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Abstract

Background: The present study evaluated the efficacy of biphasic human insulin 30 (BHI 30) in type 2 diabetes
patients who had failed in therapy with two or more oral antidiabetes drugs (OADs).
Methods: This open-label, nonrandomized, 4-month, multicenter, clinical observational study was conducted in
Shanghai, China. A total of 660 insulin-naive type 2 diabetes patients with poor glycemic control (glycosylated
hemoglobin [HbA1c] ‡ 7.5%), despite treatment with two or more OADs for more than 6 months, were recruited
and received BHI 30 monotherapy or BHI 30 plus OAD(s) (metformin only, a-glucosidase inhibitor only, or both).
Results: Among the 660 subjects, 644 completed the 4-month study. At the end of the study, the median level of
HbA1c decreased by 2.0% (from 9.1% to 7.0%) in the BHI 30 monotherapy group and also 2.0% (from 9.5% to
7.3%) in the BHI 30 plus OAD group. More patients achieved the HbA1c < 7.0% target in the BHI 30 mono-
therapy group than in the BHI 30 plus OAD(s) group (47.9% vs. 35.3%, P = 0.002). Compared with the expenses
of the prior treatment strategy, the median daily cost decreased by 39.8% (4.5 yuan, Chinese RMB) at the end
point in the BHI 30 monotherapy group but increased by 20.0% (2.2 yuan) in the BHI 30 plus OAD(s) group
(P < 0.0001). Moreover, patients in the BHI 30 plus OAD(s) group had fewer minor hypoglycemic episodes than
in the BHI 30 monotherapy group (mean of 1.06 vs. 2.77 per patient per year, P < 0.0001).
Conclusions: Short-term BHI 30 therapy can improve glycemic control in insulin-naive type 2 diabetes patients
after failure of two or more OADs. With higher baseline glucose level, the BHI 30 plus OAD(s) group had lower
pharmacoeconomic efficacy than the BHI 30 monotherapy group despite having fewer hypoglycemia events.

Introduction

The maintenance of a near-normal glucose level re-
mains a cornerstone for the management of type 2 dia-

betes.1 However, as the disease progresses, islet b-cell
deterioration with subsequent decrease in endogenous insulin
production makes glycemic control gradually more difficult,
regardless of the initial hypoglycemic reagents used. There-
fore, exogenous insulin treatment is eventually required to
maintain a satisfactory glucose level.2

According to the International Diabetes Federation, insulin
therapy should be initiated when oral antidiabetes drug (OAD)
therapy can no longer maintain glycosylated hemoglobin
(HbA1c) at £ 7.5%.2 The European Diabetes Policy Group rec-

ommends that for the majority of type 2 diabetes patients,
premixed insulin should be applied upon initiating insulin
therapy.3 Premixed insulin accounts for more than 80% of in-
sulin used in both type 1 and type 2 diabetes worldwide.4

One of the most popular types of premixed insulin is bi-
phasic human insulin 30 (BHI 30), consisting 30% soluble
human insulin and 70% neutral protamine Hagedorn (NPH)
insulin. The 30% soluble portion is meant to mimic the
physiological pattern of postprandial insulin secretion,
wheres NPH supplies the basal insulin. Injection of BHI 30
half an hour before breakfast and dinner provides stable
glycemic control in type 2 diabetes patients.5–7

Despite its side effects (e.g., hypoglycemia and body weight
gain8), premixed human insulin is still considered a reasonable
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regimen for type 2 diabetes.9 In China, BHI 30 has been widely
applied for decades. In the present study, we investigated the
efficacy and comparative financial costs of BHI 30 as a
monotherapy versus in combination with OAD(s) in insulin-
naive type 2 diabetes patients when OADs had failed.

Subjects and Methods

Patients and research design

This open-label, nonrandomized, multicenter, 4-month
observational study was conducted from September 2007 to
April 2008. Twenty-two medical organizations in Shanghai,
China, participated, including eleven first-class hospitals,
eight second-class hospitals, and three third-class hospitals.

