Int J Clin Exp Med 2016;9(8):16252-16262
www.ijcem.com /ISSN:1940-5901/1JCEM0021647

Original Article

Safety and effectiveness of insulin therapy in Chinese
patients with type 2 diabetes mellitus: findings

from the real-world SEAS study

Yi-Ming Mu?, Jian-Hua Diao?, Feng-Mei Xu?, Yong-Ming Zhang?*, Lin Liao®, Min-Zhe Wang?, Jing-Yi Zhang’,
Chun Xu#®

1Department of Endocrinology, Chinese People’s Liberation Army General Hospital, China; 2Department of
Endocrinology, Xuchang Central Hospital, China; Department of Endocrinology, Hebi Coal Group General
Hospital, China; “Department of Endocrinology, Anhui Provincial friendship Hospital, China; *Department

of Endocrinology, Shandong Qianfoshan Hospital, China; °®Department of Endocrinology, The Fifth Affiliated
Hospital of Xinjiang Medical University, China; "Department of Endocrinology, Kailuan General Hospital, China;
8Department of Endocrinology, General Hospital Of Chinese Armed Police, China

Received December 11, 2015; Accepted July 4, 2016; Epub August 15, 2016; Published August 30, 2016

Abstract: The study investigated clinical safety and effectiveness of insulin therapy in routine clinical practice
among Chinese patients with type 2 diabetes mellitus (T2DM). In this multicenter, open-label, non-interventional
12-week study, patients were grouped by insulin regimens, basal insulin (NPH/N group), mealtime insulin (SciLin
R/R group), premixed insulin 70/30 (N and R) (Premixed group) and combination group (N, R and/or premixed).
Data were analyzed for safety and effectiveness. In total, 2683 patients were enrolled in 62 hospitals, with mean
age of 55.9+12.2 years, diabetes duration of 6.1+5.8 years and HbA1c of 9.69+2.19% at baseline. Most patients
(82.7%) used premixed insulin, 47.82% of patients received oral anti-diabetic drugs (OADs) during insulin therapy;
metformin (28.69%) and a-glucosidase inhibitors (24.41%) were the most commonly used OADs. After 12 weeks of
treatment, the incidence of serious adverse drug reactions (SADRs) was 0.26%, and all were severe hypoglycemia
events. The mean level of HbAlc decreased significantly from 9.69+2.19% to 7.35+1.28% (P<0.001). The propor-
tion of patients with HbAlc <7.0% was 41.4%. Fasting plasma glucose (FPG) and post-prandial glucose (PPG) levels
decreased significantly in all groups (all P<0.001) with the exception of dinner PPG in the N group. In conclusion,
this real-world study assessing the efficacy of late initiation of insulin therapy in China found that pre-mixed insulin
is the main choice in insulin regimen. Approximately half of the patients with T2DM were also treated with OADs,
including primarily metformin and/or a-glucosidase inhibitors. Insulin therapy resulted in improved blood glucose
control with low incidence of severe hypoglycemia.
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Introduction 2000 and 2010, T2DM prevalence among
Chinese adults in Shanghai increased from
5.1% to 7.4% [3], and it was reported to be as
high as 9.7% in 2007-2008 [4]. A recent com-
prehensive epidemiological survey of diabetes
reported that 11.6% of Chinese adults, or 114
million people, have T2DM, representing one in

three diabetes patients globally [5].

Type 2 diabetes mellitus (T2DM) is a progres-
sive disease with high morbidity and mortality.
It has become epidemic in some countries,
including China, which threatens public health
and carries a heavy economic and psychoso-
cial burden [1]. The 2013 report of the
International Diabetes Federation (IDF) [2]

reports that the worldwide prevalence of diabe-
tes is about 8.3% in adults aged 20-79 years,
accounting for more than 382 million patients.
About 592 million patients around the world
are expected to have T2DM by 2035. Between

Most T2DM patients require insulin therapy.
International guidelines for insulin therapy rec-
ommend initiating insulin therapy when glycat-
ed hemoglobin (HbAlc) is not normalized after
high-dose oral anti-diabetic drug therapy for 3
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months [1, 6, 7]. Recent studies have empha-
sized the importance of early initial therapy in
view of the increased risk of disease progres-
sion when treatment is delayed [8, 9]. However,
previous observational studies have shown
that the initiation of insulin therapy in Chinese
T2DM patients is relatively late compared to
that in other populations [10]. The reasons
behind late initiation of insulin therapy have not
been fully explained.

Current insulin treatment using insulin ana-
logues is considered to be more convenient
and to have a low incidence of nocturnal hypo-
glycemia during T2DM therapy compared to
human insulin [11]. However, in China, human
insulin is more widely used to treat T2DM, pri-
marily in response to pharmacoeconomic con-
cerns [8].

