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Abstract

Background: To investigate the different efficacies of glycemic control

between basal and premixed insulin in participants with type 2 diabetes

(T2DM) when non-insulin medications fail to reach treatment targets.

Methods: This was a prospective, large-scale, real-world study at 10 diabetes

centers in China. Between June 2017 and June 2021, we enrolled 1104 T2DM

participants initiated with either once-daily basal insulin or twice-daily pre-

mixed insulin when the glycosylated hemoglobin (HbA1c) control target was

not met after at least two non-insulin agents were administered. A Cox propor-

tional hazards regression model adjusting for multiple influencing factors was

Ying Peng, Peihong Xu, Juan Shi, and Yifei Zhang contributed equally to the study.

Received: 25 July 2021 Revised: 30 October 2021 Accepted: 25 November 2021

DOI: 10.1111/1753-0407.13245

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2022 The Authors. Journal of Diabetes published by Ruijin Hospital, Shanghai JiaoTong University School of Medicine and John Wiley & Sons Australia, Ltd.

134 Journal of Diabetes. 2022;14:134–143.wileyonlinelibrary.com/journal/jdb

https://orcid.org/0000-0003-1069-7000
https://orcid.org/0000-0003-2652-8084
https://orcid.org/0000-0003-0272-0602
https://orcid.org/0000-0001-8838-4771
https://orcid.org/0000-0002-9847-5439
https://orcid.org/0000-0002-3296-3384
mailto:wqingw61@163.com
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/jdb


of Major Metabolic Diseases, Grant/Award
Number: (No. Z155080000004); Chinese
Academy of Engineering, Grant/Award
Number: (2019-XZ-42); the SHMHDF,
Grant/Award Number: (No.
DMRFP_II_01); The Program for
Shanghai Outstanding Medical Academic
Leader, Grant/Award Number: (No.
2019LJ07)

performed to compare the different effects of basal and premixed insulin on

reaching the HbA1c control target.

Results: At baseline, basal insulin (57.3%) was prescribed more frequently

than premixed insulin (42.7%). Patients with a higher body mass index

(BMI) or higher HbA1c levels were more likely to receive premixed insulin

than basal insulin (both p < 0.001). After a median follow-up of

12.0 months, compared to those with premixed insulin, the hazard ratio for

reaching the HbA1c target to those with basal insulin was 1.10 (95% CI,

0.92-1.31; p = 0.29) after adjustment, and less weight gain was observed in

those with basal insulin than with premixed insulin (percentage change of

BMI from baseline �0.37[5.50]% vs 3.40[6.73]%, p < 0.0001).

Conclusions: In this real-world study, once-daily basal insulin was more fre-

quently prescribed and had similar glycemic control effects but less weight gain

compared with twice-daily premixed insulin when used as initiation therapy

for those in whom glycemic control with non-insulin medications failed.

KEYWORD S

basal insulin, body mass index, glycemic hemoglobin, premixed insulin, type 2 diabetes

Highlights

• In real-world practice in China, once-daily basal insulin was prescribed

more often than twice-daily premixed insulin to type 2 diabetes patients

uncontrolled with non-insulin medications.

• Treatment with once-daily basal insulin showed similar effects on reaching

glycosylated hemoglobin targets compared with twice-daily premixed insu-

lin, even after stratification by multiple influencing factors. Less weight gain

was observed in those treated with basal insulin than in those treated with

premixed insulin, which might be at least partially attributed to the lower

insulin dosage administered in the former group.