A total of 660 insulin-naive type 2 diabetes patients, rang-
ing from 30 to 75 years of age, were enrolled in the study with
the following inclusion criteria: (1) diabetes lasting more than
1 year, (2) HbA1c ‡ 7.5% after over 6 months of treatment
with two or more OADs, and (3) at least one of the OADs was
an insulin secretagogue. Patients were excluded if they had
type 1 or secondary diabetes or contraindications (such as
clinical signs of heart, kidney, or liver failure) for the drugs
used in this study. This study was approved by the local ethics
committee, and all patients provided written informed con-
sent before the study recruitment.

The glycemic level and other clinical characteristics of each
patient were assessed at baseline. Subjects were then allocated
by the clinicians to receive either BHI 30 monotherapy or BHI
30 plus OAD(s) for 4 months. As a nonrandomized clinical
observational study, whether the patients needed additional
OADs were decided by the physicians participating in the
study. Based on their experiences and common practice, the
prescription was individualized according to each subject’s
glucose level and concomitant diseases at baseline. The three
BHI 30 plus OAD(s) treatment groups included BHI 30 plus
metformin (MET), BHI 30 plus a-glucosidase inhibitor (AGI),
and BHI 30 plus MET and AGI. The daily BHI 30 dose of 20
units was distributed before breakfast and dinner. Each
physician made his or her own decision on the distribution of
the 20-unit insulin administration according to the fasting and
postprandial glucose level.

All patients were required to test their fasting and post-
prandial capillary blood glucose levels at least twice a week
at home or in the community health service centers. During
the initial 4 weeks, the patients visited their clinicians once a
week, and insulin dosage was titrated according to their
blood glucose records. All the individuals were asked to visit
the clinicians every 2 weeks from week 5. In addition, both
the fasting and 2-h postprandial plasma glucose (FPG and
2hPG, respectively) values were tested at baseline and the
end point.

Outcome measurements

The primary outcome was the improvement of HbA1c. The
HbA1c targets were set below 6.5% and 7.0%, according to the
criteria recommended by the American Diabetes Associa-
tion10 and International Diabetes Federation.11 Secondary
outcomes included FPG and 2hPG, body weight change, daily
insulin dose, and daily drug costs. The plasma glucose con-
centration was measured using a glucose oxidase method,
and HbA1c was measured by high-performance liquid chro-

matography at the clinical laboratory of each participating
center. All measurements met the Shanghai Center for Clinical
Laboratory criteria.

Safety measurements

The safety of BHI 30 treatment was evaluated by the fre-
quency of hypoglycemic events. A minor hypoglycemic epi-
sode was defined as an occurrence where the patient could be
self-treated with a blood glucose value < 3.1 mmol/L, with or
without sympathetic activation symptoms. A major hypo-
glycemic event was defined as neurological symptoms con-
sistent with hypoglycemia requiring assistance and either a
plasma glucose value < 3.1 mmol/L or reversal of symptoms
after food intake, intravenous glucose, or glucagon.12

Cost assessment

The prevailing retail prices were adopted to evaluate the
daily costs of hypoglycemic drugs at the time when the study
was conducted. The change in daily hypoglycemic drug costs
equals daily drug costs at the end of the study minus that of
the prior treatment. The costs of diabetes complications were
not included.

Statistical analysis

All continuous variables were tested for parametric distri-
bution by Kolmogorov–Smimov normality test. Normally
distributed variables were expressed as mean – SD values.
One-way analysis of variance was used to test the significance
of difference in means for multiple groups, paired-samples t
test for individuals before–after comparison, and independent-
samples t test for two groups. Skewed variables were
expressed as median (interquartile range). The Mann–
Whitney U test was used for two groups, and the Wilcoxon test
was used for each individual’s before–after comparison. The v2

test was used in the analysis of stratified categorical data. An
analysis of univariate general linear model was conducted to
test the mean changes of outcome variables among the differ-
ent treatment groups adjusted by the corresponding variables
as the covariates. According to the range of HbA1c level from
baseline to the end point, we divided the HbA1c level into
multiple ranks (from the lowest to the highest) with intervals of
1%. Then the frequencies of the patients with different ranks of
HbA1c were sorted out in a rows (baseline and end
point) · columns (ranks) table. The v2 test was used to analyze
the difference of frequency distribution from baseline to the
end of the study. A P value of < 0.05 (two-tailed) was consid-
ered statistically significant. All the data were analyzed using
Statistical Package for the Social Sciences software, version 16.0
(SPSS, Chicago, IL).

