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Evidences are accumulating that rigorous glycae-
mic control with intensive insulin therapy delays the 
progression of complications in both type 1 and type 
2 diabetes [1, 2].  Premix insulin analog is appropri-
ate for the initiation and titration treatment with insu-
lin to achieve the target of HbA1c in poorly controlled 
type 2 diabetic patients [3].  Using biphasic insulin 
aspart-70/30 (BIAsp 30), even once daily, may allow 
some patients to reach glycaemic targets with a degree 
of convenience and tolerability [4].  The 1-2-3 study 
showed the usefulness of step-up therapy with BIAsp 
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Abstract.  We have made step-up titration protocol with biphasic insulin aspart-70/30 (BIAsp 30), and tried to achieve 
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effectiveness of our protocol.  The target of glycaemic control was defined as HbA1c over 7.0 %.  In our insulin initiation 
protocol, all patients started a once-daily injection of BIAsp 30 before the breakfast in addition to their oral hypoglycaemic 
agents.  The patients who could not achieve the target from 12 to 16 weeks after the start of insulin treatment proceeded to 
twice daily insulin injection before breakfast and dinner.  Next, the patients who could not achieve the target from 12 to 16 
weeks after the addition of another BIAsp injection proceeded to thrice daily insulin injection before each meal a day.  The 
results of 39 patients were analyzed, and 10.3 % of all patients achieved the target after the start of once daily injection of 
BIAsp 30, 41.7 % achieved in twice daily injection of BIAsp, and 51.4 % achieved in thrice daily injection of BIAsp.  Daily 
insulin dose at the end of each treatment was 9.3±4.1 U in once daily, 17.4±6.3 U in twice daily, and 28.4±10.4 U in thrice 
daily.  Total body weight increase by 2.0±2.6 kg.  The initiation and titration protocol with BIAsp 30 improved glycaemic 
control, and increased the number of patients with the achievement of glycaemic goals. 
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30 in type 2 diabetic patients in the United States [5].  
Based upon this clinical study, we have made clinical 
protocol of step-up titration treatment with BIAsp in 
addition to oral anti-diabetic drugs (OADs) for poorly 
controlled type 2 diabetic patients in multiple hospitals 
and clinics in Gunma, and tried to improve glycaemic 
control and to achieve glycaemic goals by titration of 
BIAsp 30 as our routine clinical practice.  However, the 
issue whether this titration method is appropriate for 
the improvement of poorly controlled Japanese type 2 
diabetic patients has not been confirmed yet.  We sum-
marized the results obtained, and retrospectively ana-
lyzed the effectiveness of our protocol of step-up titra-
tion therapy with BIAsp in poorly controlled Japanese 
type 2 diabetic patients.
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symptoms, patients were taught to immediately take 
10-20 g sugars or glucose.  Severe hypoglycaemia in 
the study was defined as the patients could not manage 
hypoglycaemia by themselves alone, and needed help 
of other persons.

Data analysis
Data are expressed as mean±SD.  All data were ana-

lyzed by analysis of variance, followed by paired t-test for 
the comparison of repeatedly measured HbA1c levels.

Results

As shown in Table 1, 2 patients interrupted insu-
lin therapy within 12 weeks after the initiation, and 2 
patients did not give informed consent to the step-up 
to twice daily injection, 5 patients to thrice daily injec-
tion.  Fig. 2 showed cumulative percentage of patients 
who achieved the target of glycaemic control in each 
treatment period.  The 10.8 % of all patients achieved 

Subjects and Designs

Subjects
All subjects were poorly controlled out-patients with 

Japanese type 2 diabetes mellitus continuously visit-
ing to our hospitals and clinics in Gunma Prefecture, 
Japan.  Poorly glycaemic control was assessed by 
HbA1c > 8.0 %.  We analyzed the data obtained from 
39 patients who started to improve glycamic control 
by our step-up titration protocol with BIAsp injection 
from Jan 13, 2007, and finished follow-up by March 
31, 2010 (20 males and 19 females; age: 62.2±8.2 year-
old, BMI: 23.6±3.8 kg/m2).

