average HbA1c level of 60 patients decreased
from 9.7 ± 1.4% to 7.7 ± 1.1% over the 24-week treatment per-
iod following the start of insulin therapy. The proportion of
patients who achieved an HbA1c level <7.0% at 24 weeks in
Groups 0, 1, 2, and 3 was 60, 47, 15, and 0%, respectively. The
more coadministered OADs patients had taken, the lower the

reduction rate of HbA1c level obtained (P = 0.001). There were
significant differences in the duration of diabetes among the
four groups (P < 0.001). Multiple comparison tests showed
significant differences among the four groups, except between
Groups 2 and 3 (P = 0.491). There were no significant differ-
ences in HbA1c levels at baseline (P = 0.580) among the four
groups, but there were significant differences in HbA1c level at
24 weeks (P = 0.015). There were no significant differences in
either insulin dose at the start of BOT (P = 0.054) or during
treatment (P = 0.084) among the four groups. BMI was signifi-
cantly higher in Group 3 than in the other groups at the start of
BOT (P = 0.018). However, in terms of changes in body weight,
there were no significant differences between the four groups
(P = 0.234).

Correlations Among Variables
The number of classes of coadministered OADs was positively
correlated with the duration of diabetes (P < 0.001) and negatively
correlated with the reduction rate of HbA1c level (P = 0.001;
Table 4). The reduction rate of HbA1c level was negatively corre-
lated with the duration of diabetes (P = 0.001). The HbA1c level
at 24 weeks of treatment was significantly correlated with the
duration of diabetes (P < 0.001), the reduction rate of HbA1c level
(P < 0.001), and the number of classes of coadministered OADs
(P < 0.001). The HbA1c level at 24 weeks of treatment was

Table 2 | Baseline characteristics of patients

Group 0
(n = 10)

Group 1
(n = 19)

Group 2
(n = 20)

Group 3
(n = 11)

All patients
(n = 60)

P value

Age (years) 60.2 ± 10.3 67.0 ± 9.5 64.5 ± 12.3 57.8 ± 11.0 63.4 ± 11.2 0.430
Male (%) 50.0 63.2 55.0 63.6 58.3 0.876
Duration of diabetes (years) 3.9 ± 3.6 10.6 ± 7.6 15.8 ± 7.3 17.5 ± 5.1 12.5 ± 7.9 <0.001
HbA1c (%) 10.1 ± 1.6 9.4 ± 1.1 9.7 ± 1.5 9.9 ± 1.8 9.7 ± 1.4 0.580
Insulin doses (IU) 9.0 ± 7.0 8.0 ± 4.6 6.6 ± 1.9 7.9 ± 5.3 7.7 ± 4.5 0.054
BMI (kg/m2) 23.7 ± 3.9 23.1 ± 2.8 24.7 ± 4.4 28.1 ± 5.1 24.7 ± 4.3 0.018
Weight (kg) 61.9 ± 11.3 61.1 ± 9.8 62.6 ± 12.3 76.1 ± 18.8 64.6 ± 13.8 0.019

BMI, body mass index. Unless indicated otherwise, data are the mean ± SD. All P values were determined by analysis of variance (for continuous
variables) or Chi-squared tests (for gender comparison).

Table 3 | Changes from baseline to week 24

Group 0
(n = 10)

Group 1
(n = 19)

Group 2
(n = 20)

Group 3
(n = 11)

All patients
(n = 60)

