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Abstract: Humalog Mix 75/25 insulin analog is widely used in the People’s Republic of China
to treat type 2 diabetes mellitus, but the Humalog Mix 50/50 analog is not as yet widely used or
assessed. The purpose of this 12-week, parallel-group, randomized, treat-to-target study was to
evaluate the difference in clinical efficacy, safety, and outcome of treatment between Humalog
Mix 50/50 and Humalog Mix 75/25 analogs in Chinese patients with type 2 diabetes mellitus.
In total, 146 insulin-naive patients with type 2 diabetes mellitus and aged 18-75 years were
randomized and treated twice a day with either Humalog Mix 50/50 (group A) or Humalog
Mix 75/25 (group B). We monitored levels of fasting blood glucose, 2-hour postprandial blood
glucose, and glycosylated hemoglobin (HbA, ) in patients in both groups prior to and 3 months
post treatment, the average time to achieve target blood glucose level, and frequency of hypo-
glycemic episodes during treatment. We found that group A showed better glycemic control as
per fasting blood glucose and 2-hour postprandial blood glucose than group B. Moreover, HbA |
levels in group A (5.5%=*1.4%) were lower by 1.0%%0.1% (P<<0.05) compared with those in
group B (6.5%=*1.5%). The time to achieve glucose control was shorter (P<<0.05) in group A
(12.613.6 days) than in group B (22.314.7 days). Regarding safety, no significant adverse events
or severe hypoglycemia on treatment was observed in either group. Additionally, the 1:1 ratio
of Humalog Mix 50/50 showed a trend towards fewer episodes of nocturnal hypoglycemia.
Thus, compared with Humalog Mix 75/25, the high-proportion premix insulin analog, Humalog
Mix 50/50 showed better glycemic control, achieved target blood glucose levels more rapidly
and without an increase in hypoglycemic episodes in Chinese type 2 diabetic individuals and
is recommended for use in clinical practice.

Keywords: type 2 diabetes mellitus, Chinese type 2 diabetics, Humalog Mix 50/50, Humalog
Mix 75/25, premixed insulin lispro 50/50, premixed insulin lispro 75/25

Introduction
Regional analysis by the International Diabetes Federation portrays South-East Asia
as having approximately 72.1 million of the 382 million people affected by diabetes
around the world, with a global projection of a 71% increase by 2035.! More specifi-
cally, the People’s Republic of China has been rated first among the top ten countries/
territories with the highest number of diabetes patients aged 20—79 years in 2013,
representing approximately 98.4 million people.! The other top ten countries after the
People’s Republic of China include India, the USA, Brazil, Russia, Mexico, Indonesia,
Germany, Egypt, and Japan.'

Insulin is an effective treatment for lowering abnormal blood glucose levels and
can also postpone the development of insulin resistance.? A good understanding of the
physiology and pharmacokinetics of insulin will ensure a better treatment outcome.
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When compared with human premixed insulin, premixed
insulin analogs can provide better glucose control in both
postprandial and fasting hyperglycemia, as well as a lower risk
of hypoglycemia.’* Moreover, premixed analogs are absorbed
more rapidly than human premixed insulin, which allows their
use just before a meal or within 15 minutes after a meal, ulti-
mately leading to better compliance on the part of patients.*

Humalog Mix 75/25 is a low-proportion, premixed ana-
log containing 25% lispro insulin (rapid-acting) and 75%
lispro-protamine insulin (longer-acting). On the other hand,
Humalog Mix 50/50 is a high-proportion, premixed insulin
containing 50% lispro insulin and 50% lispro-protamine
insulin. The rapid-acting lispro insulin in Humalog provides
good postprandial glycemic control while the longer-acting
lispro protamine supplies insulin during fasting.’ Both pre-
mixed insulin analogs are effective and safe in the long-term
treatment of patients with type 2 diabetes mellitus.>

According to a study conducted in the USA, Humalog
Mix 50/50 and Humalog Mix 75/25 are equipotent in target-
ing overall glycemic control and postprandial glycemic con-
trol. Also, they both cause less nocturnal hypoglycemia.® The
efficacy outcome of Humalog Mix 75/25 given twice daily is
well documented in Chinese patients with type 2 diabetes;’
however, use of Humalog Mix 50/50 in Chinese patients is
not as well understood.

This 12-week, parallel-group, randomized, treat-to-
target study was done to test the hypothesis that twice-daily
Humalog Mix 50/50 is superior to Humalog Mix 75/25 in
lowering blood glucose levels among Chinese patients with
diabetes. If so, Humalog Mix 50/50 will provide an alterna-
tive to existing treatment modalities for improving the rate
of blood glucose control in type 2 diabetic patients in the
People’s Republic of China.

