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ABSTRACT

Aims/Introduction: To clarify clinical characteristics related to optimal glycemic control achieved after adding once-daily pre-dinner
biphasic insulin aspart 70/30 (BIAsp 30) in Japanese type 2 diabetic (T2D) patients with oral antidiabetic drug (OAD) failure.
Materials and Methods: Under this regimen, we evaluated changes in HbA1c levels and daily self-monitoring blood glucose (BG)
profiles, as well as the incidences of hypoglycemia and retinopathy progression. The patients adjusted BIAsp 30 dosages themselves
every 3–4 days according to a pre-determined algorithm to achieve fasting BG levels of 101–120 mg/dL. HbA1c levels were
expressed as Japan Diabetes Society values.
Results: Of 29 enrolled patients, 22 (HbA1c levels, 8.5 ± 1.5% [mean ± SD]) and 20 patients completed the 16- and 24-week
follow-up, respectively. At 16 weeks 68.2 and 45.5%, and at 24 weeks 80.0 and 35% of patients had achieved HbA1c levels of <7.0
and <6.5%, respectively. The patients who had achieved optimal glycemic control, including daytime postprandial BG profiles after
treatment, had lower post-breakfast BG excursions at baseline, shorter diabetes durations and younger age. No severe hypoglycemic
episodes were recorded. Progression of retinopathy was observed in 3 of the 29 enrolled patients.
Conclusions: Lower post-breakfast BG excursions, shorter diabetes duration and younger age in Japanese T2D patients with OAD
failure might warrant optimal glycemic control with safety after adding once-daily pre-dinner BIAsp 30 initiating regimen. (J Diabetes
Invest, doi: 10.1111/j.2040-1124.2010.00062.x, 2010)
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INTRODUCTION
To reduce the risk of diabetic chronic complications, it is crucial
to achieve ideal glycemic control as early as possible in diabetic
patients1–4. In clinical practice, under recent guidelines, a HbA1c

level of <6.5–7.0% is recommended as the target for glycemic
control in diabetic patients5,6.

The progressive decline in b-cell function in type 2 diabetic
(T2D) patients has been reported, despite lifestyle modifications
and pharmacological interventions using oral antidiabetic agents
(OAD)7,8. Therefore, at present, the initiation of insulin therapy
is generally thought to be inevitable in a certain proportion of

T2D patients. However, how and when to initiate insulin ther-
apy in T2D patients remains controversial.

In recent reports, once or twice daily use of basal insulin ana-
logues as an add-on therapy to OAD (so-called basal-supported
oral therapy [BOT]) in insulin-naı̈ve T2D patients has shown
that glargine or detemir can achieve clinically important
improvements in glycemic control, similar to those achievable
with neutral protamine Hagedorn insulin, but with less risk of
hypoglycemia9–14. On the basis of these results, the recent guide-
lines from Western countries have recommended that insulin
should be initiated with basal insulin6. However, in a report of
Japanese T2D patients, approximately half of the patients could
not achieve a HbA1c level of <7.0%15. In that study, no clear
explanatory characteristics distinguished patients who could
achieve good glycemic control from those who did not.

In contrast to basal analogue insulin, premixed analogue
insulin, such as biphasic insulin aspart 70/30 (BIAsp 30), can
improve postprandial glucose levels and provide basal insulin
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coverage by one injection at mealtime. The ability of BIAsp 30
to improve postprandial glucose levels is superior to human pre-
mixed insulin 70/3016,17. In the recent ‘The 1-2-3 study’, insulin
therapy was initiated with once-daily pre-dinner BIAsp 30,
titrated to a target fasting blood glucose (FBG) level of
80–110 mg/dL by add-on OAD therapies (phase 1), followed by
the addition of pre-breakfast BIAsp 30 (phase 2) and pre-lunch
BIAsp 30 (phase 3), with OAD withdrawal in patients showing
a HbA1c level ‡6.5% at the end of phase 1 or 2. Just after
phase 1, 2 and 3 of this regimen 41, 70 and 77%, respectively,
of patients had a HbA1c level of <7.0% 18. A recent study that
used a similar step-up regimen with BIAsp 30 in Japanese T2D
patients19 confirmed the efficacy and usefulness of the method.