1 | INTRODUCTION

The prevalence of diabetes has increased dramatically
in the past three decades. Together with its related
acute and chronic complications, diabetes has become
a worldwide public health problem that accounts for
nearly 12% of overall health care costs globally.1,2 In
China, the situation is worse.3-6 According to a recent
survey, approximately 12.8% of adults living in China
suffer from diabetes, leading China to have the largest
absolute number of diabetes patients worldwide.6

Moreover, despite substantial advances in treatment
and care, a high proportion of patients with diabetes
still cannot reach treatment targets.3,7 Currently, when
glycosylated hemoglobin (HbA1c) is not well con-
trolled, add-on therapy with insulin is the next step for
patients with type 2 diabetes (T2DM) who fail glycemic

control with lifestyle intervention and non-insulin
agents, as recommended by most of the treatment
guidelines.8-12 However, which pattern should be the
first choice of insulin regimen at this stage is not con-
sistent across countries. Chinese guidelines for the
management of T2DM recommend the initiation of
insulin therapy with either basal insulin once daily or
premixed insulin twice daily when glycemic targets
could not be met after non-insulin medications;9 how-
ever, basal insulin is the only recommendation at this
step by the American Diabetes Association (ADA) and
the European Association for the Study of Diabetes
(EASD) statements.8,10 This difference is mainly based
on the consideration of the special diet structure (high
percentage of carbohydrates) and etiologic characteris-
tics of T2DM patients in China.13 However, the differ-
ent effects of the two regimens in clinical use had not
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been fully investigated. Currently, limited evidence has
been obtained in a few investigations.14-18 For instance,
one cross-sectional survey of 602 Chinese hospitals
demonstrated that premixed insulin showed better con-
trol of HbA1c than basal insulin for T2DM patients.14

Another pragmatic study with a randomized controlled
design indicated a similar change in least squares mean
HbA1c after 24 weeks of treatment between the basal
and premixed insulin groups.15 However, currently it is
still unclear which treatment modality is preferred by
doctors and is more effective for patients in China in
real-world application.

Therefore, we conducted a prospective study with up to
47 months of follow-up of T2DM patients to investigate the
different characteristics of basal and premixed insulin use
in real-world practice at 10 diabetes centers in China. The
main aims of the current study were to investigate (1) the
habits of Chinese endocrinologists in the choice of insulin
regimens when T2DM patients failed with non-insulin
medications and to evaluate the potential influencing fac-
tors, (2) different efficacies on glycemic control between
basal and premixed insulin used in these patients, and
(3) stratification analyses with multiple influencing factors
to evaluate the different efficacies of each insulin regimen
in the subgroups.

2 | METHODS

2.1 | Study population and design

From June 2017 through June 2021, we enrolled T2DM par-
ticipants from 10 diabetes centers known as National Meta-
bolic Management Centers (MMCs), which were located in
7 provinces in China, with follow-up data collected until
September 2021. A detailed introduction of the pilot,
nationwide, prospective MMC program can be found in
previous publications (ClinicalTrials.gov number,
NCT03811470).5,19,20 In the present study, we enrolled eligi-
ble participants from these MMCs according to the following
criteria: (1) T2DM participants aged ≥18 years who were
treated with lifestyle intervention and at least two kinds of
non-insulin medications at baseline; (2) participants with
unmet glycemic control targets (defined as HbA1c ≥ 7%) for
at least 3 months who were switched to either once-daily
basal insulin or twice-daily premixed insulin as the initiating
insulin regimen pattern; and (3) participants who attended a
follow-up visit for at least 3 months, during which period
the insulin administration pattern should not be changed
regardless of the changes in insulin dosage.

The Ethics Committees at Ruijin Hospital, Shanghai
Jiao Tong University School of Medicine, and at the other
participating centers (subsequently if necessary) approved

the study protocol. This study abided by the provisions of
the Declaration of Helsinki, and written informed consent
was provided by all the participants.

2.2 | Data collection and treatment

At baseline, a comprehensive clinical evaluation of each
participant at the 10 MMCs, including a detailed question-
naire, anthropometric parameters, laboratory testing data,
and diabetes-related complication examinations, was car-
ried out and updated at each visit when necessary,
according to a standard operation procedure.5,19 Briefly,
participants were in light clothes with shoes off to measure
height and body weight to calculate the body mass index
(BMI). Blood pressure was tested after ≥5 minutes of rest in
the seated position. Blood tests including fasting blood glu-
cose (FBG), fasting serum C peptide, HbA1c, and serum
lipid profiles tested at each local center were collected and
reported in the present analysis.