P value

HbA1c at week 12 (%) 7.6 ± 0.8 7.4 ± 1.1 8.0 ± 0.9 8.4 ± 1.0 7.8 ± 1.0 0.071
HbA1c at week 24 (%) 7.1 ± 0.6 7.4 ± 1.2 7.8 ± 0.6 8.7 ± 1.2 7.7 ± 1.1 0.015
Change from baseline to week 24 (%) 3.0 ± 1.5 2.0 ± 1.6 2.0 ± 1.4 1.2 ± 0.9 2.0 ± 1.5 0.041
Reduction rate of HbA1c (%) 28.8 ± 10.5 20.4 ± 14.4 18.8 ± 10.3 11.8 ± 7.5 19.7 ± 12.2 0.012
Insulin doses at week 12 (IU) 11.5 ± 8.9 9.1 ± 4.1 7.2 ± 2.0 11.2 ± 6.1 9.2 ± 5.3 0.087
Insulin doses at week 24 (IU) 10.7 ± 9.3 9.5 ± 4.2 7.4 ± 1.8 12.2 ± 5.8 9.5 ± 5.3 0.084
Change from baseline to week 24 (IU) 1.7 ± 3.1 1.5 ± 4.9 0.8 ± 1.5 4.3 ± 2.6 1.8 ± 3.5 0.057
Weight at week 12 (kg) 61.7 ± 12.7 60.6 ± 9.9 62.5 ± 11.2 76.9 ± 18.9 64.5 ± 13.9 0.009
Weight at week 24 (kg) 60.4 ± 10.3 60.8 ± 10.3 62.9 ± 11.2 77.1 ± 19.4 64.6 ± 14.2 0.009
Change from baseline to week 24 (kg) )1.5 ± 3.5 )0.3 ± 2.9 0.3 ± 2.5 1.0 ± 2.7 0.0 ± 2.9 0.234

Unless indicated otherwise, data are the mean ± SD. All P values were determined by analysis of variance.
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also significantly correlated with the HbA1c level at baseline
(P = 0.005). The reduction rate of HbA1c level was positively cor-
related with HbA1c level at baseline (P < 0.001).

Multiple Regression Model
Multiple linear regression analysis including HbA1c level at base-
line, duration of diabetes, the number of classes of coadminis-
tered OADs, and HbA1c level at week 24 revealed that the
duration of diabetes (b = 0.561; P < 0.001) and HbA1c level at
baseline (b = 0.284; P = 0.006) were significant determinants of
HbA1c level at 24 weeks (Figure 1). The best fitting multiple
regression equation was: HbA1c level at week 24 = 0.078 · dura-
tion of diabetes + 0.218 · HbA1c level at baseline + 4.628
(r = 0.661; r2 = 0.437), on the conditions of diabetic duration in
the range 1–35 years and HbA1c level in the range 7.5–14.5%.

DISCUSSION
The present study showed a significant HbA1c reduction by
2.0% in 6 months following BOT introduction from a mean
HbA1c level of 9.7% at baseline. In the Treat to Target Trial15

and the DURABLE trial16, long-acting insulin analogs added
to oral therapy reduced HbA1c levels by 1.7% in 24 weeks.
The LANMET study17 showed that HbA1c was decreased by

2.0% in 36 weeks following BOT introduction. In the APOLLO
study, the decrease in HbA1c was 1.7% in 44 weeks with
BOT18. Rosenstock et al.19 reported that insulin glargine initia-
tion reduced HbA1c by 1.5% in 52 weeks. Mean HbA1c levels
at baseline in these studies were reported to be 8.6–9.5%15–19,
similar to those in the present study. Almost the same reduc-
tion in HbA1c levels from baseline to that found in the present
study suggests that the addition of once-daily long-acting insu-
lin to oral therapy is as effective for Japanese patients as for
Western patients.

In the Treat to Target Trial15, the average insulin dose at
24 weeks was 47.2 IU and BMI was 32.5 kg/m2. In the DURA-
BLE trial16, the average insulin dose at week 24 was 35 IU and
BMI was 32 kg/m2. In the present study, the average dose of
insulin glargine at week 24 was 9.5 IU and BMI was 24.7 kg/m2.
The insulin doses of patients in Groups 2 and 3, whose HbA1c
levels remained above 7.5% at week 24, were 7.4 and 12.2 IU,
respectively. Those in Groups 0 and 1, whose HbA1c levels
were <7.5% at week 24, were 10.7 and 9.5 IU, respectively. Goto
et al.20 reported that, at 6 months, BMI was 24.4 kg/m2 and
the average dose of insulin glargine was 7.6 IU. Kawamori
et al.21 reported that the average dose of insulin glargine at week
28 was 11.08 ± 0.52 IU. The insulin dose at week 24 in the
present study was smaller than that in the aforementioned
studies for Western patients. However, it was similar to that
reported by other studies in Japanese people. In Groups 2 and
3, the dose of insulin could not be increased because of hypo-
glycemia. Some patients were not able to receive sufficiently
increased doses of insulin to lower the average FBG below
110 mg/dL (6.1 mmol/L) because they occasionally experienced
hypoglycemic events. Some patients were not able to achieve
HbA1c <7.0%, even though their FBG was <110 mg/dL
(6.1 mmol/L) because their postprandial glucose was so high.
Goto et al.20 reported that the average insulin dose of the
improved group (HbA1c < 7.5%) was 6.7 ± 0.3 IU, whereas
that of the non-improved group (HbA1c ‡ 7.5%) was
8.2 ± 1.0 IU. This is similar to the results obtained in the pres-
ent study. The difference in BMI and insulin sensitivity between
Westerners and Japanese people may account for the differences
in total doses of insulin glargine between other studies for West-
erners and the present study.