Quite recently, the regimen of adding a once-daily pre-dinner
injection of BIAsp 30 has been reported to have equal or a
slightly superior efficacy in improving glycemic control than
those of basal insulin analogues as add-on OAD therapies20.
However, the efficacy and safety of this method in Japanese
T2D patients has not yet been sufficiently tested. In particular,
the differences in the clinical characteristics of patients who can
or cannot achieve optimal glycemic control, including postpran-
dial glycemic control, after this regimen need to be elucidated.

In an outpatient setting, patient-directed insulin dosage titra-
tion, according to a predetermined dosage-escalation algorithm,
reportedly shows the same levels of improvement in glycemic
control and safety as physician-led dosage titration21,22.

We, therefore, investigated the extent to which a regimen with
once-daily pre-dinner BIAsp 30 as an add-on OAD therapy
would improve HbA1c levels and daily profiles of blood glucose
(BG) in Japanese T2D patients under OAD failure. In the pres-
ent study, we used patient-directed insulin titration method on
the basis of self-monitoring BG (SMBG) levels according to a
predetermined algorithm. Furthermore, we attempted to identify
differences in clinical characteristics between patients with and
without optimal glycemic control after undergoing this regimen.

MATERIALS AND METHODS
Patients
Eligible patients were as follows: diagnosed with T2D for ‡1 year,
‡20 years-of-age, not pregnant, insulin naı̈ve and HbA1c levels of
>7.0% or fasting plasma glucose levels of ‡140 mg/dL on a stan-
dard regimen5 for ‡3 months with OAD. Sulfonylurea (SU) dos-
ages were to be at least equivalent to a daily dose of 5 mg of
glibenclamide, 80 mg of gliclazide or 3 mg of glimepiride with or
without metformin (MET), thiazolidinedione (TZD) and/or
alpha-glucosidase inhibitors (AGI). In addition, SMBG was intro-
duced to eligible patients during the 4 weeks before initiation of
BIAsp 30. Patients were instructed to monitor their FBG levels
every day. Patients with FBG of ‡140 mg/dL (mean of the last
3 days during the 4-week SMBG period) were confirmed as final
eligible patients. Enrolled patients did not have hepatic insuffi-
ciency (alanine transaminase or aspirate transaminase is ‡2-fold
of the upper reference limit of each institute), renal insufficiency
(serum creatinine ‡1.4 mg/dL), severe diabetic complications

(overt proteinuria with renal failure, unstable proliferative reti-
nopathy or symptomatic orthostatic hypotension), malignant
tumors or dementia. We carried out this 24-week, open-label,
interventional, multicenter (five hospitals in Akita Prefecture,
Japan: Akita University Hospital, Akita Red Cross Hospital, Akita
City Hospital, Akita Kumiai General Hospital and Yokote
Municipal Hospital) study in accordance with the Declaration of
Helsinki. All the patients provided written informed consent.

Medication and BIAsp 30 Titration
Eligible patients were instructed to add a once-daily BIAsp 30
injection within 15 min pre-dinner to their OAD regimens.
Dosages of SU were reduced to the allowed minimum dosages
for Japan (2.5 mg of glibenclamide, 40 mg of gliclazide or 1 mg
of glimepiride) to avoid hypoglycemia, particularly during the
night. MET, TZD and AGI were taken as baseline treatment in
each patient. The initial dosage of BIAsp 30 was 3 U, followed
by self-adjustment of the pre-dinner BIAsp 30 dosage every
3–4 days on the basis of an average of 3–4 previous FBG values.
The dosage-titration algorithm was as follows:

Mean fasting
SMBG (mg/dL)

£80 81)100 101–120 121–140 141–160 160<

Adjustment
of insulin
dosage (U)

)3 )1 0 +1 +2 +3

On the basis of this method, the present study was named
the ‘STEP-AKITA study’, abbreviated from SMBG based man-
agement of type 2 diabetes under oral antidiabetic drugs failure
with evening premixed biphasic insulin aspart 70/30 injection in
AKITA.