During baseline and each follow-up visit, the investi-
gators at each center prescribed the proper treatment pat-
tern to the participant and adjusted the insulin dosages
and concomitant non-insulin medications based on their
own judgment and according to the regular treatment
guideline at that time without special restriction. The
type, dosage, use frequency, and duration of each medi-
cation, as well as the corresponding changes, were
recorded in the digital database system. Basal insulin
referred to the long-acting forms of insulin, including
insulin glargine, detemir, and degludec, in the present
study. Since very few participants (n = 6) met the inclu-
sion criteria and used once-daily intermediate-acting
insulin (neutral protamine Hagedorn), we did not include
this type of insulin as a basal insulin regimen in the final
analysis. The premixed insulin included a different per-
centage of mixture of a short/fast-acting insulin with an
intermediate/long-acting insulin. The hypoglycemic epi-
sodes during follow-up visits were also recorded.

The primary outcome was the time to reach the
HbA1c control target (defined as HbA1c < 7% or percent-
age decrease of HbA1c from baseline >10%). The second-
ary outcomes included the differences and changes in
other metabolic parameters from baseline to the end of
follow-up between the two groups.

2.3 | Statistical analysis

All analyses were performed using R software (version 4.0.5,
R Foundation for Statistical Computing). We considered a
two-sided p value < 0.05 to be statistically significant. Con-
tinuous variables are presented as mean ± SD for normally
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distributed variables or the median (interquartile range,
IQR) for skewed variables. Categorical variables are pres-
ented as numbers and proportions. The analyses of continu-
ous and categorical variables to assess differences among the
two treatment patterns were determined by one-way analy-
sis of variance or the χ2 test. The change of metabolic
parameters after treatment within each group was analyzed
using the paired sample t test. For the primary outcome, a
Cox proportional hazards regression model was performed
to compare the different effects of basal and premixed insu-
lin, including univariable and multivariable adjustments, on
variables including sex, age, duration of diabetes, total cho-
lesterol, fasting serum C peptide, systolic blood pressure
(SBP), and HbA1c values at baseline. In addition, we per-
formed subgroup analyses in prespecified subgroups of age,
sex, HbA1c, BMI, SBP, and total cholesterol using multivari-
able Cox proportional hazards regression models with full
adjustment. For the percentage change in other metabolic

parameters from baseline, an analysis of covariance model
was used to examine the difference between basal and pre-
mixed insulin treatment groups adjusted for sex, age, dura-
tion of diabetes, total cholesterol, fasting serum C peptide,
SBP at baseline, and corresponding baseline value. While
comparing the percentage change of the diastolic blood pres-
sure (DBP) and low-density lipoprotein (LDL) cholesterol
levels between groups, baseline SBP and total cholesterol
were not adjusted accordingly.

3 | RESULTS

3.1 | Baseline clinical characteristics
of the participants

In total, 1104 T2DM participants with a mean (SD) age of
57.65 (10.21) years at the 10 study centers were enrolled

