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ABSTRACT

Introduction: To investigate the relative con-
tribution rates of basal hyperglycemia (BHG)
and postprandial hyperglycemia (PPHG) to
overall hyperglycemia in patients with type 2
diabetes mellitus (T2DM) treated with insulin
lispro mix 25 and 50 (LM25 and LM50) as
evaluated by continuous glucose monitoring
(CGM).
Methods: Eighty-one T2DM patients treated
with premixed human insulin 70/30 (PHI70/30)
were randomly divided into two groups and
received a crossover protocol. In the first
16-week stage, one group received LM25 twice
daily, the other group received LM50 twice
daily. In the second 16-week stage, the two
groups exchanged therapeutic regimen.

Glycosylated hemoglobin (HbA1c) measure-
ment and CGM were performed at enrollment
and at the end of each treatment stage.
Results: BHG’s contribution rate increased
with increasing HbA1c (from 34.5% to 60.8%).
PPHG’s contribution rates in the LM50 regimen
were significantly lower than those in LM25 and
PHI70/30 regimens at HbA1c levels\7.5%.
Compared with LM50, LM25 shows a signifi-
cant difference in reducing HbA1c in the sub-
group with baseline HbA1c C 8.5% (DHbA1c

LM25 vs. LM50 - 0.6 ± 0.1% vs. 0.3 ± 0.1%,
p\0.05).
Conclusions: For T2DM patients treated with
premixed insulin analogues, postprandial
hyperglycemia played a major role in the sub-
group of patients with HbA1c\8.5%, while
fasting hyperglycemia became the major con-
tributor to overall hyperglycemia in the sub-
group of patients with HbA1c C 8.5%.
Trial Registration: Chinese Clinical Trial Reg-
istry Identifier ChiCTR-TTRCC-12002516.
Funding: Lilly Suzhou Pharmaceutical Co., Ltd.
(Shanghai Branch, China) and National Key
Program of Clinical Science of China
(WBYZ2011-873).
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INTRODUCTION

Glycemic control is important for reducing the
risk of diabetes-related complications. In some
large studies, such as DCCT/EDIC, UKPDS, and
its follow-up study, glycosylated hemoglobin
(HbA1c) was used to measure blood glucose
levels [1–6]. HbA1c generally reflects the average
blood glucose levels in the prior 3 months.
However, for real-time assessment of blood
glucose levels, HbA1c is not as clearly visualized
as checking the blood glucose level directly.
Therefore, the relationship between blood glu-
cose and HbA1c has been investigated in many
studies.

Monnier et al. published a milestone study
that described the relative contribution rates of
basal hyperglycemia (BHG) and postprandial
hyperglycemia (PPHG) to overall hyperglycemia
at different HbA1c levels in subjects receiving no
treatment of insulin or acarbose [7]. The study
showed that for patients with low HbA1c levels
(\7.3%), the contribution rate of PPHG to
overall hyperglycemia could reach 70%. With
elevated HbA1c levels, the contribution rate of
BHG gradually increased. Other studies also
supported this conclusion [8–15]. Since then,
this conclusion was widely quoted in many
studies, but the effect of applicable population
and therapeutic drugs on this conclusion was
often ignored. In fact, whenever checking blood
glucose, the setting of normal basal blood glu-
cose threshold and the type of drugs could
affect this relationship. Riddle et al. analyzed
the data from six randomized controlled trials
comparing insulin glargine and other regimens
and found that BHG’s contribution rate played
a major role (76–80%) at all HbA1c levels
([7.0%) before intensive treatment with oral
hypoglycemic agents. After intensive treatment,
although the HbA1c level declined, BHG’s con-
tribution rate decreased more significantly in
the patients treated with basal insulin than in
the patients treated with other regimens
(30.8–41.1% vs. 63.5–69.9%) [16–22]. It was
evident that different hypoglycemic agents had
different effects on the relative contribution
rates of BHG and PPHG to overall
hyperglycemia.

If one needs to know about a drug’s influ-
ence on the relative contribution rates, a special
study should be designed instead of directly
extrapolating this conclusion to this drug. In
fact, even for the patients treated with basal
insulin, there were ethnic and regional differ-
ences in the influence on postprandial hyper-
glycemia [23].