Patients were encouraged to visit an outpatient clinic every
2–4 weeks. If necessary, patients were allowed to consult their
physicians about the adjustment of insulin dosages by phone or
fax. BIAsp 30 was given with the prefilled (3 mL, 100 U/mL)
Novorapid 30 mix FlexPen delivery system (Novo Nordisk,
Bagsvaerd, Denmark).

Assessments
Blood samples for the assessment of HbA1c levels were obtained
every 4 weeks along with a routine examination of hepatic and
renal function. HbA1c levels and the proportion of patients
achieving those of <7.0% or <6.5% at 16 and 24 weeks after the
initiation of BIAsp 30 were assessed, as it is unclear how long
an observation period needs to be for sufficient evaluation of
the effect on HbA1c levels in insulin therapies added to OAD.
Patients were encouraged to record 8-point SMBG profiles
(including pre- and post-breakfast, -lunch and -dinner profiles;
bedtime and 03.00 h, where ‘post’ times were 2 h later) at least
once a week. Because sufficient 8-point SMBG profiles were
obtained in more patients around the time BIAsp 30 titration
finished than at 16 or 24 weeks, 8-point SMBG profiles
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recorded just before the initiation of BIAsp 30 (baseline) and
just after BIAsp 30 titration was judged to be finished were used
for evaluation. Bodyweight (BW) was recorded in the outpatient
clinic once a month.

Patients were re-taught how to recognize the symptoms of
hypoglycemia and were instructed to obtain and record their
SMBG level whenever a hypoglycemic event was suspected.
Hypoglycemic episodes were classified as mild when SMBG lev-
els were <70 mg/dL, regardless of hypoglycemic symptoms, and
when patients could manage themselves. Events were classified
as severe when BG levels were <70 mg/dL and when patients
were unable to manage themselves.

To detect any worsening of retinopathy, all patients were
required to consult ophthalmologists before initiation of BIAsp
30 and after titration.

Laboratory Procedures
SMBG was carried out with provided BG (capillary) meters
(One Touch Ultra, LifeScan, Milpitas, CA, USA). HbA1c level
was measured by high performance liquid chromatography
using an automated analyzer at each hospital and values were
calibrated with standard substances recommended by Japan
Diabetes Society (JDS Lot 2). The reference range of HbA1c lev-
els is 4.3–5.8%. HbA1c values were expressed as JDS values.

Statistical Analysis
Values are expressed as mean ± SD. The Friedman test was
used to identify global differences in values throughout the study
period. Furthermore, values at each time after the initiation of
BIAsp 30 were compared with the value at baseline using
Dunn’s multiple comparison test (non-parametric). The Wilco-
xon signed-ranks test was used for paired comparisons between
values before and after treatment. The Mann–Whitney U-test
and Pearson’s v2-test were used to calculate the significance of
differences in values between groups. Pearson’s correlation anal-
ysis was carried out to explore relationships between corre-
sponding values. All calculations were made using StatFlex
Version 5.0 (Artec, Osaka, Japan). Two tailed P-values of <0.05
were considered statistically significant.

RESULTS
Participants
A total of 29 patients, with a mean fasting SMBG ‡140 mg/dL,
even in the last 3 days during the 4-week SMBG period, initi-
ated BIAsp 30 according to the protocol. Of those, seven
patients did not complete the study. Reasons for withdrawal
were adverse events in two patients, (progression of diabetic reti-
nopathy and skin allergy at injection site) and non-compliance
of insulin injection or SMBG recording in five patients. Finally,
22 and 20 patients completed 16- and 24-week follow up of
HbA1c levels, respectively. The clinical characteristics of 22
patients are shown in Table 1. No patient had been treated with
SU monotherapy. More than 80% of patients had been treated
with MET or TZD.