Interest in patients’ real-world outcomes has
been growing. Accordingly, we hypothesized
that understanding the true status of routine
human insulin therapy in China would contrib-
ute to improving diabetes care and to reducing
the related national disease burden. Theore-
tically, the information gained could then be
used to develop corresponding management
strategies focused on improving insulin therapy
and glycemic control in T2DM patients in China.
Therefore, the present study aimed to investi-
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the patients were diagnosed

with T2DM according to the
1999 World Health Organization (WHO) crite-
ria, and were treated with basal human insulin
(NPH insulin/SciLin N/N group), mealtime
human insulin (SciLin R/R group) or pre-mixed
human insulin (premixed 70/30 [N and R]/
SciLin M30/Premixed group) (alone or in combi-
nation). Pregnant or breast-feeding women,
those willing to conceive within 3 months fol-
lowing enroliment, patients receiving concomi-
tant therapy with other types of insulin, and
those participating in other diabetes clinical
studies were excluded. The subject could
choose to withdraw at any time during the
study. In total, 2,683 patients were enrolled,
and their data were included for analysis
(Figure 1).

The study protocol was approved by the Insti-
tutional Review Boards and/or Ethics Com-
mittees of all participating hospitals. Pro-
cedures performed in this study were in accor-
dance with the Declaration of Helsinki and
Good Clinical Practice (GCP) principles. All sub-
jects signed a written informed consent.

Data collection
No defined study-related procedures were per-

formed, and all measurements were made by
the treating physician team as determined by
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routine clinical care. Throughout the study,
patients received routine therapy as prescri-
bed, and no interventions were administered.
All SciLin insulin and oral anti-diabetic drugs
(OADs) were purchased from pharmacies by the
patients as usual. Patient data were collected
based on their clinical records, self-monitoring
diary as well as examination results (if applica-
ble) at baseline (time of starting SciLin insulin
treatment) and week 12 (after 12 weeks of
treatment). The information was transferred to
the case report form (CRF). Enrolled patients
(n=2,683) were categorized into four groups
based on the type of insulin therapy: (1) pre-
mixed insulin group (n=2,220), (2) N group
(n=64), (3) R group (n=166) and (4) combina-
tion (n=233).

Demographic and basic anthropometric data
were collected at baseline. Medical history in
addition to the status of anti-diabetic therapy
were collected at baseline and week 12, and
included HbAlc measurement within four
weeks of therapy initiation, most recent fasting
plasma glucose (FPG) and 2-hour postprandial
glucose (2-h PPG) within the one week of treat-
ment initiation, blood pressure and serum lip-
ids (total cholesterol [TC]), low-density lipopro-
tein [LDL-C], high-density lipoprotein cholester-
ol [HDL-C], and triglycerides [TG]) within the
four weeks of therapy initiation. Hypoglycemia
events, all adverse events (AEs), adverse drug
reactions (ADRs) during the study were also
documented.

Primary outcome measures

The primary outcome was the incidence of seri-
ous ADRs (SADRs), including severe hypoglyce-
mia events, resulting from insulin therapy from
baseline to week 12. SADRs were defined as
any ADR that fit any one of the following criteria:
(1) resulted in death, (2) was life-threatening,
(3) required inpatient hospitalization or pro-
longed hospital stay, (4) resulted in persistent
or significant disability or incapacity, (5) was a
congenital anomaly or birth defect and (6) was
an important medical event. Severe hypoglyce-
mia events were defined as central nervous
system symptoms consistent with hypoglyce-
mia that could not be managed by patients
themselves, including (1) plasma glucose <70
mg/dL (3.9 mmol/L) and (2) symptoms that

16254

were improved or resolved after intravenous
injection of glucagon or glucose.

Secondary outcome measures

The secondary outcomes included change in
HbAlc, FPG and 2-h PPG from baseline to week
12; the proportion of patients with HbAlc <7%
(or 6.5%) at week 12; change in insulin dose,
body weight, blood pressure and serum lipids
from baseline to week 12 and other safety
measures, including incidence rate of hypogly-
cemia events and ADRs during the study.

Sample size determination

Determination of sample size was based on
therapeutic safety history from the time the
drug became commercially available. Sample
size was determined according to the Chinese
Food and Drug Administration (CFDA) guideline,
which advises that to find at least one case
among a given number of drug users at a 95%
confidence level, the sample number must be
three times the reciprocal of the rate (=1/num-
ber of drug users). In this trial, around 3000
patients were required for 95% probability to
detect SADRs, including severe hypoglycemia
events, with an occurrence rate of at least
0.1%. The rate of 0.1% was cited from an obser-
vational study performed in 52,419 patients
with T2DM using a pre-mixed insulin (BIAsp 30)
regimen in routine practice, which reported an
SADR rate of 0.19% [12].