Table 4 | Correlations between variables

N = 60 Concomitant OADs Reduction rate of HbA1c levels HbA1c at baseline HbA1c at week 24

Duration of diabetes r = 0.620, P < 0.001 r = )0.423, P = 0.001 r = 0.131, P = 0.318 r = 0.598, P < 0.001
Concomitant OADs – r = )0.414, P = 0.001 r = )0.017, P = 0.899 r = 0.496, P < 0.001
Reduction rate of HbA1c – – r = 0.566, P < 0.001 r = )0.558, P < 0.001
HbA1c at baseline – – – r = 0.357, P = 0.005

The reduction rate of HbA1c was calculated as: (HbA1c level at baseline – HbA1c level at week 24)/HbA1c level at baseline. The correlation between
any of the two continuous variables was examined by the two-tailed Pearson’s method. The correlation between a discrete variable, such as the
number of classes of oral antidiabetic drugs (OADs), and continuous variables was examined using the two-tailed Spearman’s method. Concomitant
OADs, concomitant oral antidiabetic drugs at initiation of basal supported oral therapy.

HbA1c levels
 at baseline

HbA1c levels
at week 24

Duration of diabetes

Reduction rate
of HbA1c levels No. coadministered OADs

Figure 1 | Duration of diabetes and HbA1c levels at baseline were
significant determinants of the HbA1c level at 24 weeks. The HbA1c
level to be attained at week 24 is calculated from the duration of
diabetes and the HbA1c level at baseline.
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Although mean HbA1c levels evidently improved on BOT
initiation, a substantial proportion of patients could not reach
the target level of HbA1c. Achievement rates of HbA1c <7.0%
have been reported to be 40–65%15–19. In fact, some patients
can achieve target glycemic control following BOT introduction,
whereas some cannot. Multiple regression analysis was used in
the present study to examine the clinical characteristics that
affected the response to BOT initiation.

Multiple linear regression analysis using HbA1c level at baseline,
duration of diabetes, number of classes of coadministered OADs,
and HbA1c level at 24 weeks of BOT as variables revealed that the
duration of diabetes and HbA1c level at baseline were significant
predictors of the HbA1c level at 24 weeks of BOT. The best fitting
multiple regression equation was HbA1c level at week 24
(%) = 0.078 · duration of diabetes (years) + 0.218 · HbA1c level
at baseline (%) + 4.628. Using the multiple regression equation,
we can estimate attainable HbA1c levels following BOT initiation
from two readily available parameters. From the multiple regres-
sion analysis, when the target HbA1c level should be <7.0%, the
condition that must be met was estimated as: HbA1c level on BOT
initiation < ()0.358 · duration of diabetes [years] + 10.88). The
multiple regression equation could be useful as a guide, in that the
HbA1c level to be attained at week 24 is calculated from the dura-
tion of diabetes and the HbA1c level at baseline. This approach
should be helpful for patients as well as for clinicians in deciding
the mode of insulin treatment, including injection frequency.
From the multiple regression equation, when the target HbA1c
level is <7.0%, we have to initiate BOT with the following condi-
tions: type 2 diabetic patients with HbA1c level £8.0% at baseline
and duration of diabetes £8 years. By comparison, if the duration
of diabetes is £5 years, BOT could be initiated when HbA1c levels
are £9.0%, resulting in an HbA1c level at 24 weeks of <7.0%.