TABLE 1 Baseline characteristics of the participants

Total Premixed insulin Basal insulin p value

No. of participants 1104 471 633

Male sex, n (%) 561 (50.82%) 227 (48.20%) 334 (52.76%) 0.150

Family history of diabetes, n (%) 638 (60.59%) 255 (56.92%) 383 (63.31%) 0.042

History of hypertension, n (%) 515 (46.90%) 232 (49.47%) 283 (44.99%) 0.159

Hypertensive medication use, n (%) 505 (45.83%) 227 (48.20%) 278 (44.06%) 0.193

History of dyslipidemia, n (%) 344 (31.39%) 144 (30.84%) 200 (31.80%) 0.785

Ideal smoking, n (%) 839 (76.27%) 359 (76.38%) 480 (76.19%) 0.998

Drinker, n (%) 100 (9.08%) 40 (8.51%) 60 (9.51%) 0.643

Age, y 57.65 ± 10.21 57.65 ± 9.93 57.65 ± 10.41 0.992

Duration of diabetes, y 10.68 ± 6.44 10.41 ± 6.54 10.89 ± 6.35 0.223

BMI, kg/m2 25.27 ± 3.47 25.71 ± 3.49 24.95 ± 3.42 0.0003

Body weight, kg 67.07 ± 11.73 67.77 ± 11.76 66.54 ± 11.70 0.089

Visceral fat area, cm2 94.57 ± 40.82 93.85 ± 39.63 95.21 ± 41.90 0.641

Waist circumference, cm 90.24 ± 9.78 91.21 ± 10.03 89.48 ± 9.53 0.005

SBP, mmHg 131.54 ± 18.93 133.97 ± 20.42 129.73 ± 17.55 0.0003

DBP, mmHg 76.13 ± 11.37 77.80 ± 12.01 74.88 ± 10.70 <0.0001

Fasting blood glucose, mmol/L 11.26 ± 4.00 12.10 ± 4.58 10.63 ± 3.36 <0.0001

Fasting serum C peptide, ng/mL 1.87 (1.26, 2.69) 1.90 (1.24, 2.80) 1.82 (1.30, 2.58) 0.751

HbA1c, % 9.49 ± 1.67 9.99 ± 1.78 9.12 ± 1.48 <0.0001

Triglycerides, mmol/L 1.59 (1.08, 2.36) 1.63 (1.14, 2.42) 1.55 (1.05, 2.30) 0.265

Total cholesterol, mmol/L 4.81 ± 1.31 4.96 ± 1.29 4.70 ± 1.32 0.001

HDL cholesterol, mmol/L 1.23 ± 0.36 1.25 ± 0.38 1.21 ± 0.34 0.106

LDL cholesterol, mmol/L 2.86 ± 1.04 3.06 ± 1.09 2.71 ± 0.98 <0.0001

Note: Data are mean ± SD, median (interquartile range), or n (%).
Note: The p values refer to comparison between premixed insulin group and basal insulin group using one-way ANOVA or χ2 test.
Abbreviations: ANOVA, analysis of variance; BMI, body mass index; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; HDL, high-density

lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure.
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in the present analysis, among whom 471 (42.7%) partici-
pants received twice-daily premixed insulin and
633 (57.3%) received once-daily basal insulin. At baseline,

clinical characteristics, including age, sex, diabetes dura-
tion, history of hypertension and dyslipidemia, and
smoking and drinking histories, were not significantly
different between the two groups (Table 1). However,
compared with participants in the basal insulin group,
those in the premixed insulin group had relatively higher
FBG, HbA1c, BMI, waist circumference, blood pressure,
and total and LDL cholesterol concentrations
(all p < 0.01).

3.2 | Glycemic control

After a median (IQR) follow-up of 12.0 (6.0, 23.0)
months, the mean (SD) HbA1c values decreased signifi-
cantly from 9.99 (1.78)% to 8.41 (1.73)% in the premixed
insulin group, and from 9.12 (1.48)% to 7.99 (1.45)% in
the basal insulin group (both p < 0.001).

After treatment, a total of 295 (62.6%) participants in
the premixed insulin group and 361 (57.0%) participants

FIGURE 1 Kaplan–Meier curves for the time to reach of the

HbA1c control target: basal insulin (green line) vs premixed insulin

(red line)

TABLE 2 Hazard ratios for the treatment target of basal insulin and premixed insulin

Treatment target
Unadjusted model Adjusted modela

n (%) HR (95% CI) p value HR (95% CI) p value

Premixed insulin 295 (62.6%) Reference Reference

Basal insulin 361 (57.0%) 0.96 (0.83, 1.13) 0.65 1.10 (0.92, 1.31) 0.29

Note: HR and 95% CI were evaluated using Cox proportional hazards regression model.
Abbreviations: HbA1c, glycosylated hemoglobin; HR, hazard ratio.
aAdjusted for sex, age, duration of diabetes, total cholesterol, fasting serum C peptide, systolic blood pressure, and HbA1c at baseline.