In the two studies mentioned above [7, 16],
however, a blood glucose profile of 4 or 7 points
during the daytime was selected to calculate
glucose area under the curve, which lacked
observation of blood glucose during the night.
Additionally, during the observation period in
these studies, the subjects were given test meals
in a test environment, so the obtained blood
glucose data did not necessarily reflect ‘‘real-
life’’ characteristics.

Recently, a randomized, crossover clinical
trial evaluating the effects of insulin lispro mix
25 and 50 (LM25 and LM50) on postprandial
glucose excursions in T2DM patients treated
with premixed human insulin 70/30 (PHI70/30)
showed that LM50 might provide better gly-
cemic excursion control after breakfast and
dinner than LM25 [24]. The HbA1c and mean
amplitude of glucose excursion (MAGE) values
were not different between the three insulin
regimens. This study was conducted in a ‘‘real-
life’’ environment without changing the sub-
ject’s diet and activities, using a continuous
glucose monitoring (CGM) system to collect the
subjects’ blood glucose data. The aim of the
present post hoc analysis was to investigate the
relative contribution rates of BHG and PPHG to
overall hyperglycemia in the T2DM patients
treated with LM25 and LM50.

METHODS

Study Design

The results of this study were from a phase IV,
randomized, crossover, open-label, investigator-
initiated clinical trial in Chinese patients with
T2DM switching from PHI70/30 to LM25 or
LM50. This clinical trial was registered at www.
chictr.org.cn (ChiCTR-TTRCC-12002516) [24].
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This clinical trial consisted of a 2-week
screening period, a 2-week lead-in period, and
two 16-week crossover treatment periods. After
the 2-week screening period, the subjects con-
tinued to be treated with PHI70/30 during a
2-week lead-in period. Then, the subjects were
randomly divided into two groups based on a
random number table. In the first 16-week
stage, one group received LM25 twice daily, the
other group received LM50 twice daily. In the
second 16-week stage, the two groups exchan-
ged therapeutic regimen. The types and dosages
of original oral hypoglycemic agents were not
adjusted throughout the trial.

Study Population

Chinese adult T2DM patients were enrolled to
participate in this comparative study on LM25
and LM50 in the Endocrinology Department of
Peking Union Medical College Hospital
(PUMCH) between November 1, 2013 and May
31, 2015. Before enrollment, the subjects were
asked to receive a stable dose of PHI70/30 twice
daily (whether combined with oral hypo-
glycemic agents or not) for at least 90 days.

Major exclusion criteria included patients
having liver dysfunction (alanine transaminase or
alkaline phosphatase exceeding 2.5 times the
upper limit of the normal reference value) or
renal insufficiency (serum creatinine C 133 lmol/
L for male patients or C 110 lmol/L for female
patients), having other diseases or receiving other
drugs that may affect blood glucose and hemo-
globin, or having an inability to eat normally.

Study Procedures and Treatment

After enrollment, the subjects continued to be
treated with PHI70/30 during a 2-week lead-in
period. Then, the subjects were randomly divi-
ded into two groups (A and B) based on a ran-
dom number table.

In the first 16-week stage, the subjects in
group A received LM25 twice daily, while the
subjects in group B received LM50 twice daily.
The first 4 weeks of this stage were the insulin
dose titration period. The initial dose of insulin
was determined according to the original

PHI70/30 dose. All subjects performed self-
monitoring of blood glucose (SMBG) and got a
4-point blood glucose profile (preprandial blood
glucose of three meals plus bedtime blood glu-
cose at least 1 day every week). Follow-up was
conducted once every 2 weeks, and insulin dose
was adjusted according to the results of SMBG
(the adjustment protocol was presented in a
previous article [24]). The titration targets of
blood glucose were [3.9 and B 6.1 mmol/L
before breakfast and dinner. The subsequent
12 weeks of this stage were the steady dose
period.