There are a few limitations to the present study. First, it was
an observational study rather than a controlled study. Because it
was not a prospectively designed study, there are some limits to
interpreting the results. However, it is suggested that early initia-
tion of BOT before a longer duration of diabetes and before
adding a few more classes of OADs is efficacious in achieving
optimal glycemic control. Second, the present findings cannot
indicate what kinds of OADs are best partner to use with BOT,
because the number of patients in the study was not large
enough for this analysis. Third, the present results cannot show
the efficacy of adding another OAD for type 2 diabetic patients
who had initiated BOT. Despite these limitations, the present
study is important in that HbA1c levels after BOT initiation can
be estimated using the duration of diabetes and the HbA1c level
at baseline, parameters that are easily determined in the clinical
setting. A method of estimating HbA1c levels using such param-
eters has not been reported previously as far as we know.

The present findings indicate that combination of too many
OADs and/or overlong duration of diabetes with insufficient gly-
cemic control lead to belated BOT introduction with half the
improvement in HbA1c level. Patients with type 2 diabetes on
OAD monotherapy should switch to the next step, such as the

addition of a second OAD or the initiation of insulin injections, if
there is insufficient glycemic control. In addition, when good gly-
cemic control is not achieved on combination OAD therapy, a
prompt change to insulin is desirable. Continuing combination
OAD therapy with poor glycemic control should be avoided as
much as possible. According to the stepwise therapy of type 2
diabetes given in treatment guidelines5,6, patients with poor glyce-
mic control despite being on diet and exercise therapy should
start OAD monotherapy. Sulfonylureas are often the first OAD
chosen and administered in Japan, unlike in the US and Eur-
ope22. In addition, sulfonylureas are the OADs most frequently
used concomitantly with basal insulin in Japan20,21. When opti-
mal glycemic control is not achieved with OAD monotherapy, a
second class of OAD could often be added to the first OAD.
Then, sometimes, a third class of OAD may be added if good gly-
cemic control is not attained. In the present study, the more
OADs that patients were taking, the longer the duration of diabe-
tes. However, the longer the duration of diabetes, the lower the
decrease in HbA1c after BOT introduction. The addition of a sec-
ond or a third OAD and continuing combination OAD therapy
does not necessarily progress to the timely initiation of insulin
therapy to achieve good glycemic control. It has been reported
that the longer the duration of diabetes, the less insulin secretion
accrues23,24. The findings of the present study are consistent in
that the more OADs that patients took concomitantly and the
longer duration of diabetes, the less insulin secretion accrued.

Many patients and physicians are reluctant to begin insulin
injections, which is common in the treatment of type 2 diabetes;
this is called psychological insulin resistance25,26. Psychological
insulin resistance delays the start of insulin therapy, and patients
and physicians miss the chance to start insulin therapy at an
appropriate time27. BOT could be the easiest and most effective
choice for initiating insulin therapy in outpatient situations.

In conclusion, the equation based on the multiple linear
regression model indicates easily determined conditions neces-
sary for type 2 diabetic patients to achieve target HbA1c levels.
The less the duration of diabetes, the greater the reduction in
HbA1c levels obtained. Early initiation of BOT in type 2 diabe-
tes, which is a pathophysiologically progressive disease, is very
likely to be more effective in achieving good glycemic control.
This information could be useful for patients, as well as clini-
cians, to lessen the barriers to starting once-daily insulin injec-
tions in the real world.

ACKNOWLEDGEMENTS
The authors declare no conflicts of interest. Financial support
for this study was not provided by any company or foundation.
All authors have read the manuscript and have approved its
submission. The authors thank Shigeki Ikushima and Kanji
Tomogane (Department of Pharmacy, Tenri Hospital) for their
assistance with database management. The authors also thank
Yasuaki Hayashino (Department of Epidemiology and Health-
care Research, Kyoto University Graduate School of Medi-
cine), Shunzo Maetani, Yoshiaki Segawa, and Hitoshi Obayashi

168 Journal of Diabetes Investigation Volume 3 Issue 2 April 2012 ª 2011 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd

Fujita et al.