Glycemic Control
Efficacy Achieved as Per HbA1c Levels
Achieved HbA1c levels are shown in Figure 1a. At 8 weeks after
the initiation of BIAsp 30, mean HbA1c level was significantly
decreased (7.4 ± 1.2, vs 8.5 ± 1.5% at baseline; P < 0.05). At
16 weeks, mean HbA1c level had stabilized to 6.8 ± 1.0%
(P < 0.01 vs baseline) and showed a tendency toward a slight
decrease until 24 weeks (at 24 weeks, 6.6 ± 0.7%, P < 0.01 vs
baseline). At 16 weeks, the rates of patients who achieved HbA1c

levels of <7.0 and <6.5% were 68.2% (15/22) and 45.5% (10/22),
respectively. At 24 weeks, 16 of 20 (80.0%) and 7 of 20 (35.0%)
patients had achieved HbA1c levels of <7.0 and <6.5%, respec-
tively. Reduction of the rate of patients achieving a HbA1c level of
<6.5% at 24 weeks was a result of worsening of HbA1c level to
‡6.5% in two patients and a patient dropping out before 24-week
follow up, among 10 patients who achieved a HbA1c level of
<6.5% at 16 weeks. When the patients were stratified according
to baseline HbA1c levels of <8.0 or ‡8.0%, 87.5% (7/8) and 75.0%
(9/12) of patients, respectively, had achieved HbA1c levels of
<7.0% at 24 weeks. Further, 37.5% (3/8) and 33.3% (4/12) of
patients with respective baseline HbA1c levels of <8.0 and ‡8.0%
had achieved HbA1c levels of <6.5% at 24 weeks. The rates of
patients who had achieved HbA1c levels of <7.0 and <6.5% as the
final evaluations at 24 weeks were not influenced by baseline
HbA1c levels. Figure 2b shows a strong linear correlation between
baseline HbA1c levels and change in HbA1c levels from the base-
line (DHbA1c) at 24 weeks in 20 patients (Figure 2b), showing
that an even higher HbA1c level at baseline can be lowered suffi-
ciently by the regimen of the present study.

Efficacy Achieved as Per Daily Profiles of SMBG
Figure 1b shows the improvement in 8-point SMBG profiles in
21 patients whose daily 8-point SMBG profiles at baseline and

Table 1 | Clinical characteristics of type 2 diabetic patients

Male/female (n) 10/12
Age (years) 62.1 ± 10.8
Body mass index (kg/m2) 25.1 ± 5.0
Duration of diabetes (years) 13 ± 9.4
Retinopathy (nil/simple/proliferative) (15/7/0)
Albuminuria (normo/micro/macro) (13/3/6)
HbA1c at baseline (%) 8.5 ± 1.5
No. OAD (%)
Monotherapy 0 (0)
Combination therapy

SU + MET 3 (13.6)
SU + TZD 3 (13.6)
SU + MET + TZD 11 (50.0)
SU + TZD + AGI 1 (4.5)
SU + MET + TZD + AGI 4 (18.2)

Use of MET 18 (81.8)
Use of TZD 19 (86.4)

Data are expressed as mean ± SD or otherwise indicated.
AGI, alpha-glucosidase inhibitor; MET, metformin; OAD, oral anti-diabetic
agents; SU, sulfonylurea; TZD, thiazolidinedione.
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just after BIAsp 30 titration (after titration) were sufficiently
obtained. All the points of BG measured were significantly
decreased, except for pre-dinner BG. In particular, the decreases
in BG at pre- and post-breakfast, pre-lunch, post-dinner, at
bedtime and at 03.00 h were remarkable (P < 0.01). As shown
in Figure 1b, the BG profiles from post-dinner to pre-breakfast
were well stabilized without post-dinner BG excursion (DBG)
after titration (67.1 ± 85.4 mg/dL at baseline and )23.6 ± 67.4
mg/dL after titration; P < 0.01), whereas post-breakfast DBG
after BIAsp 30 titration remained comparable to that at baseline
(114.7 ± 77.9 mg/dL at baseline and 105.8 ± 67.7 mg/dL after
titration).