Although, we planned to recruit 3000 patients
for the study, the recruitment period ended ear-
lier than scheduled due to difficulty in recruiting
due to a limitation in the drug supply in the hos-
pitals. However, the number of patients recruit-
ed was 2,683, which was sufficiently powered
for the study.

Statistical analysis

The primary outcome, the incidence rate of
SADRs, including severe hypoglycemia events,
was assessed in a safety population. The safe-
ty population was defined as all treated sub-
jects who finished the enrollment interview and
had used any study medications at least once
during a 12-week period. Additional safety out-
comes, such as incidence rates of overall hypo-
glycemia, nocturnal hypoglycemia and ADRs,
were also calculated based on the safety popu-
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Table 1. Distribution of patients recruited into present study (n, %)

ltems Premixed group N group

R group Con;li)cl)r;aptlon Total

Recruitment

Completion 2,122 (95.59%) 58 (
Exclusion 98 (4.41%) 6 (
Loss to follow up 51 (2.30%) 2 (3.13%)
Side events 2 (0.09%) 0 (
Others 45 (2.03%) 4 (

0.00%)
6.25%)

2,220 (100.00%) 64 (100.00%) 166 (100.00%) 233 (100.00%) 2,683 (100.00%)
90.63%)
9.38%)

156 (93.98%) 224 (96.14%) 2,560 (95.42%)

10 (6.02%) 9 (3.86%) 123 (4.58%)

4 (2.41%) 3 (1.29%) 60 (2.24%)

0 (0.00%) 0 (0.00%) 2 (0.07%)

6 (3.61%) 6 (2.58%) 61 (2.27%)
( (

Safety Analysis Set (SS) 2,220 (100.00%) 64 (100.00%) 166 (100.00%) 233 (100.00%) 2,683 (100.00%)

Efficacy Analysis Set (EAS) 1,998 (90.00%) 55 (85.94%)

126 (75.90%) 205 (87.98%) 2,384 (88.86%)

Premixed: premixed 70/30 (N and R)/SciLin M30; N: NPH insulin/SciLin N; R: SciLin R; Combination: Patients in the combina-
tion group used different combinations of NPH insulin, R, and/or premixed 70/30 (N and R) with/without oral anti-diabetic

drugs.

lation. An efficacy analysis set (EAS) was used
to evaluate secondary efficacy outcomes,
including changes from baseline in HbAlc, per-
centage of patients with HbAlc <7% (or 6.5%),
FPG, 2-h PPG, insulin dose, body weight, sys-
tolic blood pressure (SBP), diastolic blood pres-
sure (DBP) and serum lipids. The EAS included
a proportion of patients from the safety popula-
tion who had not violated the study protocol
and whose interval between the baseline and
final visit ranged between 56 and 112 days,
along with valid data on HbAlc at baseline and
the final visit. No method of imputation was
applied to missing data. Continuous variables
are presented as mean and standard deviation
(SD). Categorical variables are presented as
count (%). The McNemar test was used to com-
pare the percentage of patients with HbAlc
<7% (or 6.5%) at week 12 with that at baseline.
Paired t-test was performed to compare chang-
es in efficacy parameters from baseline. All sta-
tistical analyses were performed using SAS
software (V.9.2; Cary, NC., USA). A significance
level of 0.05 was established for all tests.

Results
Patient enrollment

Patients were enrolled from August 10, 2012 to
January 15, 2014. A total of 2,683 patients
from 62 centers were deemed eligible to be
included in the safety population (Figure 1). Of
these, 2,384 patients comprised the EAS after
excluding 297 patients with invalid data on
HbAlc and/or time interval between baseline
and final visit, and two patients who used other
insulin agents during the study period (Figure
1).
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Of the 2,683 patients enrolled, 2,220 were in
the premixed group, 64 were in the N group,
166 patients were in the R group, and 233
patients were in the combination therapy group.
A total of 2,560 patients completed this study.
Reasons for 123 patients not completing the
study included loss to follow up, side effects,
self-discontinuation of the therapy or changing
to other drugs (Table 1). The distribution of
patients in this study is shown in Table 1. Of the
2,683 patients, 299 patients were included in
the safety population, but not the EAS because
their visit period between the dates of the first
to last follow up was out of the 56-112 day
range, or a HbAlc measurement was missing.

Patients’ baseline characteristics

Patients’ baseline characteristics by insulin
treatment group are shown in Table 2. Patients’
mean age was 55.9+12.2 years. Patients had a
mean diabetes duration of 6.1+5.8 years,
HbA1c of 9.7£2.2%, FPG of 11.6+4.1 mmol/L,
weight of 67.7+11.4 kg, and body mass index
(BMI) of 24.6+3.3 kg/m?. Approximately half of
the patients experienced complications/comor-
bidities, including diabetic neuropathy (19.5%)
and diabetic retinopathy (11%). Hypertension
(21.5%) was the most common comorbidity.