Results

Of 660 participants enrolled, 644 (97.6%) completed the 4-
month follow-up study. Among the 16 patients who with-
drew, 6 were dropped for noncompliance, and 10 were lost to
follow-up.

Baseline characteristics of participants

The participants’ characteristics by treatment group are
shown in Table 1. The median (range) ages and diabetes
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durations for all subjects were 61.9 (52.9, 71.6) years and 7.0
(3.9, 10.8) years, respectively. All patients were assigned to a
treatment group: 409 in the BHI 30 monotherapy group and
235 in the BHI 30 plus OAD(s) groups. Of the latter 235 who
received both BHI 30 and OAD(s), 160 received one OAD only
(92 with MET and 68 with AGI), and 75 were administered
both MET and AGI.

The percentages of men in the three treatment arms of BHI
30 monotherapy, BHI 30 plus one OAD, and BHI 30 plus two
OADs, were 49.6%, 61.9%, and 45.3%, respectively (P = 0.014
for among the three treatment groups). At the beginning of the
study, median HbA1c levels in the three groups of BHI 30
monotherapy, BHI 30 plus one OAD, and BHI 30 plus two
OADs were 9.1%, 9.2%, and 9.8% (P = 0.007), respectively, and
the respective FPG levels were 9.0 mmol/L, 10.0 mmol/L, and
9.8 mmol/L (P = 0.001). Compared with the treatment arms
that included OAD(s), the BHI 30 monotherapy arm had the
lowest HbA1c (P = 0.011) and FPG (P = 0.003) levels. Accord-
ingly, the percentage of subjects who had HbA1c ‡ 9.0% was
also the lowest in the BHI 30 monotherapy arm compared
with the BHI 30 plus one OAD and the BHI 30 plus two OADs
groups (52.1%, 58.1%, and 66.7%, respectively; P = 0.046).
There were no significant differences in body weight or body
mass index among the three treatment arms.

Glycemic control and daily insulin dose

After the 4-month therapy, the overall median HbA1c,
FPG, and 2hPG decreased from 9.2% to 7.0%, 9.4 mmol/L to
6.8 mmol/L, and 14.7 mmol/L to 8.9 mmol/L, respectively
(all P < 0.0001; Fig. 1). The frequency distribution of the
HbA1c levels significantly improved at the end of the study
after BHI 30 therapy, with or without OAD(s) (P < 0.0001; Fig.
2). HbA1c levels significantly decreased from 9.1% to 7.0% in
the BHI 30 monotherapy group and from 9.5% to 7.3% in the
BHI 30 plus OAD(s) group. FPG levels significantly decreased
from 9.0 mmol/L to 6.7 mmol/L in the BHI 30 monotherapy
group and from 10.0 mmol/L to 7.1 mmol/L in the BHI 30
plus OAD(s) group. Significant improvements in 2hPG were
also observed in both of these treatment arms: 14.3 mmol/L to
8.6 mmol/L in the BHI 30 monotherapy group and

15.3 mmol/L to 9.6 mmol/L in the BHI 30 plus OAD(s) group
(Table 2).

The overall percentage of patients with HbA1c < 9.0% at
baseline who had reached the HbA1c < 7.0% target was
greater than those with HbA1c ‡ 9.0% (56.6 vs. 31.2%,
P < 0.0001). The probability that patients that would reach the
HbA1c < 7.0% target was 1.7 times higher in those with
HbA1c < 9.0% at baseline compared with those with HbA1c
‡ 9.0% (odds ratio, 2.70; 95% confidence interval, 1.96–3.72;
P < 0.0001).