In the second 16-week stage, the two groups
exchanged therapeutic regimen. The subjects in
group A received LM50 twice daily, while the
subjects in group B received LM25 twice daily.
Insulin dose was determined according to the
dose before crossover, and the insulin dose
adjustment method was the same. The types
and dosages of original oral hypoglycemic
agents were not adjusted throughout the trial.

During the study, it was recommended that
the subjects follow China guidelines for diet
control and exercise [25]. During the 3 days of
CGM at enrollment and the end of each treat-
ment phase, the subjects were given high-car-
bohydrate test meals on day 1 and high-fat test
meals on day 2. They continued their habitual
diets on day 3 and recorded their diets and
activities. The detailed protocol was presented
in a previous article [24].

Outcome Measures

At enrollment, the subjects’ medical history
data (age, gender, duration of diabetes, insulin
dose, etc.) and anthropometric data (blood
pressure, height, weight, waist circumference,
etc.) were recorded. HbA1c measurement and
72 h CGM were performed at enrollment and at
the end of each treatment phase. CGM was
conducted using the GOLD CGM system
(Medtronic, USA). HbA1c was measured by
cation-exchange high-performance liquid
chromatography (Bio-Rad, USA).

CGM was used to get the glucose area under
the curve (AUC). To avoid the effects of diet
changes on the blood glucose, only the CGM
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data from day 3 were analyzed in this article.
The following definitions were used: AUC with
blood glucose C 6.1 mmol/L was defined as
AUCT exposed to total hyperglycemia; fasting
blood glucose was the average blood glucose 1 h
before breakfast every day; the AUC with blood
glucose C fasting blood glucose was AUCP

exposed to postprandial hyperglycemia; the
AUC exposed to basal hyperglycemia was AUCB,
AUCB = AUCT - AUCP. BHG’s contribution
rate = AUCB/AUCT, PPHG’s contribution rate =
AUCP/AUCT. Any negative value of AUC with
blood glucose\6.1 mmol/L was set to be 0 [16].

Compliance with Ethical Guidelines

This study was approved by the PUMCH Ethics
Committee and followed the ethical standards
of the responsible committee on human
experimentation (institutional and national)
and with the Helsinki Declaration of 1964, as
revised in 2013. All patients signed informed
consent before enrollment.

Statistical Analysis

The present study was post hoc in nature.
Measurement data were expressed as the
mean ± SD, and count data were expressed as
frequency. Paired t test or single factor variance
analysis was used to compare measurement
data; McNemar’s test was used to compare
count data. SPSS 22.0 software was used to
complete statistical analysis.

RESULTS

Baseline Characteristics of Subjects

Eighty-six subjects were enrolled in the study, of
which three subjects were excluded because of
violation of the study protocol (oral hypo-
glycemic agents and insulin were discontinued
by self) and two subjects requested withdrawal
from the trial. Eventually 81 subjects completed

the study. The subjects’ baseline characteristics
are shown in Table 1 [24].

Comparison of Relative Contribution
Rates of BHG and PPHG to Overall
Hyperglycemia at Different HbA1c Levels

According to HbA1c levels at enrollment and at
the end of each treatment phase, the HbA1c

levels were stratified into five groups from low
to high as follows: \6.5%, 6.5 to\7.5%, 7.5 to
\8.5%, 8.5 to \9.5%, and C 9.5%. The con-
tribution rates of BHG and PPHG to overall
hyperglycemia at different HbA1c levels are
shown in Table 2.

Table 1 Baseline characteristics of the subjects

Number 81

Gender (male/female) 31/50

Age (years) 59.9 ± 10.3

Duration of diabetes (years) 14.7 ± 8.4

BMI (kg/m2) 26.3 ± 4.6

HbA1c (%) 7.8 ± 1.4

SBP (mmHg) 122 ± 13

DBP (mmHg) 72 ± 9

Weight (kg) 68.7 ± 14.8

Waist circumference (cm) 87.0 ± 19.4

Total daily dose of PHI70/30 (U) 40.2 ± 15.4

Subjects with combined oral hypoglycemic

agents (%)