Drug administration

At baseline, 56.99% of patients had received
OADs. The proportion of patients receiving one
and two OADs was 52.71% and 36.81%, respec-
tively. The three most commonly used OADs
were metformin (63.37%), a-glucosidase inhibi-
tors (40.42%) and sulfonylureas (26.75%).
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Table 2. Characteristics of study population at time of starting ScilLin treatment

r;\flg?rjnoern Other regimens
- — Total
Rremixed group N group R group Combination
(n=2220) (n=64) (n=166)  group (n=233)*

Age (years) 56.4 (11.9) 51.2 (13.6) 54.1(13.9) 54.2 (12.7) 55.9 (12.2)
Males 1,206 (54.3) 32(50.0) 97 (58.4) 134 (57.5) 1,469 (54.8)
Weight (kg) 67.5(11.3) 69 (12.6) 70.1(12.4) 67.2 (11) 67.7 (11.4)
BMI (kg/m?) 24.6 (3.3) 25.1(3.3) 25.3(3.9) 24.3(3.2) 24.6 (3.3)
Diabetes history (Yes) 1,792 (80.7) 56 (87.5) 138(83.1) 165 (71.1) 2,151 (80.2)
DM duration (years) 6.2 (5.8) 5.3(4.5) 6.5(5.8) 5.7 (5.3) 6.1(5.8)
HbAlc (%) 9.6 (2.1) 9.4 (2.0) 9.5(2.2) 10.7 (2.4) 9.7 (2.2)
Blood glucose (mmol/L)

FPG 11.5 (4.0) 10.0(3.3) 10.9(3.9) 13.0 (4.6) 11.6 (4.1)

PBG_B 15.6 (4.8) 12.8(4.2) 14.7 (4.7) 18.5 (4.9) 15.7 (4.9)

PBG_L 14.9 (4.5) 13.2(2.8) 14.5(4.6) 17.3 (4.7) 15.1 (4.6)

PBG_D 14.3 (4.5) 11.7 (3.2) 13.6(4.4) 17.1 (4.8) 14.5 (4.6)
Diabetes complications and co-morbidity (Yes) 1,173 (52.8) 27 (42.2) 86 (51.8) 102 (43.8) 1,388 (51.7)
Diabetic complications

DNeu 443 (20.0) 10 (15.6) 39 (23.5) 32(13.7) 524 (19.5)

DR 243 (11.0) 9(14.1) 17 (10.2) 27 (11.6) 296 (11.0)

DNep 167 (7.5) 2(3.1) 14 (8.4) 21 (9.0) 204 (7.6)

DF 22 (1.0) 2(3.1) 1(0.6) 4(1.7) 29 (1.1)

DKA 31(1.4) 3(4.7) 10 (6.0) 3(1.3) 47 (1.8)

DHC 0(0.0) 0(0.0) 1(0.6) 1(0.4) 2(0.1)
Co-morbidity

HTN 502 (22.6) 14 (21.9) 26(15.7) 35 (15.0) 577 (21.5)

HL 125 (5.6) 2(3.1) 12 (7.2) 3(1.3) 142 (5.3)

CHD 136 (6.1) 7(4.2) 11 (4.7) 159 (5.9)

CBD 66 (3.0) 0(0.0) 1(0.6) 7(3.0) 74 (2.8)

PAD 121 (5.5) 1(1.7) 8(4.8) 10 (4.3) 140 (5.2)

Others 151 (6.8) 1(1.6) 7(4.2) 22(9.4) 181 (6.8)
Medical Insurance

None 182 (8.2) 8(12.5) 15 (9.0) 21 (9.0) 226 (8.4)

LI 1,037 (46.7) 28 (43.8) 97 (58.4) 109 (46.8) 1,271 (47.4)

MIUR 472 (21.3) 19(29.7) 28 (16.9) 63 (27.4) 582 (21.7)

NCMS 518 (23.3) 9(14.1) 26 (15.7) 38(16.3) 591 (22.0)

Others 11 (0.6) 0(0.0) 0 (0.0) 2(0.9) 13 (0.5)

Premixed: premixed 70/30 (N and R)/SciLin M30; N: NPH insulin/SciLin N; R: SciLin R; *‘Combination: Patients in combination group used dif-
ferent combinations of NPH insulin, R, and/or premixed 70/30 (N and R) combined with/without oral anti-diabetic drugs. DM: diabetes; FBG:
fasting blood glucose; PBG_B: post-breakfast blood glucose; PBG_L: post-lunch blood glucose; PBG_D: post-dinner blood glucose; DNeu: diabetic
neuropathy; DR: diabetic retinopathy; DNep: diabetic nephropathy; DF: diabetic foot; DKA: diabetic ketoacidosis; DHC: diabetic hyperosmolar
coma; HTN: hypertension; HL: hyperlipidemia; CHD: coronary heart disease; CBD: cerebrovascular diseases; PAD: peripheral artery disease; LI:

labor insurance; MIUR: medical insurance for urban residents; NCMS: new rural cooperative medical system.