Clinical Characteristics of Patients With or Without Optimal
Post-breakfast DBG Pattern After Treatment
The patients in the present study showed widely divergent post-
breakfast DBG (from )18 to 228 mg/dL) even after nearly ideal
FBG levels had been established by BIAsp 30 titration (Fig. 2a).
Therefore, clinical characteristics with or without optimal post-
breakfast DBG after titration were explored. Individual post-
breakfast DBG at baseline and after BIAsp 30 titration showed a
strong correlation (Fig. 2a), indicating that the treatment might
scarcely influence the individual post-breakfast DBG pattern.
Therefore, we divided the patients into two groups according to
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Figure 1 | Clinical parameters during the treatment with pre-dinner
biphasic insulin aspart 70/30. (a) Changes in HbA1c. (b) Mean 8-point
self-monitored blood glucose profiles at baseline and just after BIAsp 30
titration. (c) Changes in self-titrated insulin dose. (d) Incidences of
hypoglycemic episodes. Data are expressed as mean ± SD in a, b and c.
AB, 2 h post-breakfast; AD, 2 h post-dinner; AL, 2 h post-lunch; BB,
pre-breakfast; BD, pre-dinner; BL, pre-lunch; BT, bed time. #P < 0.05;
##P < 0.01 versus values at 0 week revealed by Dunn’s multiple compar-
ison test. *P < 0.05; **P < 0.01 versus values at 0 week revealed by the
Wilcoxon signed-ranks test.
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Figure 2 | Relationships (a) between post-breakfast blood glucose
excursion (DBG) at baseline and that just after titration of pre-dinner
biphasic insulin aspart 70/30 and (b) between baseline HbA1c levels (%)
and changes in HbA1c levels (DHbA1C, %) at 24 weeks from baseline.
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post-breakfast SMBG levels after BIAsp 30 titration: Group A,
<200 mg/dL; and Group B, ‡200 mg/dL (Table 2). Figure 3
shows the daily 8-point SMBG profiles at baseline and after
BIAsp 30 titration, indicating relatively flat BG profiles in Group
A and ruggedness in Group B. Table 2 shows the clinical charac-
teristics of both groups. Patients in Group B had a greater propor-
tion of women, older age, longer duration of diabetes and higher
post-breakfast DBG both before and after BIAsp 30 titration.
Despite the rugged daytime BG profiles, even after BIAsp 30 titra-
tion, HbA1c levels after BIAsp 30 treatment in Group B were not
significantly higher compared with that in Group A (Table 2).

Insulin Dosages
Insulin dosage (U/kg) was titrated to 0.18 ± 0.14 at 4 weeks,
0.19 ± 0.09 at 16 weeks, 0.22 ± 0.10 at 20 weeks and 0.24 ±
0.09 at 24 weeks (Figure 1c).

BW Changes
BW changes from 0 week (kg) were )0.12 ± 1.0, 0.23 ± 1.8,
0.59 ± 2.3, 1.1 ± 2.2, 1.9 ± 2.8 and 2.5 ± 2.7 at 4, 8, 12, 16, 20

and 24 weeks, respectively. The Friedman test showed signifi-
cant BW changes throughout the study period (P < 0.01). BW
at 20 and 24 weeks were significantly increased compared with
baseline (P < 0.05 by Dunn’s multiple comparison test).