90.1

Metformin (%) 68.5

Acarbose (%) 39.7

Others (%) 8.2

Total daily dose of LM25 (U) 42.3 ± 15.3

Total daily dose of LM50 (U) 40.8 ± 15.4

Metformin dose (mg/day) 840 ± 468

Acarbose dose (mg/day) 46 ± 25
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Comparison of PPHG’s Relative
Contribution Rates Based on Different
Types of Premixed Insulin at Different
HbA1c Levels

According to the type of premixed insulin, the
subjects were divided into three groups: PHI70/
30 group, LM25 group, and LM50 group. Then,
the subjects were stratified by the different
HbA1c levels at enrollment and at the end of
each treatment phase (from low to high as fol-
lows: \6.5%, 6.5 to\7.5%, 7.5 to\8.5%, 8.5

to \ 9.5%, and C 9.5%). PPHG’s contribution
rates were compared at different HbA1c levels
among the three regimens (Table 3).

Comparison of Effect of LM25 and LM50
on HbA1c Change at Different HbA1c

Levels

HbA1c 8.0%, 8.5%, and 9.0% before the subjects
were treated with LM25 and LM50 were sepa-
rately taken as the cutoff points, and the sub-
jects were divided into the less than cutoff point

Table 2 Relative contribution rates of BHG and PPHG to overall hyperglycemia at different HbA1c levels

HbA1c (%) n AUCT AUCP AUCB AUCP/AUCT (%) AUCB/AUCT ( %)

\6.5 90 2.4 ± 0.7 1.6 ± 0.5 0.8 ± 0.4 65.5 ± 15.3 34.5 ± 12.2

6.5 to\7.5 72 3.0 ± 1.1 1.8 ± 0.7 1.2 ± 0.5 61.6 ± 17.5* 38.4 ± 16.5*

7.5 to\8.5 38 3.6 ± 1.2 1.9 ± 0.6 1.7 ± 0.9 53.4 ± 16.8*# 46.6 ± 14.7*#

8.5 to\9.5 31 4.3 ± 1.6 1.9 ± 1.1 2.4 ± 1.6 43.5 ± 16.4*#^ 56.5 ± 16.9*#^

C 9.5 12 5.1 ± 2.0 2.1 ± 0.7 3.0 ± 1.1 41.2 ± 16.3*#^& 60.8 ± 16.9*#^&

HbA1c glycosylated hemoglobin, AUCT area under the curve exposed to total hyperglycemia, AUCP area under the curve
exposed to postprandial hyperglycemia, AUCB area under the curve exposed to basal hyperglycemia
* vs. HbA1c\ 6.5%, p\ 0.05
# vs. HbA1c 6.5 to\ 7.5%, p\ 0.05
^ vs. HbA1c 7.5 to\ 8.5%, p\ 0.05
& vs. HbA1c 8.5 to\ 9.5%, p\ 0.05

Table 3 Comparison of relative contribution rates of PPHG to overall hyperglycemia based on different types of premixed
insulin at different HbA1c levels

HbA1c (%) PHI70/30 LM25 LM50

AUCP/AUCT(%) n AUCP/AUCT(%) n AUCP/AUCT(%) n

\6.5 68.9 ± 13.8 26 67.5 ± 14.6 33 60.5 ± 15.6*# 31

6.5 to\7.5 65.7 ± 16.5 25 66.5 ± 17.8 23 52.6 ± 15.6*# 24

7.5 to\ 8.5 55.9 ± 18.5 15 55.0 ± 18.0 11 48.8 ± 17.2 12

8.5 to\ 9.5 46.2 ± 16.6 10 46.7 ± 16.3 11 37.3 ± 17.8 10

C 9.5 43.2 ± 16.7 5 42.4 ± 16.3 3 37.8 ± 15.8 4

Total 81 81 81

HbA1c glycosylated hemoglobin, PHI70/30 premixed human insulin 70/30, LM25 insulin lispro mix 25, LM50 insulin
lispro mix 50, AUCP area under the curve exposed to postprandial hyperglycemia, AUCT area under the curve exposed to
total hyperglycemia
* vs. PHI70/30, p\ 0.05
# vs. LM25, p\ 0.05
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subgroup and at least the cutoff point subgroup
to compare the changes in HbA1c of the two
subgroups before and after treatment
(DHbA1c = HbA1c after treatment - HbA1c

before treatment). It was found that if 8.5% was
taken as the cutoff point, LM25 was more
effective than LM50 in reducing HbA1c in the
subgroup with baseline HbA1c C 8.5% (DHbA1c

LM25 vs. LM50 - 0.6 ± 0.1% vs. 0.3 ± 0.1%,
p\0.05). If other HbA1c cutoff points were used
to divide the groups, the difference in DHbA1c

between the two subgroups was not significant
(Table 4 and Fig. 1).