Materials and methods

Inclusion and exclusion criteria

A total of 146 patients out of 200 with type 2 diabetes (Figure
1) were included in this study between January and March
2014 on the basis of the World Health Organization diagnostic
criteria for diabetes.® Male and female patients aged 18-75
years with a body mass index =32 kg/m? and who had previ-
ously received one or more oral antidiabetic drugs for at least 3
months with poor glycemic control (fasting blood glucose =7.8
mmol/L; glycosylated hemoglobin [HbA, ] =7.5%) before
randomization were included. Patients had not received insulin
therapy prior to the study. No patients received treatments that
interfered with glucose metabolism or had any condition that
would interfere with study participation or evaluation of the

results. Patients with type 1 diabetes or gestational diabetes,
those aged younger than 18 years or older than 75 years, those
with a body mass index >32 kg/m?, drug-naive or previously
insulin-treated patients, those with fair glycemic control (fast-
ing blood glucose [FBG] <7.8 mmol/L; HbA <7.5%), and
those with severe diseases such as anemia, kidney disease, or
liver disease were excluded from the study.

Participants

A total of 146 insulin-naive patients with type 2 diabetes mel-
litus discontinued all oral antidiabetic drugs (including met-
formin, acarbose, and sulfonylureas) and were randomized
to receive either Humalog Mix 50/50 (group A) or Humalog
Mix 75/25 (group B). Each group included 73 cases. The
patient characteristics of each group are listed in Table 1.
There was no statistically significant difference between the
two groups in terms of sex, age, body mass index, disecase
duration, baseline FBG, 2-hour postprandial blood glucose
(P2hBG), or HbA (P>0.05).

Treatment

Patients in groups A and B were given subcutaneous injec-
tions of either Humalog Mix 50/50 or Humalog Mix 75/25,
respectively, twice a day for 12 weeks. Both drugs are pro-
duced by Eli Lilly Company (Indianapolis, IN, USA). All
patients discontinued their previous oral antidiabetic drugs
at randomization with no wash-out period. Patients in both
groups received similar suggestions from the investigators
with regard to food intake and lifestyle.

For this study, insulin doses were initiated at 0.4 U/kg
and divided equally in the morning and evening (immediately
before breakfast and dinner). Later, the dosage was adjusted
according to the patient’s blood glucose levels. A titration
algorithm similar to that used in a previous study of insulin

Table | Patient characteristics in each group

Group A Group B
Number of patients (of 146 total) 73 73
Number of males/females 38/35 40/33
Age range (years) 39-72 45-76
Mean * SD age (years) 57.8+2.2 59.2+2.5
Mean BMI 24.83 2479
Duration of illness range (years) 1-14 3-15
Mean =+ SD duration of illness (years) 5.6x1.5 5.8+1.7
Mean + SD pre-treatment FBG (mmol/L) 8.9+1.8 8.7+1.7
Mean * SD pre-treatment P2hBG (mmol/L) 11.7+1.8 11.6+1.8
Mean * SD pre-treatment HbA _ (%) 9.7+1.5 10.1£1.6

Abbreviations: BMI, body mass index; FBG, fasting blood glucose; HbA , glyco-
sylated hemoglobin; P2hBG, 2-hour postprandial blood glucose; SD, standard
deviation.
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Table 2 Insulin dose titration algorithm

Range of FBG or pre-dinner SMBG
(mg/dL) (mmol/L)

Insulin dose adjustment

<80 <44 -2U
80-110 4.4-6.1 -

111-140 6.2-7.8 +2U
141-180 7.83-10 +4 U
>180 >10 +6 U

Abbreviations: SMBG, self-monitoring of blood glucose; FBG, fasting blood glucose.

therapy in type 2 diabetes was adopted.’ Either FBG or equiva-
lent pre-dinner self-measured blood glucose values were used
to calculate adjustments of dosage (see Table 2).

Parameters

We monitored FBG, P2hBG, and HbA | _levels in both groups
prior to and post treatment. FBG and P2hBG levels were
evaluated using the glucose oxidase method and HbA | levels
were assessed by high performance liquid chromatography.
We also recorded the average time taken to achieve blood
glucose control (defined as FBG and pre-dinner blood glucose
targets of 4.4 to 6.1 mmol/L)."°

Episodes of hypoglycemia (including major, minor,
and nocturnal hypoglycemia) were recorded during the
study. Major hypoglycemia was defined as an episode with
neurological symptoms consistent with hypoglycemia that
could not be self-treated by the patient. Minor hypoglycemia
was defined as episodes that were self-treated and with a
confirmed blood glucose reading =3.9 mmol/L."° Noctur-
nal hypoglycemia was reported by the patient when she/he
experienced hypoglycemic symptoms during night.

Insulin dose and weight gain were also assessed at the end
of the trial. Adverse events were recorded throughout the study.
Standard laboratory parameters such as blood routine (including
blood counts, hemoglobin percentage, erythrocyte sedimentation
rate) were evaluated at the beginning and end of the study.