The majority of patients in this study (82.74%)
were treated with pre-mixed insulin. The top
three reasons for choosing the initial insulin
therapy were the expectation of improved glu-
cose control (97.65%), the expectation of
reduced glucose fluctuation (30.34%), and dis-
satisfaction with current therapy (29.07%).
After 12 weeks of treatment, the proportion of
patients maintaining initial insulin therapy was
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99.8%, 91.7%, 93.7% and 69.3% in the pre-
mixed, N, R, and combination therapy groups,
respectively.

During insulin therapy, 47.82% of the patients
received concomitant OAD therapy (one OAD,
75.35% and two OADs, 22.81%), with metfor-
min (28.69%) and a-glucosidase inhibitors
(24.41%) being the most commonly used.

Int J Clin Exp Med 2016;9(8):16252-16262
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Table 3. Summary of adverse drug reactions and hypoglycemia in the four groups (safety set)

Premixed group N group R group Combination group
Number of patients 2.220 64 166 233
Total number of adverse drug reactions 42 (1.89) 0 (0) 1 (0.60) 0 (0)
Severe adverse drug reactions 0 (0) 0 (0) 0 (0) 0(0)
Number of patients 2.154 62 160 228
Total number of hypoglycemia 384 (17.83) 9 (14.52) 24 (15) 60 (26.32)
Severe hypoglycemia 5(0.23) 0 (0) 2 (1.25) 0 (0)
Number of patients 2.154 62 160 228
Total number of nocturnal hypoglycemia 143 (6.64) 1(1.61) 4 (2.5) 37 (16.23)
Severe nocturnal hypoglycemia 1 (0.05) 0 (0) 0 (0) 0(0)

Premixed: premixed 70/30 (N and R)/SciLin M30; N: NPH insulin/SciLin N; R: SciLin R; Combination: Patients in the combi-
nation group used different combinations of NPH insulin, R, and/or premixed 70/30 (N and R) combined with/without oral

anti-diabetic drugs.

Among patients receiving combination therapy
with one OAD, metformin (51.17%) and «-glu-
cosidase inhibitors (42.39%) were the most
commonly used OADs. Among patients receiv-
ing combination therapy with insulin and two
OADs, metformin plus a-glucosidase inhibitors
were mainly used (65.29%).

At baseline, lipid-lowering drugs, blood pres-
sure-lowering drugs and aspirin were used in
259 (9.65%), 607 (22.62%) and 240 (8.95%)
patients, respectively.

ADRs and hypoglycemia

The incidence of SADRs was 0.26%, all of which
were, severe hypoglycemia. A total of 43 ADRs
occurred, including induration or nodules (n=9),
itching (n=9), rash (n=6), ophthalmological sym-
ptoms (n=5), hypersensitivity to drug (n=5),
local reaction/hyperhidrosis/edema (2 each)
and dizziness/hunger/pain (1 each), which im-
proved or resolved after symptomatic therapy
(Table 3).

A total of 477 (18.32%) hypoglycemia events
were reported, including 292 (11.22%) diurnal
hypoglycemia and 185 (7.10%) nocturnal hypo-
glycemia events. Only one severe nocturnal
hypoglycemia event occurred in the premixed
group (Table 3).

Blood glucose lowering

HbAlc levels in all groups decreased signifi-
cantly at week 12 compared to baseline levels.
In the premixed group, HbAlc levels were
reduced from 9.61+2.14% at baseline to 7.33+
1.26% at week 12 (Table 4). In the premixed
group, the proportion of patients achieving tar-
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get HbAlc levels <7.0% and 6.5% was 42.0%
and 23.4% at week 12, respectively (Figure 2).

The differences between baseline and 12-week
values of FPG and 2-h PPG are shown in Table
4. FPG decreased from 11.53+4.03 mmol/L at
baseline to 7.17+1.69 mmol/L at week 12 in
the premixed group, from 10.01+3.32 to
7.54+1.49 mmol/L in the N group, from
10.88+3.92 to 7.49+1.40 mmol/L in the R
group and from 13.03+4.55 to 7.59+2.04
mmol/L in the combination group. All three
measures (breakfast, lunch and dinner) of 2-h
PPG also decreased significantly (all P<0.001)
except the dinner measurement for the N group
(P=0.085).