Study
This is an observational study conducted with the 

Declaration of Helsinki and Good Clinical Practice 
guidelines in 5 separate hospitals and clinics in Gunma, 
Japan.  Insulin therapy was started based upon the 
informed consent of each patient.  Our clinical proto-
col by step-up titration with BIAsp was as shown in 
Fig. 1.  First, poorly controlled type 2 diabetic patients 
started a once-daily injection of BIAsp 30 before the 
breakfast in addition to their OADs regimen.  Although 
initial dose of insulin was defined as 0.05 U/kg, but an 
increase of insulin dose after initiation was basically 
left to the discretion of each physician, and the insulin 
dosage was increased by the decision of each physician 
to achieve the target of HbA1c below 7.0 %.  OADs 
continued after the start of insulin injection, but the 
dose of OAD may be reduced according to the decision 
of each physician.  The patients who could not achieve 
the target from 12 to 16 weeks after the start of insu-
lin treatment proceeded to twice daily insulin injection 
before breakfast and dinner according to the consent of 
each patient.  Next, the patients who could not achieve 
the target from 12 to 16 weeks after the addition of 
another BIAsp injection in the breakfast proceeded to 
thrice daily insulin injection before each meal a day 
according to the consent of each patient.  Data was col-
lected in the patients who did not give their consent to 
add another injection of BIAsp stopped data follow-up 
after the end of each period.  Finally, the data at 12 to 
16 weeks after the start of thrice daily insulin therapy 
was collected to analyze the data, besides the patients 
who rejected step-up of insulin injection.

On the initiation of insulin therapy, patients were 
taught how to recognize the signs and symptoms of 
hypoglycaemia.  When patients recognize the signs or 

Fig. 1	 Clinical protocol by step-up titration with BIAsp in the 
present study.

Fig. 2	 Cumulative percentage of patients who achieved HbA1c 
< 7.0 % in each treatment period with BIAsp insulin.  
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the target after the start of once daily injection of 
BIAsp, 41.7 % achieved by twice daily injection of 
BIAsp, and 51.4 % achieved by thrice daily injection 
of BIAsp.  There was no obvious difference in the per-
centage of achievement of the target among all physi-
cians.  Changes of HbA1c were shown in Fig. 3 in each 
treatment step, in which patients interrupted proceed-
ing to the next step-up titration of BIAsp injection.  In 
the patients who achieved the target by 16 weeks or 
rejected to proceed twice daily BIAsp insulin injection 
(“1”), HbA1c was reduced by 1.53 % for 3 months.  In 
the patients who achieved the target by 32 weeks or 
rejected to proceed thrice daily insulin injection (“1-2”), 
HbA1c was reduced by 1.73 % for 3 months, and 2.56 

% for 6 months.  Finally, in the patients who contin-
ued insulin injection by final step, thrice daily injection 
(“1-2-3”), HbA1c was reduced by 0.79 % for 3 months, 
1.62 % for 6 months, and 2.29 % for 9 months.  Initial 
HbA1c was lower in group “1” than “1-2-3”, although 
there was no statistical difference.

The average of daily insulin dose increased by 
9.3±4.1 U (0.16± 0.06 U/kg body weight) at the end 
of once daily injection period, 17.4±6.3 U (0.28±0.10 
U/kg body weight) of twice daily, and 28.4±10.4 U 
(0.45±0.17 U/kg body weight) of thrice daily (Table 
1).  One-way ANOVA revealed significant differences 
in both daily insulin doses and daily insulin doses per 
body weight in all patients.  In addition, daily insu-

Fig. 3 	 Change of HbA1c levels in the patients who finished step-up titration in each treatment period of our protocol.  1: patients who 
achieved the target by 16 weeks or rejected to proceed twice daily BIAsp insulin injection at the step of once daily (by 12-16 
weeks after the start of our protocol), 1-2: patients who achieved the target by 32 weeks or rejected to proceed thrice daily insulin 
injection at the step of twice daily (by 24-32 weeks after the start of our protocol), 1-2-3: patients who continued insulin injection 
by final step, thrice daily injection (by 36-48 weeks after the start of our protocol).  Data were analyzed by paired t-test for the 
comparison of HbA1c levels in each group.  *: p<0.02, **: P<0.005, ***: p<0.0001 vs. initial HbA1c in each group.

Table 1   Number of patients achieved target HbA1c and daily insulin doses in each treatment period.
once daily twice daily thrice daily 

Number of patients 39 31 15
Number of patients achieved target HbA1c < 7.0 % 4 (10.80%) 11 (35.50%) 4 (26.70%)
Number of patients dropped 2 2 5
All patients

Daily insulin doses (U)** 9.3 ± 4.1 17.4 ± 6.3 28.4 ± 10.4 
Daily insulin doses per body weight (U/kg body weight)** 0.16 ± 0.06 0.28 ± 0.10 0.45 ± 0.17 

Patients achieved target HbA1c
Daily insulin doses (U)* 6.8 ± 3.6 14.0 ± 4.3 23.0 ± 9.0 
Daily insulin doses per body weight (U/kg body weight)* 0.12 ± 0.05 0.24 ± 0.12 0.36 ± 0.12 

*: p<0.005, **: p<0.0001 analyzed by one-way ANOVA. 
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therapy should be necessary for achieving the target in 
poorly controlled type 2 diabetic patients.