DISCUSSION

The present post hoc analysis showed that for
the patients with type 2 diabetes treated with
premixed human insulin or insulin analogues
(in combination with oral hypoglycemic agents
or not), postprandial hyperglycemia played a
major role in the subgroup of patients with mild
to moderate hyperglycemia (HbA1c\8.5%).
However, with further deterioration in blood
glucose, fasting hyperglycemia became the
major contributor to overall hyperglycemia.
These findings were consistent with Monnier’s
study, although this study was different from
Monnier’s study in study subjects, types of
hypoglycemic agents, and blood glucose moni-
toring methods [7]. Therefore, the conclusions
of Monnier’s study were applicable to this study
population treated with premixed human
insulin or insulin analogues. Compared with
Monnier’s study, this study had several advan-
tages: CGM was used as the blood glucose
evaluation method for all patients in the study,
which could fully reflect the changes in blood
glucose during the day and night, so this study
could get more information about blood glu-
cose. In Monnier’s study, the subjects received a
test meal in a test environment; in contrast, this
study collected day 3’s CGM data without
changing the subjects’ diet and activities, which

Table 4 Comparison of effect of LM25 and LM50 on HbA1c change at different HbA1c levels

HbA1c(%) LM25 LM50

Cutoff
point

Subgroup Before
treatment

After
treatment

DHbA1c(%) n Before
treatment

After
treatment

DHbA1c (%) n

8.0 \8.0 7.4 ± 0.8 7.2 ± 0.8 - 0.2 ± 0.1 57 7.3 ± 0.8 7.1 ± 0.7 - 0.2 ± 0.2 58

C 8.0 8.8 ± 1.0 8.5 ± 0.9 - 0.3 ± 0.2 24 8.8 ± 0.9 8.6 ± 0.8 - 0.2 ± 0.1 23

8.5 \8.5 7.5 ± 0.9 7.4 ± 0.9 - 0.1 ± 0.1 66 7.5 ± 1.0 7.1 ± 0.9 - 0.4 ± 0.1 66

C 8.5 9.3 ± 1.0 8.7 ± 1.0 - 0.6 ± 0.1 15 8.8 ± 1.0 9.1 ± 1.1 0.3 ± 0.1* 15

9.0 \9.0 7.6 ± 1.0 7.5 ± 0.9 - 0.1 ± 0.1 72 7.5 ± 0.9 7.3 ± 0.9 - 0.2 ± 0.1 71

C 9.0 9.4 ± 1.1 8.8 ± 1.0 - 0.6 ± 0.2 9 9.2 ± 1.0 8.9 ± 1.0 - 0.3 ± 0.1 10

HbA1c glycosylated hemoglobin, LM25 insulin lispro mix 25, LM50 insulin lispro mix 50, DHbA1c HbA1c after treat-
ment - HbA1c before treatment
* vs. LM25, p\ 0.05

Fig. 1 Comparison of DHbA1c between HbA1c\8.5%
subgroup and HbA1c C 8.5% subgroup before and after
LM25 and LM50 treatment
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may better reflect the real relationship between
short-term changes in blood glucose and HbA1c.