Body weight and insulin dose

Differences in body weight and insulin doses
between baseline and week 12 are shown for
each group in Table 4. The mean weight change
during the whole study period was 0.12+2.14
Kg, and the only significant difference in weight
from baseline to week 12 was observed in the
premixed group (67.45+11.23 Kg vs. 67.57+
10.88 Kg, P=0.009). The mean daily dosage of
insulin increased for all groups between base-
line and week 12. However, the only increase in
dosage that reached statistical significance
was that of the premixed group (0.44 IU/Kg/
day vs. 0.43 IU/Kg/day, P<0.001) and the R
group (0.40 IU/Kg/day vs. 0.38 IU/Kg/day,
P=0.012; Table 4).

Blood pressure and serum lipids

Significant reductions in LDL-C, TC, TG, and SBP
as well as an increase in HDL-C were also found

Int J Clin Exp Med 2016;9(8):16252-16262
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Table 4. Differences in blood glucose, body weight, insulin dose, blood pressure and lipids between baseline and week 12 (efficacy analysis set)

Premixed group (n=1.998) N group (n=55) R group (n=126) Combination group (n=205)

Baseline® Week 12 Baseline’ Week 12 Baseline’ Week 12 Baseline’ Week 12
HbA1c (%) 9.61 (2.14) 7.33 (1.26)** 9.37 (2.04) 7.63 (1.24)** 9.47 (2.20) 7.42 (1.19)** 10.71(2.41)  7.47 (1.53)**
Fasting blood glucose (mmol/L) 11.53 (4.03) 7.17 (1.69)** 10.01(3.32)  7.54 (1.49)** 10.88(3.92)  7.36 (1.40)** 13.03 (4.55)  7.59 (2.04)**
Post-breakfast blood glucose (mmol/L) 15.56 (4.77)  9.39 (2.26)** 12.82(4.18) 8.92(1.89)** 14.72 (4.71)  9.00 (1.75)** 18.50 (4.91) 9.94 (2.85)**
Post-lunch blood glucose (mmol/L) 14.90 (4.51) 9.45 (2.19)** 13.17 (2.83) 10.14 (2.61)**  14.46(4.62) 9.10 (1.82)** 17.31 (4.72)  9.29 (2.48)**
Post-dinner blood glucose (mmol/L) 14.33 (4.46) 9.35 (2.31)** 11.70 (3.24) 10.13 (3.03) 13.61(4.39) 8.99 (1.73)** 17.09 (4.77)  9.48 (2.88)**
Weight (Kg) 67.45(11.23) 67.57 (10.88)*  69.74 (12.45) 69.94 (12.01) 70.41(11.78) 70.54(11.35) 67.15(10.86) 67.15(10.41)
Insulin dose (1U/Kg/day) 0.43(0.14) 0.44 (0.14)** 0.18 (0.09) 0.19 (0.10) 0.38 (0.17) 0.4 (0.18)* 0.58 (0.22) 0.56 (0.24)
SBP (mmHg) 130.42 (14.24) 126.25(9.31)** 125.27 (12.45) 125.00(7.71) 130.16(13.53) 127.80 (9.86)* 129.00 (13.40) 127.20 (10.42)
DBP (mmHg) 80.05 (9.26)  77.90 (7.64)** 82.86(8.86) 80.63(8.49) 80.61 (8.60) 78.97 (7.65) 79.51(8.29) 78.29 (7.43)*
LDL-C (mmol/L) 3.06 (1.00) 2.76 (0.87)** 2.95 (0.74) 2.53(0.96) 2.79 (1.31) 2.46 (0.92)* 2.86 (1.04) 2.71(0.80)*
HDL-C (mmol/L) 1.27 (0.51) 1.35 (0.49)** 1.46 (0.48) 1.58 (0.40) 1.24 (0.43) 1.34 (0.50)* 1.34 (0.71) 1.46 (0.61)*
Total cholesterol (mmol/L) 5.18 (1.28) 4.69 (0.99)** 4.98 (1.31) 4.51 (1.26) 5.05 (1.38) 4.47 (1.26)** 5.00(1.53)  4.56 (1.08)**
Triglyceride (mmol/L) 2.25 (1.96) 1.72 (0.95)** 2.38 (2.34) 2.01 (1.85) 2.48 (2.56) 2.08 (1.40)* 2.16 (2.31) 1.36 (0.61)**

Premixed: premixed 70/30 (N and R)/SciLin M30; N: NPH insulin/ScilLin N; R: SciLin R; Combination: Patients in combination group used different combinations of NPH insulin, R,
and/or premixed 70/30 (N and R) combined with/without oral anti-diabetic drugs. HbA1c: hemoglobin; SBP: systolic blood pressure; DBP: diastolic blood pressure; LDL-C: low-den-
sity lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol. Data are presented as mean (standard deviation) and tested by paired t-test. *Indicates significant difference
between baseline and week 12, P<0.05. **Indicates significant difference between baseline and week 12, P<0.001. 'Baseline refers to the time of starting ScilLin treatment.
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Figure 2. Differences in percentage of patients with normal HbA1c level (as defined by 7%) between baseline and
week 12 (final) measurements (efficacy analysis set). (A) Premixed group (n=1998); (B) N group (n=55); (C) R group
(n=126), and (D) Combination group (n=205). Normal HbA1c level, defined as 6.5%, was shown in the (E) premixed;
(F) N group; (G) R group, and (H) Combination group. The McNemar test was implemented. P<0.001 for all groups

regardless of cut-off points.

in all groups except for the N group between
baseline and week 12 (all P<0.05; Table 4).