There was no significant difference in the median daily BHI
30 dosage (30.0 IU vs. 30.0 IU, P = 0.304) between the BHI 30
monotherapy group and the BHI plus OAD(s) group at the
end of the study.

Comparison in glucose improvements between the BHI 30
monotherapy and BHI 30 plus OAD(s) groups was shown in
Figure 3. After adjustment by the baseline level of HbA1c,

Table 1. Patient Characteristics at Enrollment

Total
(n = 644)

BHI 30 monotherapy
(n = 409)

BHI 30 plus one OAD
(n = 160)

BHI 30 plus two OADs
(n = 75)

P
value

Gender, male (%) 336 (52.2) 203 (49.6) 99 (61.9)a 34 (45.3) 0.014
Age (years) 61.9 (52.9, 71.6) 61.9 (52.7, 71.4) 61.0 (53.0, 71.3) 63.8 (53.4, 73.5) 0.332
Duration of diabetes (years) 7.0 (3.9, 10.8) 6.7 (3.7, 10.2) 7.7 (4.6, 11.5) 8.0 (4.3, 11.4) 0.029
BMI (kg/m2) 24.3 (22.4, 26.7) 24.5 (22.5, 26.8) 24.1 (22.1, 26.3) 24.6 (22.8, 26.6) 0.455
Weight (kg) 65.8 (60.0, 74.0) 65.0 (60.0, 74.0) 65.0 (60.0, 73.0) 67.0 (60.0,74.3) 0.557
HbA1c (%) 9.2 (8.2, 10.6) 9.1 (8.1, 10.3) 9.2 (8.3, 10.7) 9.8 (8.5, 11.0)b 0.007
FPG (mmol/L) 9.4 (8.0, 11.6) 9.0 (7.9, 11.1) 10.0 (8.5, 12.7)c 9.8 (8.7, 12.1)d 0.001
2hPG (mmol/L) 14.7 (12.0, 18.0) 14.3 (11.5, 18.0) 15.1 (12.4, 18.0) 15.3 (12.8, 17.9) 0.149
HbA1c ‡ 9.0% (%) 356 (55.3) 213 (52.1) 93 (58.1) 50 (66.7) 0.046

Data are presented as median (interquartile range) for non-normally distributed variables and n (%) for categorical variables, unless
specified otherwise.

P value for difference comparison among the three groups: aP < 0.05 (the BHI 30 plus one OAD group vs. the BHI 30 monotherapy group);
bP < 0.01 (the BHI 30 plus two OADs group vs. the BHI 30 monotherapy group); cP < 0.01 (the BHI 30 plus one OAD group vs. the BHI 30
monotherapy group); dP < 0.05 (the BHI 30 plus two OADs group vs. the BHI 30 monotherapy group).

BHI, biphasic human insulin 30; BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; 2hPG, 2-h
postprandial plasma glucose; OAD, oral antidiabetes drug.

FIG. 1. Overall improvements of glycosylated hemoglobin
(HbA1c), fasting plasma glucose (FPG), and 2-h postprandial
plasma glucose (2hPG) from baseline to end point were all
significant using Wilcoxon’s test (paired samples). All
P < 0.0001. Data are median (interquartile range) values.
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FPG, 2hPG, age, sex, diabetes duration, and body mass index,
from the beginning to the end of the study, the changes in
HbA1c (mean – SE, - 2.57 – 0.04% vs. - 2.26 – 0.06%), FPG
(mean – SE, - 3.27 – 0.06 vs. - 2.80 – 0.08 mmol/L), and 2hPG
(mean – SE, - 6.20 – 0.10 vs. - 5.43 – 0.13 mmol/L) were sig-
nificantly larger in the BHI monotherapy group than those in
the group administered BHI plus OAD(s) (all P < 0.0001).

More patients achieved the HbA1c < 7.0% target level in the
BHI 30 monotherapy group than in the BHI 30 plus OAD(s)
group (47.9% vs. 35.3%, P = 0.002), despite the similar total
daily BHI 30 dosage at the end of the study. However, there
was no difference in the proportion of subjects who achieved
HbA1c < 6.5% between the two groups (17.1% vs. 11.9%,
P = 0.077).