Mean daily total insulin dose at the completion of 
each step was higher in the 1-2-3 study than present 
study; once daily; 0.60 U/kg body weight (1-2-3 study) 
vs. 0.16 U/kg body weight (present study), twice daily; 
1.15 U/kg body weight vs. 0.28 U/kg body weight, 
thrice daily; 1.53 U/kg body weight vs. 0.45 U/kg body 
weight.  Mean daily total insulin dose at the completion 
of each step in the present study was almost same as 
Sapporo 1-2-3 study; once daily; 9.3 U (present study) 
vs. 9.8 U (Sapporo 1-2-3 study), twice daily; 17.4 U 
vs. 19.3 U, thrice daily; 28.4 U vs. 26.2 U.  Patients 
needed higher insulin dose in the 1-2-3 study than in 
those two Japanese studies.  This may be attributable 
to the difference of insulin sensitivity in type 2 diabetic 
patients included in each study, because the average of 
BMI was obviously higher in the 1-2-3 study (34 kg/
m2) than present study (23.6 kg/m2) and Sapporo 1-2-3 
study (25.2 kg/m2), indicating the existence of insulin 
resistance in the patients recruited in the 1-2-3 study.  

As shown in 1-2-3 study and Sapporo 1-2-3 study, 
initiation of premix insulin injection before the din-
ner has a merit that it may supplement the lack of both 
postprandial and basal insulin secretion after the dinner 
by early morning, and keep adequate insulin concentra-
tions during the night.   However, it may be afraid that 
on starting insulin treatment, the initiation and titra-
tion of premix insulin injection before the dinner may 
increase the risk of nocturnal hypoglycemia by inter-
mediate acting insulin.  To avoid the risk of nocturnal 
hypoglycaemia from the initiation step, insulin ther-
apy was started in the morning once a day in our treat-
ment protocol, although clinical usefulness of the start 
of once daily BIAsp before the breakfast has not been 
well established yet.  By analyzing the present data, 
we could demonstrate the effectiveness of the start 
of step-up titration of BIAsp from once daily injec-
tion before the breakfast.  However, since the present 
results are not from randomized study, and this study 
did not compare the protocol with other insulin initia-
tion and titration protocols, the results obtained herein 
should be limited.  Further randomized study in larger 
population should be necessary to finally conclude the 
clinical usefulness of our insulin initiation and titration 
protocol in Japanese type 2 diabetic patients.

lin dose of patients achieved the target also increased 
from once daily to twice daily, thrice daily, as shown 
in Table 1.  One-way ANOVA also revealed significant 
differences in both daily insulin doses and daily insulin 
doses per body weight in those patients.  Daily insulin 
dose of patients achieved the target tended to be lower 
than all subjects included patients not achieved the tar-
get, although the differences were not statistically sig-
nificant in each period.  Those data indicate that the rea-
son why the patients failed to achieve the target was 
not due to the short of daily insulin dose.  Body weight 
increases by 2.0±3.1 kg at the end of the observation.  
In all patients started BIAsp titration therapy, no severe 
hypoglycaemia was observed in the daytime and night.

Discussion

The data obtained herein confirmed that our step-up 
titration protocol with BIAsp increased the number of 
patients achieved glycaemic control target in poorly 
controlled Japanese type 2 diabetic patients, and indi-
cated that step-up titration of BIAsp is useful for the 
glycaemic control in Japan as well as the United States 
[5].  However, cumulative percentage of patients who 
achieved target (HbA1c < 7.0 %) in the present study 
was obviously lower than in 1-2-3 study in the United 
State [5] (once daily; 11 % (present study) vs. 41 % 
(1-2-3 study), twice daily; 42 % vs. 70 %, thrice daily; 
51 % vs. 77 %).  Baseline HbA1c was obviously lower 
in the 1-2-3 study (9.6 % (present study) vs. 8.6 % 
(1-2-3 study)).  In addition, another step-up titration 
study of BIAsp, Sapporo 1-2-3 study, has recently 
reported in Japanese type 2 diabetic patients [6].  The 
comparison of cumulative percentage of patients who 
achieved target between present (7.0 %) and Sapporo 
1-2-3 (6.5 % (JDS)) study was as follows: once daily; 
11 % (present study) vs. 5 % (Sapporo 1-2-3 study), 
twice daily; 42 % vs. 21 %, thrice daily; 51 % vs. 28 
%), and baseline HbA1c of Sapporo 1-2-3 study was 
8.9 % (JDS).  One of the reasons why cumulative per-
centage of patients who achieved target was obviously 
higher in 1-2-3 study than both present and Sapporo 
1-2-3 studies may be due to the difference of baseline 
HbA1c on the initiation of insulin therapy.  The aver-
age of baseline HbA1c on the initiation of insulin ther-
apy has been shown to be over 9 % in Japan, as shown 
in DAWN JAPAN study.  Early initiation of insulin 
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