The conclusions of this study were not con-
sistent with those of Riddle et al.’s study [16].
Their study concluded that BHG’s contribution
rate played a major role regardless of HbA1c

levels ([ 7%) before intensive treatment. It was
considered that the difference was due to the
normal blood glucose cutoff point of 6.1 mmol/
L selected in this study (based on the recom-
mendations of China Guideline for Type 2
Diabetes Mellitus) [26]. In Riddle’s study, the
normal blood glucose cutoff point was
5.6 mmol/L, so the AUCB in this study was
smaller than that in Riddle’s study. Besides, the
study population included in this study also
involved subjects with HbA1c\6.5%. In Rid-
dle’s study, all subjects’ HbA1c were[ 7.0%, so
the contribution of PPHG might be higher in
the subjects with mild hyperglycemia. More-
over, Riddle et al.’s study population comprised
subjects with poor glycemic control treated
with oral hypoglycemic agents, who had higher
basal hyperglycemia generally than our study
population treated with premixed insulin.

At present, there are several clinical trials
directly comparing the effects of LM25 and
LM50 on fasting hyperglycemia, postprandial
hyperglycemia, and HbA1c [27–31]. Our study
and the above studies all showed that LM50 was
more effective than LM25 in reducing post-
prandial blood glucose after the morning and
evening meals, reducing prandial blood glucose
excursion or stabilizing blood glucose excursion
during the daytime [24]. Similarly, in the pre-
sent post hoc analysis, we also observed that the
contribution rates of PPHG to overall hyper-
glycemia in LM50 were lower than those in
LM25 at HbA1c levels\7.5% (AUCP/AUCT

LM50 vs. LM25 52.6–60.5% vs. 66.5–67.5%,
p\0.05). This may be because the contribution
rates of PPHG played a major role (61.6–65.5%)
and LM50 reduced PPHG more significantly
than LM25 in this HbA1c interval.

In these studies, there was no significant dif-
ference in the effect of LM25 and LM50 on HbA1c.
But the CLASSIFY study showed that more sub-
jects in the LM50 group than in the LM25 group
achieved HbA1c targets. The results of further
stratified analysis were also different. Our study

showed that LM25 was more effective than LM50
in reducing HbA1c in the subgroup with baseline
HbA1c C 8.5% (DHbA1c LM25 vs. LM50
- 0.6 ± 0.1% vs. 0.3 ± 0.1%, p\0.05). Accord-
ing to the theory of Monnier and the results of
our study, it was not difficult to understand that
in the subgroup with higher HbA1c levels
(C 8.5%), low-ratio premixed insulin LM25 (con-
taining 25% rapid-acting component and 75%
intermediate-acting component) with the main
goal of reducing basal hyperglycemia was more
effective than mid-ratio premixed insulin LM50
(containing 50% rapid-acting component and
50% intermediate-acting component) with the
main goal of reducing postprandial hyper-
glycemia in reducing HbA1c levels. But in the
subgroup with lower baseline HbA1c levels
(\8.5%), LM50 was similar to LM25 in reducing
HbA1c (DHbA1c LM50 vs. LM25 - 0.4 ± 0.1% vs.
- 0.1 ± 0.1%, p[0.05). However, the series of
CLASSIFY studies indicated that LM50 was more
effective than LM25 in reducing HbA1c in subjects
with baseline HbA1c levels greater than the med-
ian levels. The reason for this difference was not
very clear. It was supposed to be related to the
different types of baseline drugs and HbA1c levels
in the study populations. It also suggested that we
should pay attention to the characteristics of
applicable populations and not extrapolate
blindly when applying the findings of a study.

A limitation of this study is that the sample
size is relatively small. Especially after HbA1c

was stratified, the number of some subgroups
was small, which may affect the test efficiency.
In addition, the crossover design may also have
an impact on the outcome of the treatment at a
later stage. CGM data of only 1 day in each
phase were analyzed, so that they provided
limited information. However, this study still
helps us to understand the effects of fasting and
postprandial blood glucose on overall blood
glucose in T2DM patients with premixed insu-
lin analogue.

CONCLUSION

Our study found that for patients with type 2
diabetes treated with premixed insulin analogue
combined with oral hypoglycemic agents or
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not, postprandial hyperglycemia played a major
role in the subgroup patients with mild to
moderate hyperglycemia (HbA1c\8.5%). With
further deterioration in blood glucose, fasting
hyperglycemia became the major contributor to
overall hyperglycemia. LM25 was more effective
than LM50 in reducing HbA1c in the subgroup
with baseline HbA1c C 8.5%.
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