FIG. 2. The distribution of the frequencies of the different glycosylated hemoglobin (HbA1c) levels of all the patients was
compared using a nonparametric v2 test and found to be different from baseline to end point (P < 0.0001).

Table 2. Changes in Glucose Parameters, Body Weight, and Daily Cost from Baseline

to the End Point with Two Different Treatments

Baseline End point Change P valuea

BHI 30-monotherapy (n = 409)
HbA1c (%) 9.1 (8.1, 10.3) 7.0 (6.6, 7.4) - 2.0 ( - 3.3, - 1.2) < 0.0001
FPG (mmol/L) 9.0 (7.9, 11.1) 6.7 (5.9, 7.4) - 2.5 ( - 4.3, - 1.2) < 0.0001
2hPG (mmol/L) 14.3 (11.5, 18.0) 8.6 (7.9, 10.1) - 5.2 ( - 8.5, - 2.6) < 0.0001
HbA1c [n (%)]

‡ 9.0% 213 (52.1) 12 (2.9) NA < 0.0001
< 7.0% NA 196 (47.9) NA NA
< 6.5% NA 70 (17.1) NA NA

Weight (kg) 65.0 (60.0, 74.0) 66.0 (60.0, 74.0) 0.2 ( - 0.5, 1.0) 0.004
Daily cost of therapy (RMB) 11.3 (7.1, 15.9) 6.3 (5.0, 8.0) - 4.5 ( - 9.4, 0.1) < 0.0001
Daily BHI 30 dose (IU/day) NA 30.0 (24.0, 38.0) NA NA

BHI 30 plus OAD(s) (n = 235)
HbA1c (%) 9.5 (8.4, 10.5) 7.3 (6.8, 7.9) - 2.0 ( - 3.4, - 1.3) < 0.0001
FPG (mmol/L) 10.0 (8.6, 12.5) 7.1 (6.3, 8.1) - 2.7 ( - 4.8, - 1.4) < 0.0001
2hPG (mmol/L) 15.3 (12.5, 18.0) 9.6 (8.2, 10.8) - 5.2 ( - 8.0, - 2.8) < 0.0001
HbA1c [n (%)]

‡ 9.0% 143 (60.9) 19 (8.1) NA 0.002
< 7.0% NA 83 (35.3) NA NA
< 6.5% NA 28 (11.9) NA NA

Weight (kg) 66.0 (60.0, 73.0) 66.0 (60.0, 73.0) 0.0 ( - 1.0, 1.0) 0.485
Daily cost of therapy (RMB) 11.0 (7.2, 14.9) 12.2 (8.5, 15.8) 2.2 ( - 4.2, 7.3) 0.002
Daily BHI 30 dose (IU/day) NA 30.0 (24.0, 38.0) NA NA

Data are presented as median (interquartile range) for non-normally distributed variables and n (%) for categorical variables, unless
specified otherwise.

aP value for the difference between baseline and end point tested by Wilcoxon signed ranks test.
BHI, biphasic human insulin 30; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; 2hPG, 2-h postprandial plasma glucose;

NA, not applicable; OAD, oral antidiabetes drug.
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Cost-effectiveness

Compared with the total daily costs of more than two OADs
administered before the study, the overall daily hypoglycemic
drug cost per person was reduced by 2.8 yuan (from 11.9 yuan
to 9.0 yuan, P < 0.0001) at the end of the study. In the BHI 30
monotherapy group, the median costs per person per day de-
creased by 39.8% (from 11.3 to 6.3 yuan, P < 0.0001), but they
increased by 20.0% (from 11.0 to 12.2 yuan, P = 0.002) in the BHI
30 plus OAD(s) group simultaneously. After adjustment by
age, diabetes duration, baseline HbA1c, and weight at the end
point, the daily cost to reduce per 1% HbA1c was less in the BHI
30 monotherapy group than in the BHI 30 plus OAD(s) group
(mean – SE, 4.0 – 0.6 yuan vs. 9.8 – 0.9 yuan, P < 0.0001.)