Statistical analysis
We used Statistical Package for the Social Sciences version
16.0 software (SPSS Inc, Chicago, IL, USA) to analyze the

data. The quantitative data are expressed as the mean * stan-
dard deviation. The comparison between groups was done
using the chi-square test, with a difference being regarded
as statistically significant at £<<0.05.

Results

Efficacy

After treatment, FBG, P2hBG, and HbA  levels decreased
significantly in both groups (see Table 3) and the difference
between pre-treatment and post-treatment levels in each
group was statistically significant (P<<0.05). The mean
changes in FBG (2.6 mmol/L), P2hBG (-4.2 mmol/L),
and HbA  (—4.2%) in group A were significantly larger
than those in FBG (—1.1 mmol/L), P2hBG (-2.0 mmol/L),
and HbA  (-3.6%) in group B, respectively, (P<<0.05; see
Table 3). The average time taken to reach glycemic target by
group A (12.613.6 days) was significantly (P<<0.05) shorter
than that of group B (22.314.7 days).

Hypoglycemia

During the treatment, five cases (five events) in group A
and four cases (six events, two of which were nocturnal) in
group B had minor hypoglycemic episodes (see Table 4).
There was no significant difference between the two groups.
No major hypoglycemic episodes were experienced by any
patient in either group.

Insulin dose and weight gain

At the end of the study, there was no significant differ-
ence in the total daily insulin dose between the two groups
(0.8440.31 U/kg for group A and 0.8710.27 U/kg for group B,
P=0.17, see Table 5). The 1:1 split of the total insulin
daily dose initiated at the start of the trial was maintained
throughout the study (pre-breakfast and pre-dinner doses
in group A were 0.45+0.14 and 0.4710.16 units/kg and in
group B were 0.4610.15 and 0.48+0.17 U/kg, respectively;
see Table 5). Weight increased significantly in both treat-
ment groups. In group A, the increase was 1.92+0.31 kg
(95% confidence interval 2.124-3.865) and in group B
was 2.0320.29 kg ( 95% confidence interval 2.358-3.493).

Table 3 FBG, P2hBG, and HbA _ levels prior to and after treatment in the two groups

FBG (mmol/L) P2hBG (mmol/L) HbA  _ (%)

Pre-treatment Post-treatment Pre-treatment Post-treatment Pre-treatment Post-treatment
Group A 8.9+1.8 6.311.3%A 11.7£1.8 7.5+1.3*A 9.7+1.5 5.5+1.4*A
Group B 8.7t1.7 7.6£1.5 11.6£1.8 9.6x1.5 10.1x1.6 6.5%1.5

Notes: Data are shown as the mean + standard deviation. *Statistically significant (compared with pre-treatment), P<0.05. A indicates statistical significance compared with

group B, P<0.05.

Abbreviations: FBG, fasting blood glucose; HbA , glycosylated hemoglobin; P2hBG, 2-hour postprandial blood glucose.
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Table 4 Hypoglycemia

Humalog Mix 50/50 Humalog Mix 75/25

n (%) Event n (%) Event
Number 7 3 7 3
Minor 5 (6.84%) 5 4 (5.48%) 6
Major 0 0
Nocturnal 0 2 (2.74%) 2

There was no significant difference in weight gain between
the two groups.

Other safety parameters

No other adverse events were noted in the two groups. The
laboratory results for blood chemistry and hematology
at the end of the trial were similar to those at baseline in
both groups.

Discussion

Type 2 diabetes mellitus occurs only when the body does
not produce enough insulin due to insulin resistance.' To
overcome the deficit in insulin and to control the glycemic
level, exogenous insulin is the best possible treatment when
compared with other hypoglycemic agents.!! Different
forms of insulin analogs are available for the treatment of
diabetes. Premixed insulin analogs are considered effective
for treatment of type 2 diabetes. They can be given singly or
combined with other hypoglycemic agents.'? Patients treated
with the premixed insulin analogs Humalog Mix 75/25 or
50/50 twice daily are found to achieve glycemic targets
of HbA  more rapidly than patients on basal analogs."
A recent study® of type 2 diabetes mellitus patients in the
People’s Republic of China showed that when fasting
hyperglycemia is prevalent a premixed analog with more
basal insulin (such as Humalog Mix 75/25) may be more
appropriate, and that when postprandial hyperglycemia is
prevalent, a premixed analog with more rapid-acting insulin
(such as Humalog Mix 50/50) may be more appropriate.
However, Humalog Mix 50/50 has not been widely used
or investigated in the People’s Republic of China. More-
over, there is no report of any direct comparison between

Table 5 Insulin dose at the end of the study (U/kg)

Humalog Mix 50/50 and Humalog Mix 75/25 in Chinese
patients with diabetes.