Hypoglycemic Episodes and Adverse Events
No severe hypoglycemic episodes were reported. Mild hypo-
glycemic episodes were reported by 13 of 29 patients (inclu-
ding 7 patients who withdrew from the study) during the
study at a low rate of 1.95 events per patient over the course
of 6 months (Figure 1d). Principally, patients had experienced
hypoglycemic episodes pre-lunch, post-dinner, at bedtime and
at 03.00 h.

One woman withdrew because of a progression of diabetic
retinopathy (progression from no clinical lesions at baseline to
proliferative retinopathy requiring photocoagulation and surgical
procedure by an ophthalmologist 6 weeks after initiation of

Table 2 | Clinical characteristics of type 2 diabetic patients divided
according to 2-h post-breakfast blood glucose levels after biphasic
insulin aspart 70/30 titration

Blood glucose at 2 h after breakfast

<200 mg/dL
n = 10
(Group A)

‡200 mg/dL
n = 11
(Group B)

P-value

Male/female (n) 8/2 4/7 <0.05
Age (years) 55.3 ± 5.7 66.8 ± 10.5 <0.05
Body mass index (kg/m2) 25.3 ± 4.1 24.6 ± 6.4 NS
Duration of diabetes (years) 8.7 ± 7.0 18.9 ± 11.7 <0.05
AGI use (n, %) 3, 30.0 2, 18.1 NS
HbA1c levels at 0 week (%) 8.9 ± 1.8 8.7 ± 2.0 NS
HbA1c levels at 16 weeks (%) 6.7 ± 0.62 6.8 ± 0.96 NS
DHbA1c 0–16 weeks (%) )2.2 ± 1.9 )1.9 ± 1.4 NS
FBG at 0 week (mg/dL) 173.8 ± 80.0 166.3 ± 52.8 NS
2h-BG-M at 0 week (mg/dL) 239.3 ± 119.3 325.6 ± 71.6 NS
DBG-M at 0 week (mg/dL) 65.5 ± 58.5 159.4 ± 66.6 <0.01
FBG after BIAsp 30 titration

(mg/dL)
106.7 ± 14.5 109.9 ± 19.8 NS

2h-BG-M after BIAsp 30
titration (mg/dL)

152.8 ± 29.5 269.9 ± 36.9 <0.01

DBG-M after BIAsp 30 titration
(mg/dL)

46.2 ± 33.5 160.0 ± 36.9 <0.01

Insulin dosage after BIAsp 30
titration (U/kg)

0.21 ± 0.14 0.23 ± 0.15 NS

Data are expressed as mean ± SD or otherwise indicated. The
Mann–Whitney U-test and Pearson’s v2-test was used to calculate
statistically significant differences of the values between groups.
2h-BG-M, blood glucose 2 h after breakfast; DHbA1c 0–16 weeks,
changes in HbA1c levels from baseline to 16 weeks; AGI,
alpha-glucosidase inhibitor; FBG, fasting blood glucose; DBG-M, blood
glucose excursion for 2 h after breakfast; NS, not significant.
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Figure 3 | Mean 8-point self-monitored blood glucose (BG) profiles at
0 week and just after pre-dinner biphasic insulin aspart 70/30 (BIASp 30)
titration (a) in patients with 2 h post-breakfast BG after BIAsp 30 titration
<200 mg/dL and (b) in patients with 2 h post-breakfast BG after BIAsp
30 titration ‡200 mg/dL. AB, 2 hours post-breakfast; AD, 2 h post-dinner;
AL, 2 h post-lunch; BB, pre-breakfast; BD, pre-dinner; BL, pre-lunch; BT,
bed time. *P < 0.05; **P < 0.01 versus values at 0 week revealed by the
Wilcoxon signed-ranks test.
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BIAsp 30). Another woman withdrew because of skin allergy at
the injection site. The patient with a marked retinopathy pro-
gression mentioned previously had a long estimated duration of
diabetes (23 years) and marked poor glycemic control (HbA1c