(Tenri Institute of Medical Research) for their advice regarding
the statistical analyses.

REFERENCES
1. Porcellati F, Rossetti P, Busciantella NR, et al. Comparison of

pharmacokinetics and dynamics of the long-acting insulin
analogs glargine and detemir at steady state in type 1
diabetes. Diabetes Care 2007; 30: 2447–2452.

2. Bolli GB, Owens DR. Insulin glargine. Lancet 2000; 356: 443–445.
3. Fischer JS, Edelman SV, Schwartz SL. United States patient

preference and usability for the new disposable insulin
device Solostar versus other disposable pens. J Diabetes Sci
Technol 2008; 2: 1157–1160.

4. Mooradian AD, Bernbaum M, Albert SG. Narrative review: a
rational approach to starting insulin therapy. Ann Intern Med
2006; 145: 125–134.

5. Nathan DM, Buse JB, Davidson MB, et al. Medical manage-
ment of hyperglycemia in type 2 diabetes: a consensus
statement of the American Diabetes Association and the
European Association for the Study of Diabetes. Diabetes
Care 2009; 32: 193–203.

6. Nathan DM, Buse JB, Davidson MB, et al. Management of
hyperglycemia in type 2 diabetes: a consensus algorithm for
the initiation and adjustment of therapy. A consensus state-
ment from the American Diabetes Association and the Euro-
pean Association for the study of diabetes. Diabetologia
2006; 49: 1711–1721.

7. Holman RR, Thorne KI, Farmer AJ, et al. Addition of biphasic,
prandial, or basal insulin to oral therapy in type 2 diabetes.
N Engl J Med 2007; 357: 1716–1730.

8. Hermansen K, Mortensen LS, Hermansen ML. Combining
insulins with oral antidiabetic agents: effect on hyperglyce-
mic control, markers of cardiovascular risk and disease. Vasc
Health Risk Manag 2008; 4: 561–574.

9. Khunti K, Srinivasan BT, Shutler S, et al. Effect of insulin
glargine on glycemic control and weight in obese and
non-obese people with type 2 diabetes: data from the
AT.LANTUS trial. Diabetes Obes Metab 2010; 12: 683–688.

10. Wright A, Burden AC, Paisey RB, et al. Sulfonylurea inade-
quacy: efficacy of addition of insulin over 6 years in patients
with type 2 diabetes in the UK. Prospective Diabetes Study
(UKPDS 57). Diabetes Care 2002; 25: 330–336.

11. The Diabetes Control Complications Trial (DCCT) Research
Group. The absence of a glycemic threshold for the devel-
opment of long-term complications: the perspective of the
Diabetes Control and Complications Trial. Diabetes 1996; 45:
1289–1298.

12. Ohkubo Y, Kishikawa H, Araki E, et al. Intensive insulin ther-
apy prevents the progression of diabetic microvascular com-
plications in Japanese patients with non-insulin dependent
diabetes mellitus: a randomized prospective 6-year study.
Diabetes Res Clin Pract 1995; 28: 103–117.

13. American Diabetes Association. Standards of medical care in
diabetes: 2008. Diabetes Care 2008; 31(Suppl. 1): S12–S54.

14. The Committee of Japan Diabetes Society on the Diagnostic
Criteria of Diabetes Mellitus. Report of the committee on
the classification and diagnostic criteria of diabetes mellitus.
J Diabetes Invest 2010; 1: 212–228.

15. Riddle MC, Rosenstock J, Gerich J. Randomized addition of
glargine or human NPH insulin to oral therapy of type 2 dia-
betic patients (The Treat-to-Target Trial). Diabetes Care 2003;
36: 3080–3086.

16. Buse JB, Wolffenbuttel BHR, Herman WH, et al. Durability of
basal versus lispro mix 75/25 insulin efficacy (DURABLE) trial
24-week, Safety and efficacy of insulin lispro mix 75/25 ver-
sus insulin glargine added to oral antihyperglycemic drugs
in patients with type 2 diabetes. Diabetes Care 2009; 32:
1007–1013.

17. Yki-Järvinen H, Kauppinen-Mäkelin R, Tiikkainen M, et al.
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