The aim of this study was to provide an additional treat-
ment option for Chinese diabetics to improve the rate of
blood glucose control. We compared the clinical efficacy,
safety, and outcome of treatment with Humalog Mix 75/25
and Humalog Mix 50/50 in Chinese patients with type 2
diabetes. In terms of clinical efficacy (FBG, P2hBG, and
HbA ), we found that treatment with Humalog Mix 50/50
achieved better glycemic control than Humalog Mix 75/25.
There was a decrease in FBG in group A (Humalog Mix
50/50) compared with group B (Humalog Mix 75/25), with a
difference of 1.3+0.2 mmol/L. In addition, while comparing
postprandial glucose levels in the treatment groups, we found
that Humalog Mix 50/50 resulted in better postprandial gly-
cemic control, with a difference of 2.1+0.3 mmol/L. We also
observed that HbA | _levels of patients in group A (Humalog
Mix 50/50) were lower by 1.0%x0.1% (P<<0.05) compared
with those of patients in group B (Humalog Mix 75/25).
Moreover, group A patients achieved their glycemic target
more rapidly (9.7£1.1 days earlier) than group B patients.

It is well known that postprandial glucose level con-
tributes more to the HbA  level than FBG when HbA
approaches target.!* Unlike Caucasian diabetics, 88% of
Chinese patients with type 2 diabetes have isolated or
combined postprandial hyperglycemia.' This is attributed
to two reasons: carbohydrate, with the highest glycemic
index, is a dominant component of the Chinese diet;'® and
Chinese patients with diabetes exhibit severe insulin secre-
tion insufficiency, especially postprandially, which results
in prominent postprandial hyperglycemia.'” Since Humalog
Mix 50/50 contains a higher proportion of short-acting insulin
than Humalog Mix 75/25, it gives rise to better postprandial
glycemic control which targets the major pathophysiological
features in Chinese type 2 diabetics as described earlier. This
indicates that Humalog Mix 50/50 is more suitable for use
in Chinese patients with diabetes.

According to a previous study,'® when individuals with-
out diabetes have a meal, their basal to postprandial insulin
secretion is approximately 1:1. In addition, patients with

Humalog Mix 50/50

Humalog Mix 75/25

Pre-breakfast

Pre-dinner Pre-breakfast Pre-dinner

Mean (SD)
Ratio

0.4540.14
49%

Total daily dose, mean (SD) 0.84+0.31 U/kg

0.4610.15
51%
0.87+0.27 U/kg

0.48+0.17
49%

0.47+0.16
51%

Abbreviation: SD, standard deviation.
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£ ~ Otherreasons (n=2)
o
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|
C
1o Allocated to intervention (n=73) Allocated to intervention (n=73)
g Received allocated intervention Received allocated intervention
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o
=
E: Lost to follow-up (n=0) Lost to follow-up (n=0)
2
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2
T Analyzed (n=73) ‘ Analyzed (n=73) ‘
<

Figure | Flow chart showing patient disposition.

type 2 diabetes mellitus who have received insulin treatment
and achieved glycemic control have a similar physiological
insulin secretion proportion of 1:1 ratio in the insulin used."
This confirms our finding that Humalog Mix 50/50 has better
efficacy than Humalog Mix 75/25.

In terms of safety, there were no significant adverse
events or reports of severe hypoglycemia during treatment
with either Humalog Mix 50/50 or Humalog Mix 75/25.
However, it was observed that the 1:1 ratio of Humalog Mix
50/50 showed a tendency to reduce the occurrence of noctur-
nal hypoglycemia when compared with the ratio of Humalog
Mix 75/25, although it was not significant (see Table 4).

This may be attributed to Humalog Mix 75/25 containing
more basal insulin than Humalog Mix 50/50.

A limitation of this study is the limited number of patients.
The small sample size limits the generalizability of the study.
A small sample size may lead to a type 2 error (ie, accepting
the null hypothesis when it is false).?’ However, our study
can be considered as a “pilot study” to inspire more research
on the topic. Future research with a larger sample size of
Chinese diabetic patients may be needed to overcome this
limitation.

In conclusion, our study findings show that Humalog Mix
50/50 is clinically more efficient than Humalog Mix 75/25 in

Therapeutics and Clinical Risk Management 2015:1 |
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terms of FBG, P2hBG, and HbA _levels. Moreover, Huma-
log Mix 50/50 allowed for a shorter time required to reach
the glycemic target as compared with Humalog Mix 75/25. In
addition, Humalog Mix 50/50 showed a safety profile similar
to that as Humalog Mix 75/25. Therefore, Humalog Mix
50/50 is considered suitable for more widespread clinical use
to improve the rate of blood glucose control in patients with
type 2 diabetes mellitus in the People’s Republic of China.
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