level at baseline of 13.8%, DHbA1c at 4, 8 and 12 weeks of )2.7,
)3.8 and )4.5%, respectively). Retinopathy progression was
reported in another two patients who were able to complete the
study. In one woman, simple retinopathy before the initiation of
BIAsp 30 had progressed to proliferative retinopathy 1 month
after the end of this study (HbA1c levels at baseline and at
24 weeks were 7.8, 6.9%, respectively. DHbA1c at 4, 8 and
12 weeks were )0.5, )0.6 and )0.7%, respectively). In another
patient, a man without retinopathy at baseline, simple retino-
pathy was found 24 months after the end of the present study
(HbA1c levels at baseline and at 24 weeks were 7.2 and 6.3%,
respectively. DHbA1c at 4, 8 and 12 weeks were )0.3, )1.1 and
)1.6%, respectively).

DISCUSSION
This study showed that in Japanese T2D patients with failed
OAD therapies, patients who had achieved optimal glycemic
control, including daytime postprandial BG profiles after an
addition of appropriate dosage of once-daily pre-dinner BIAsp
30 (Group A), had lower post-breakfast BG excursions at base-
line, shorter diabetes durations and younger age. The other
patients with opposite clinical characteristics (Group B) had still
shown higher daytime postprandial BG excursions, even after
achievement of ideal BG profiles from post-dinner to pre-break-
fast, by the regimen used in the present study.

In Group A patients, the ranges of daily BG profiles before
and after BIAsp 30 titration were relatively flat (Figure 3)
and resembled those of T2D patients from Western countries,
who used BOT or pre-dinner BIAsp 30 as an add-on to
OAD9–14,18,20. Additionally, daily BG profiles after titration were
ideal and didn’t seem to require additional insulin supplementa-
tion at breakfast or lunch. In contrast, Group B patients had
higher daytime postprandial glucose excursions both before and
after BIAsp 30 titration and higher baseline post-breakfast DBG
levels were preserved even after treatment (Figure 3), requiring
bolus dosages at breakfast and/or lunch time to achieve ideal
daily BG profiles. Collectively, higher post-breakfast DBG levels
with OAD failure might predict a need for two or more bolus
supplements of insulin after the establishment of ideal BG pro-
files from post-dinner to pre-breakfast by pre-dinner BIAsp 30
titration.

Group B patients had relatively higher age and longer
durations of diabetes (Table 2), indicating that they had the
characteristics of more declined b-cell function reported in long-
standing T2D patients7,8. The main characteristics of Asian T2D
patients have been thought to include declined b-cell func-
tion23–25 and a loss of early-phase insulin response26. Taking
these findings together, Japanese T2D patients with OAD failure
can be divided into two groups: one characterized with relatively
declined b-cell function with higher postprandial glucose

excursions requiring appropriate basal and multiple bolus insu-
lin supplements; and the other with relatively preserved b-cell
function with lower postprandial glucose excursions requiring
only appropriate FBG correction that might be achieved with
the addition of once-daily injections to OAD therapies, such as
pre-dinner BIAsp 30 or basal insulin analogues.

Table 2 shows that there is no difference in HbA1c levels at
16 weeks between Group A and B, despite the markedly differ-
ent patterns of daytime BG excursion (Figure 3). It is difficult
to explain this phenomenon. Daily SMBG profiles had been
well preserved during the study (the post-breakfast DBG last
recorded during the study in Group A and B were 57.6 ± 55.5
and 141.7 ± 55.5 mg/dL [P < 0.01], respectively). Postprandial
glucose spikes of relatively short duration might have minor
effects on HbA1c levels. Because glycated albumin (GA) is
reported to be a more sensitive marker than HbA1c for glucose
excursions27, we would have measured GA levels in the present
study.