TABLE 3 Main clinical characteristics after treatments

Total (N = 1104) Premixed insulin (n = 471) Basal insulin (n = 633)

Last visit
Percentage
change (%)a Last visit

Percentage
change (%)a Last visit

Percentage
change (%)a p value

BMI, kg/m2 25.55 ± 3.52 1.25 ± 6.34 26.59 ± 3.60 3.40 ± 6.73 24.76 ± 3.25 �0.37 ± 5.50 <0.0001

HbA1c, % 8.17 ± 1.58 �11.82 ± 18.99 8.41 ± 1.73 �13.30 ± 20.59 7.99 ± 1.45 �10.75 ± 17.69 0.054

Fasting blood glucose,
mmol/L

9.23 ± 3.77 �10.47 ± 44.08 10.18 ± 4.19 �5.99 ± 50.56 8.53 ± 3.25 �13.81 ± 38.25 <0.0001

SBP, mmHg 131.86 ± 19.39 1.23 ± 15.16 136.57 ± 20.74 2.96 ± 16.48 128.28 ± 17.49 �0.07 ± 13.97 <0.0001

DBP, mmHg 75.29 ± 10.60 �0.22 ± 14.42 77.66 ± 11.24 0.76 ± 14.67 73.49 ± 9.73 �0.96 ± 14.19 0.0002

Total cholesterol, mmol/L 4.51 ± 1.17 �3.00 ± 24.92 4.70 ± 1.19 �3.18 ± 23.12 4.38 ± 1.14 �2.87 ± 26.14 0.025

Triglycerides, mmol/L 1.47 (0.99, 2.19) 3.74 ± 62.30 1.59 (1.07, 2.32) 11.53 ± 73.83 1.37 (0.93, 2.14) �1.79 ± 51.98 0.0005

LDL cholesterol, mmol/L 2.55 ± 0.95 �4.85 ± 37.01 2.71 ± 0.96 �6.67 ± 32.20 2.43 ± 0.93 �3.55 ± 40.06 0.080

Note: The p values refer to comparison between premixed insulin group and basal insulin group using analysis of covariance model adjusted for sex, age,
duration of diabetes, total cholesterol, fasting serum C peptide, SBP at baseline, and corresponding baseline value. While calculating the p values for DBP and
LDL cholesterol percentage change between groups, baseline SBP and total cholesterol were not adjusted, respectively.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; LDL, low-density lipoprotein; SBP, systolic blood

pressure.
aThe values are the changes from baseline divided by the baseline value.

138 PENG ET AL.



in the basal insulin group achieved a glycemic control
target (HbA1c <7% or percentage decrease of HbA1c
value >10%). Compared with those treated with pre-
mixed insulin, the hazard ratio (HR) for the treatment
target for those with basal insulin was 1.10 (95% CI,
0.92-1.31; p = 0.29) after adjusting for multiple influenc-
ing factors (Figure 1, Table 2). We further analyzed the
difference between basal and premixed insulin treatment
groups in percentage HbA1c change from baseline to the
last visit for multivariable adjustments (Table 3). The
results indicated that no significant difference was found
between the premixed and basal insulin group in mean
(SD) percentage change of HbA1c (�13.30 [20.59]% vs
�10.75 [17.69]%, p = 0.054).

The types of hypoglycemic medications analyzed in
the present study are listed in the Table S1. The mean
(SD) dose of insulin at baseline was 31.98 (11.04) IU/d
and 12.51 (5.38) IU/d in the premixed and basal insulin
groups, respectively, and was slightly increased to 33.84
(10.97) IU/d and 13.88 (5.84) IU/d in the premixed and
basal insulin groups, respectively, at the end of follow-up
(Table S2). The mean (SD) types of concomitant non-
insulin medications used in the basal insulin group were
higher than those in the premixed insulin group (-
Table S2). During the follow-up period, the percentage of
patients who reported a hypoglycemic episode was lower

FIGURE 2 Percentage change of body mass index from

baseline. *** p values < 0.0001, refer to comparison between

premixed insulin group and basal insulin group using analysis of

covariance model adjusted for sex, age and duration of diabetes,

BMI, total cholesterol, fasting serum C peptide, and SBP at

baseline. BMI, body mass index

FIGURE 3 Subgroup analyses on

basal and premixed insulin groups

reaching glycemic control target.