Discussion

The results of this large-scale, observational,
real-world study reflect the true status of insu-
lin therapy in Chinese T2DM patients, providing
valuable evidence of the status of routine clini-
cal therapy for T2DM in China. The study found
that insulin therapy, using different treatment
regimens, significantly improved blood glucose
control in patients and was associated with a
relatively low incidence of severe hypoglyce-
mia. The results also revealed that blood glu-
cose levels were relatively high at the initiation
of insulin therapy in these patients, and that
initial therapy is actually started rather late in
China. In addition, there was a relatively high
incidence of complications and concomitant
diseases associated with T2DM, in particular
chronic complications and cardiovascular and
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cerebrovascular disease. Pre-mixed insulin
(premixed 70/30 [N and R]) as monotherapy
was the most commonly used human insulin
for treating T2DM. Overall, after the 12-week
insulin therapy, an increase in patients’ body
weight was not obvious, and the insulin doses
remained unchanged during the study.

Among T2DM patients, timely initiation of insu-
lin therapy relieves the load of islet 3 cells, rap-
idly improves hyperglycemia, attenuates hy-
perglycemia-induced toxicity, improves insulin
resistance and protects or even reverses resid-
ual B cell function [13]. The 2013 Chinese
Guideline for T2DM [6] recommends combined
therapy with OADs and insulin for T2DM
patients when lifestyle modifications and use
of OADs fail to control blood glucose. Insulin
therapy can be initiated when HbAlc is still
>7.0% after combined therapy with OADs at
high doses. Diabetic Chinese patients have
relatively low body weight and significant 3 cell
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deterioration, which results in reduced insulin
secretion, especially in the first-phase insulin
response [14]. In the present study, the mean
baseline HbAlc for all enrolled patients was
9.69%, and 54.1% of patients had HbAlc of
>9%, which does not adhere to the threshold of
HbA1C (7%) usually recommended for initiation
of insulin therapy. This also indicates that the
initiation of insulin therapy in Chinese T2DM
patients is relatively late. In addition to the
newly diagnosed T2DM patients, 21.68% of
patients were not receiving anti-diabetic thera-
py at baseline, which is not consistent with
Chinese guidelines [6], which state that timely
initiation of pharmacotherapy is preferred when
lifestyle modification fails to effectively control
blood glucose. Future studies must identify the
reasons for gaps between real-life insulin ther-
apy and the guideline recommendations.

In the present study, 51.73% patients had com-
plications or concomitant diseases associated
with T2DM at baseline, which consisted mainly
of chronic complications and cardiovascular/
cerebrovascular disease. At baseline, the pro-
portion of patients receiving lipid-lowering,
blood pressure-lowering and anti-platelet ther-
apies was low, suggesting that physicians
should emphasize the comprehensive manage-
ment of T2DM risk factors in clinical practice.