Safety

One hundred eighteen of the 409 patients (28.8%) receiving
BHI 30 monotherapy and 78 of the 235 patients (23.5%) re-
ceiving BHI 30 plus OAD(s) experienced at least one hypogly-

cemic event (P = 0.717). During the 16-week study, the rate of
minor hypoglycemic events per patient per year was 2.77 in the
BHI 30 monotherapy group and 1.06 in the BHI 30 plus OAD(s)
group (P < 0.0001). The rate of hypoglycemic events with
symptoms only (without confirmed blood glucose reading) was
0.78 per patient per year in both treatment groups. Major events
occurred only twice in the BHI 30 monotherapy group.

Body weight changes

At the end of the study, the body weight increased by 0.2 kg
in the BHI 30 monotherapy group (P = 0.004) but did not
change in the BHI 30 plus OAD(s) group (P = 0.485) (Table 2).
The percentage of the patients losing weight was higher in the
BHI 30 plus OAD(s) group than in the BHI 30 monotherapy
group (32.8% vs. 25.2%, P = 0.039).

Discussion

This 4-month study showed that a twice-daily injection of
BHI 30 either with or without OAD(s) was effective in
achieving optimal glycemic control in those type 2 diabetes
patients who had previously failed in oral antidiabetes ther-
apy. Using changes from the baseline as a reference, the gly-
cemic control was worse in those patients administered both
BHI 30 and at least one OAD than in those receiving only BHI
30. Our results also showed that achieving the target glycemic
level was more difficult in those subjects with poorer glycemic
control at baseline.

At the end of our study, the median HbA1c of the BHI 30
monotherapy group was reduced by 2.0% (from 9.1% to 7.0%),
and about 47.9% of subjects reached HbA1c < 7.0% with me-
dian daily insulin dosage of 30.0 IU per person. Although our
results for the reduction of HbA1c and the percentage of the
patients who achieved HbA1c level £ 7% looked better than the
results reported by Janka et al.,13 there were several differences
between these two studies. The baseline weight was heavier
(85.1 kg) in the previous study than in ours (66.9 kg). Therefore,
at the end of the study, the daily insulin dose was more in the
study of Janka et al.13 (64.5 IU/day) than in ours (31.7 IU/day).
Because the level of baseline HbA1c in the previous study (8.8%)
was lower than that in ours (9.5%), at the end of the study the
reduction in HbA1c was less in the study of Janka et al.13

(- 1.31%) than in ours (- 2.0%), and the percentage of the pa-
tients who reached the target of HbA1c < 7.0% was lower in the
previous study (39%) than in ours (47.9%). All these differences
were explainable according to the characteristics of the patients
in the two studies. Despite all the difference between the two
studies, we can still draw the conclusion that the HbA1c can be
improved after initiating biphasic human insulin therapy. Our
data also showed that about 35.3% of subjects reached the gly-
cemic target of HbA1c < 7.0% in the BHI 30 plus OAD(s) group,
with a 2.0% reduction (from 9.5% to 7.3%) of median HbA1c
(median daily insulin dosage = 30.0 IU per person). This obser-
vation approached the results reported by Schwartz et al.,14 who
found the HbA1c reduction was 1.96% and that 32% of subjects
achieved the same target after treatment with BHI 30 (62.98 IU
per day per person) plus MET for 24 weeks.