Analyses were adjusting for sex, age,

duration of diabetes, total cholesterol,

fasting serum C peptide, systolic blood

pressure, and HbA1c at baseline, if not

be stratified, with premixed insulin as

reference group. BMI, body mass index;

SBP, systolic blood pressure; DBP,

diastolic blood pressure; HbA1c,

glycated hemoglobin; CI, confidence

interval; HR, hazard ratio
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in the basal insulin group than that in the premixed insu-
lin group (9.6% vs 14.9%, p = 0.018).

3.3 | Change in other metabolic
parameters

In addition to HbA1c, both study groups showed a signif-
icant decrease in FBG, total cholesterol, and LDL choles-
terol concentrations after treatment (Table 3). The mean
(SD) percentage change in BMI from baseline was signifi-
cantly different between the premixed and basal insulin
group (3.40 [6.73]% vs �0.37 [5.50]%, p < 0.0001)
(Figure 2, Table 3). Similar results were observed in the
percentage change of FBG, SBP, DBP, total cholesterol,
and triglyceride concentrations between groups (Table 3).

3.4 | Subgroup analyses

Since bias was observed in certain baseline characteristics
in the two insulin treatment groups, we further stratified
the participants into subgroups and performed analyses
based on multivariable Cox proportional hazards regres-
sion models with full adjustment to elucidate the influ-
ence of these factors on the efficacy of the two insulin
regimens. The results showed that after stratification by
sex, age, HbA1c, BMI, and total cholesterol similar
results were obtained, and no difference was found in
reaching the glycemic control target between the pre-
mixed and basal insulin groups. Except that in the strati-
fication with SBP ≥ 130 mmHg a marginally significant
difference was found between the two treatment groups
(p = 0.04) (Figure 3).

4 | DISCUSSION

In this prospective, large-scale, real-world study with a
relatively long duration at 10 MMC centers, we investi-
gated the habits of Chinese endocrinologists in insulin
prescription and the effects of once-daily basal insulin
and twice-daily premixed insulin regimens when non-
insulin agents failed to meet glycemic control targets in
1104 T2DM participants. The results indicated that, on
the basis of current diabetes guidelines, basal insulin was
prescribed more often than premixed insulin at initiation.
Patients with a higher BMI and with worse metabolic
control were more likely to receive premixed insulin than
basal insulin. After a median follow-up of 12.0 months,
treatment with basal insulin showed similar effects on
reaching HbA1c targets compared with premixed insulin,
even after adjustment and stratification by sex, age,

HbA1c, BMI, and total cholesterol, indicating a similar
effect on glycemic control between the two insulin
regimens.

Once-daily basal insulin and twice-daily premixed
insulin are two alternatives when initiating insulin ther-
apy in those who failed lifestyle intervention and non-
insulin medications recommended by the Chinese guide-
line on T2DM management.9 This is different from the
consensus of ADA and EASD, which only recommended
basal insulin administration at this step.8,10 Several stud-
ies compared the different effects and safety of premixed
insulin and basal insulin administration in Chinese
patients.14-18 One pragmatic real-world study by Zhang
et al indicated that after 24 weeks of treatment least
squares mean changes in HbA1c were �2.00% for the
basal insulin and �2.15% for the premixed insulin (with
mid-mixture insulin analog) group, with no significant
difference found between the two groups. However, the
study found that numerically, a higher percentage of
patients achieved the HbA1c target in the premixed insu-
lin group (34%) than in the basal insulin group (28.5%).
No severe hypoglycemic episode was observed, and both
therapies yielded small weight gains during interven-
tion.15 Similar results were found by Yang et al., which
indicated that a once-daily premixed insulin analog had a
noninferior efficacy on HbA1c reduction in Chinese and
Japanese T2DM patients uncontrolled with metformin
and a sulfonylurea.17 However, a cross-sectional survey
by Liu et al. in 602 Chinese hospitals found a better glyce-
mic control effect in patients receiving premixed insulin
compared with those receiving basal insulin, and more
patients achieved the HbA1c target than those with basal
insulin, even after stratification with different factors.14