The results of the present study showed that
pre-mixed insulin was the most common treat-
ment (82.74%) among Chinese T2DM patients,
which was consistent with the results from a
previous Chinese study (89.8%) [15]. While
basal insulin (N) is often the first choice in initial
insulin therapy since it is a simple regimen, [16]
pre-mixed insulin is still widely used in T2DM
patients in China. Asian patients have a
reduced reserve capacity for insulin secretion
of islet B cells as compared to Caucasian
patients [17]. Additionally, the manifestations
of newly diagnosed T2DM are characterized by
increases in postprandial hyperglycemia, [4]
and pre-mixed insulin may be better able to
control both fasting and postprandial blood glu-
cose, making it one of the most commonly used
insulin in China. More recently, a premixed insu-
lin analogue, such as biphasic insulin aspart
30, may be used and has been shown to result
in better glycemic control in early T2DM [12,
18, 19].
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Insulin therapy using the different ScilLin proto-
cols described in the present study was found
to significantly improve blood glucose control
among T2DM patients. After 12 weeks of insu-
lin therapy, the overall HbAlc decreased from
9.69% at baseline to 7.35%, representing a
-2.34% overall reduction (P<0.0001). The mean
daily insulin dose at baseline and week 12 was
28.7 1U/d and 29.6 IU/d, respectively, and the
adjustment of insulin dose was not active, as
also observed in the Alchieve study [20]. In the
Alchieve study, the insulin dose in the Chinese
patient group increased from 31.0 IU/d at base-
line to 32.0 IU/d, which may be ascribed to the
concerns of physicians and patients regarding
insulin-induced body weight gain and hypogly-
cemia [20]. In addition, no SADR was observed.
The incidence of overall, nocturnal and severe
hypoglycemia was 18.32%, 7.1% and 0.26%,
respectively, and only one patient (0.04%)
developed what was considered to be severe
nocturnal hypoglycemia [20]. Another 4-month,
observational study conducted in Chinese
T2DM patients investigated the therapeutic
safety and efficacy of human insulin 70/30
[21]. Of 644 patients, 30.4% of the patients
experienced at least one hypoglycemia event
during insulin therapy, and the incidence of
severe hypoglycemia was 0.31%. In addition,
the Chinese cohort of the IMPROVE study by
Yang et al. [18] reported that 0.1% of subjects
receiving BlIAsp 30 experienced major hypogly-
cemia, and 73 SADRs (0.3%) were observed
after 26 weeks of insulin therapy. Given the
pre-defined blood glucose threshold of major
hypoglycemia events was 3.1 mmol/L in the
IMPROVE subgroup study [18] and 3.9 mmol/L
in the present study, on the basis of findings
from the above two observational studies, the
incidence of severe hypoglycemia was still low,
which might be ascribed to the emphasis on
patient education about the management of
blood glucose levels during insulin therapy.

Our results showed that, after 12 weeks of
therapy, the mean body weight among all sub-
jects increased by 0.12 Kg as compared to
baseline levels, which may be related to the
combined use of insulin and OADs. In the pres-
ent study, about half of patients received insu-
lin therapy with OADs, and metformin and/or
a-glucosidase inhibitors were the most com-
monly used drugs, which were both consistent
with guideline recommendations. Metformin in
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combination with insulin may attenuate body
weight gain following insulin therapy, and
reduce the required dose of exogenous insulin
[22, 23]. Similarly, a-glucosidase inhibitors in
combination with insulin may delay the gastro-
intestinal absorption of carbohydrates, effec-
tively improving blood glucose control, reducing
the required dose of insulin and reducing insu-
lin-induced weight gain [22]. The result of the
recent MARCH trial demonstrated that an
a-glucosidase inhibitor, acarbose, and metfor-
min had similar efficacy for newly diagnosed
patients with T2DM in China [24, 25]. In addi-
tion, we found that, besides improving HbAlc
levels, patients’ blood pressure and lipid levels
were also improved, suggesting that patient
education, comprehensive management of
T2DM and active lifestyle interventions might
have been enhanced with initiation of insulin
therapy in this study, which, in turn, is helpful
for the attenuation of body weight gain.

Certain limitations are inherent in this multi-
center, real-world observational study, includ-
ing the heterogeneity of local culture, econom-
ics, and patient and physician education levels,
which limits the generalizability of the results to
other populations. In addition, the baseline
patient characteristics among the treatment
groups differed (e.g., baseline blood glucose
levels and the presence of diabetes complica-
tions and co-morbidities) due to the nature of
the study design, which did not permit direct
comparisons between the groups in terms of
treatment efficacy or safety. Thus, only descrip-
tive data were presented. Also, the study was
conducted in multiple tertiary care centers in
China; therefore, the results may not translate
fully to daily practice in primary care settings.
Additionally, there is no tightly controlled popu-
lation or randomized control arm, which reduc-
es the certainty by which outcomes can be
ascribed to treatment and does not provide the
same robust evidence as randomized con-
trolled trials. The wide variance in the sizes of
the four insulin therapy groups precluded per-
forming statistical comparisons between the
groups, which would not show clinical signifi-
cance in this study. However, data from this
observational study provide an important evi-
dence base for routine insulin therapy among
Chinese T2DM patients in conjunction with
controlled clinical studies.
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In conclusion, the results of the present real-
world study indicate that the initiation of insulin
therapy is relatively late in Chinese T2DM
patients compared to international guidelines.
Half of patients with T2DM receiving insulin
therapy in this study were treated in combina-
tion with OADs, including primarily metformin
and/or «-glucosidase inhibitors. Pre-mixed
insulin is the most commonly used human insu-
lin in the initial insulin therapy in Chinese T2DM
patients. Insulin therapy with different proto-
cols appears to significantly improve glycemic
control in Chinese T2DM patients to a similar
extent, has a low incidence of severe hypogly-
cemia and may not significantly increase body
weight. The findings of the present study may
provide evidence for the improvement of glu-
cose control and insulin therapy in the diabetic
population in China.
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