Body weight gain is one of the major side effects of insulin
therapy. We observed only a slight body weight gain in those
subjects treated with BHI 30 monotherapy (change in body
weight = 0.2 kg, P = 0.004). In the group receiving both BHI 30
and OAD(s), body weights did not significantly change. The
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FIG. 3. (A) Comparison of mean changes in glycemic indices
from baseline to end point between the two treatment groups.
After adjustment for age, sex, baseline glycosylated hemo-
globin (HbA1c), fasting plasma glucose (FPG), 2-h postpran-
dial plasma glucose (2hPG), and body mass index, mean
changes of HbA1c, FPG, and 2hPG were significantly different
in the biphasic human insulin 30 (BHI 30) monotherapy group
compared with the BHI 30 plus oral antidiabetes drug(s)
[OAD(s)] group. Data are mean – SE values. (B) At the end of
the study, there was a greater percentage of subjects achieving
the HbA1c target of < 7.0% in the BHI 30 monotherapy group
than in the BHI plus OAD(s) group. There was no significant
difference in the percentage of subjects who achieved HbA1c
of < 6.5%. *P < 0.0001, **P < 0.01.
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percentage of patients losing weight was higher in the BHI 30
plus OAD(s) group than in the BHI 30 monotherapy group
(32.8% vs. 25.2%, P = 0.039). In clinical practice, MET is one of
the most widely used regimens in both obese15 and non-
obese16 type 2 diabetes patients as a monotherapy or in
combination with insulin, because of its ability to ameliorate
insulin resistance16 and the potential effect of weight loss.
However, some studies have documented that MET induced
weight loss only when its daily dosage reached 2,000–
3,000 mg.16,17 In our study, the body weight change in those
patients receiving a mean MET dosage of 1,260 – 408 mg/day
did not reach statistical significance. Besides the pharmaco-
dynamics of MET, the synergistic effects of delayed gastric
emptying and appetite inhibition caused by combined AGI
and MET may also have offset the weight gain of insulin.

Drug cost is an important factor in treatment decision.
When a patient is treated with two or more classes of OADs,
the side effects, complex drug titration, and drug costs should
be considered. In our study, the overall median daily costs of
drugs decreased by 2.7 yuan (from 11.2 yuan to 7.6 yuan,
P < 0.0001, data not shown). Of all 644 patients, 63.5% re-
ceiving BHI 30 alone saved 45% in daily costs compared with
the prior treatment, but the remaining 36.5% of patients in the
BHI 30 plus OAD(s) group spent an extra 16% in daily costs.
The results of the 4T Study showed that the insulin require-
ments increased during the first 3 years of insulin introduc-
tion, and therefore daily cost may increase.18 In the present
study, although the daily cost of insulin in the BHI 30
monotherapy group decreased during the short follow-up
period, the antidiabetes medicine expense may increase with
the increment of insulin dosage in the future.

The unpredictable nature of hypoglycemia and its conse-
quences remain the most undesirable side effect of the treat-
ment with insulin.19 The fear of hypoglycemia remains a
serious problem for both patients and physicians when initi-
ating insulin therapy. It has been reported by Janka et al.13

that the probabilities of overall and symptomatic hypoglyce-
mic events induced by BHI 30 were 9.87 and 5.73 occurrences
per patient per year, respectively, and the rate of severe hy-
poglycemic events was 0.05 per patient per year with the
mean daily dose of 64.5 IU of insulin. In our study, the fre-
quency of the hypoglycemic events was lower than in the
study of Janka et al.13 because of the lower daily insulin
dosage. Although the percentage of the patients with hypo-
glycemic events between the two groups was not different,
the rate of minor hypoglycemic episodes (2.77 vs. 1.06 per
person per year, P < 0.0001) was higher in the BHI 30 mono-
therapy group than in the BHI 30 plus OAD(s) group. The
higher percentage of patients attaining the HbA1c < 7.0%
target may be the major reason of this result. The duration of
insulin treatment is a key predictor of hypoglycemia in insu-
lin-treated type 2 diabetes as reported by Donnelly et al.19

(odds ratio, 1.06, 95% confidence interval, 1.01–1.11;
P = 0.014). Therefore, a long-term investigation is required to
assess the risk of hypoglycemia events.

Because the present study was a short-term follow-up clin-
ical study, the effects of long-term glycemic control, chronic
complication prevention, and quality of life in those adminis-
tered BHI 30 should be further evaluated. In summary, a twice-
daily regimen of BHI 30, either with or without OAD(s),
appeared to be an effective therapy for insulin-naive subjects
with type 2 diabetes for whom two or more OADs had failed.

With higher baseline glucose level, the BHI 30 plus OAD(s)
group had lower cost-effectiveness than the BHI 30 mono-
therapy group despite the lower frequency of hypoglycemia.
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