The results that 80 and 35% of participants were able to
achieve HbA1c levels of <7.0 and <6.5%, respectively, at
24 weeks confirmed the satisfactory results of phase 1 in ‘The
1-2-3 study’ (in which HbA1c level was <7.0% in 41% and
<6.5% in 21% of patients)18. Recently, it was reported that
HbA1c levels of 7.0 and 6.5% in the USA are equivalent to those
of 6.6 and 6.1% in Japan (JDS values)28. Considering the meth-
odological differences used to determine HbA1c levels between
Japan and the USA, the result that 35% of the patients in the
present study achieved HbA1c levels of <6.5% (equivalent to
6.9% in the USA) is comparable to the result of ‘The 1-2-3
study’. Recent guidelines from Western countries recommend
that insulin should be initiated with basal insulin analogues as
add-on OAD therapies6. However, the satisfactory results of
‘The 1-2-3 study’, the study of Strojek et al.20 and the present
study show that adding a once-daily pre-dinner injection of
BIAsp 30 in T2D patients with OAD failure might represent an
alternative regimen at the initiation of insulin therapy.

The present study used an insulin titration method managed
by patients themselves on the basis of SMBG levels according
to a predetermined algorithm21,22. The satisfactory effects of
the present study on HbA1c levels with a minimal incidence of
hypoglycemia also confirmed the usefulness of this insulin titra-
tion method in Japanese T2D patients. Dosage-adjustment levels
at each correction were designed to be approximately one-third
of those applied in Western countries18,21,22, where the body
mass index (BMI) of patients is approximately 30. The BMI of
our patients was approximately 25, suggesting a less insulin-
resistant feature of Japanese T2D patients and the need for a
finer insulin titration regimen.

In the present study, no severe hypoglycemic episodes were
recorded and the frequency of mild hypoglycemic episodes was
considered acceptable. Recording SMBG, especially pre-breakfast
everyday and self-adjustment of pre-dinner BIAsp 30 dosage,
according to SMBG levels might be related to this level of safety.
The reduced dosages of SU at the initiation of BIAsp 30 in the
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present study might be a reason for the lack of severe hypo-
glycemic episodes.

Progression of retinopathy was observed in three patients.
Aggressive reduction of BG levels in patients with long-term
poor glycemic control has been reported to be a factor contrib-
uting to early retinopathy progression after glycemic control29–31

and a slow reduction rate of HbA1c levels (slower than )0.5%
per month) is recommended for such patients32. The patient in
the present study who withdrew because of marked retinopathy
progression had a long-term poor glycemic state; longer insulin
titration intervals than those used in the present study might
be desirable for such patients. However, progression of retino-
pathy was reported in another two patients, whose baseline
HbA1c levels and reduction rates were not as high and not as
aggressive, respectively (from 7.8 to 6.9% and from 7.2 to 6.3%
during 6 months), indicating that the fast reduction rate of
HbA1c levels is only a definitive cause of early retinopathy
worsening after aggressive glycemic control. Although causes
for retinopathy progression in our patients are not clear,
patients who undergo intensified glycemic control regimens
should be followed up with careful and regular observation of
retinopathy to prevent or to take an appropriate action against
its worsening.

The present study was limited by low numbers of patients.
Accordingly, the aforementioned results must be interpreted as
those of a limited pilot study. A large number of participants is
necessary to conclude that the regimen of the present study is a
suitable method for the initiation of insulin therapy in Japanese
T2D patients.

In summary, an addition of a once-daily pre-dinner injection
of BIAsp 30 using a patient-directed insulin titration method on
the basis of SMBG levels according to a predetermined algo-
rithm can provide satisfactory reduction of HbA1c levels and flat
BG profiles from post-dinner to pre-breakfast in Japanese T2D
patients with failure of OAD therapies. Lower post-breakfast BG
excursions at baseline, shorter diabetes duration and younger
age might warrant optimal glycemic control, including daytime
postprandial BG profiles, with safety after this simple insulin ini-
tiating regimen.
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