Similar results were found by Lee et al.16 All these studies
are highly heterogeneous in design, and no conclusion
could be drawn regarding which regimen is better based
on this limited evidence.

The present study indicates that patients who failed
to meet the HbA1c targets of <7% and switched from
baseline non-insulin medications to either once-daily
basal insulin or twice-daily premixed insulin regimens
both achieved a significant HbA1c decrease after a
median follow-up of 12.0 months. No difference was
found in meeting HbA1c targets between the two groups
by the Cox proportional hazards regression model
adjusting for multiple influencing factors (1.10 [95% CI,
0.92-1.31; p = 0.29]). We chose the time-to-HbA1c target
as primary outcome since HbA1c < 7% is an important
glycemic control target for most of the T2DM patients
according to the current guidelines. Furthermore, to
achieve a lower HbA1c level might be accompanied with
more episodes of hypoglycemia, especially for patients
with insulin administration. Therefore, time-to-target
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HbA1c might be a better indicator to reflect the advan-
tages of a certain insulin treatment pattern than a
decrease in HbA1c level. Moreover, considering the
inconsistency in the baseline HbA1c between the two
study groups (participants in the premixed insulin group
had a relatively higher baseline HbA1c level than those
in the basal insulin group), we added a HbA1c > 10%
decrease from baseline as a supplementary criterion in
the primary outcome.

Relatively less total daily dosage of insulin but more
types of concomitant non-insulin medications enable
the once-daily basal insulin to achieve similar glycemic
control effects compared with twice-daily premixed
insulin. Moreover, less weight gain was observed in
those treated with basal insulin than in the premixed
insulin group, which might be at least partially attrib-
uted to the lower insulin dosage administered in the
basal insulin group.

Another important finding in the present study was
that at baseline once-daily basal insulin (57.3%) was
more frequently prescribed by doctors than twice-daily
premixed insulin (42.7%). This finding was different
from the JADE study which found that during 2007
through 2017 in 11 Asian countries/regions both pre-
mixed insulin (44%) and basal-only (42%) insulin were
the two most commonly used insulin regimens with
similar percentages of prescriptions.21 However, the
authors did not offer the change of insulin use pattern
over time during such a large time span. Another early
study using data from the city of Tianjin during 2009
through 2010 found that while initiating insulin ther-
apy in T2DM patients more patients were prescribed
premixed insulin (77.3%) than basal (11.8%) insulin.22

These findings, to some extent, reflect the changes and
tendency of Chinese doctors during recent years to
decrease daily insulin injection frequencies and dos-
ages use in order to increase patient compliance and
minimize weight gain when choosing insulin treatment
patterns.

Moreover, we investigated the factors that might
influence the choice of insulin regimens of the doctors,
and we found that the doctors preferred to prescribe
twice-daily premixed insulin (31.98 [11.04] IU/d at initi-
ation) rather than once-daily basal insulin (12.51 [5.38]
IU/d at initiation) to those who had higher BMI and
HbA1c levels at initiation. The daily insulin dosages
used in the present study in each group were similar to
those found in other studies.15,23 These findings
suggested that doctors preferred the twice-daily admin-
istration of insulin to those with higher insulin dosages
used (given on the basis of patient body weight) or with
poorer glycemic control at initiation. However, when we
further stratified patients into different HbA1c and BMI

subgroups, the results showed no difference in the effi-
cacies of glycemic control between the two insulin treat-
ment groups in either the HbA1c < 9% or ≥ 9%
subgroups (p = 0.64 and 0.21, respectively) or the
BMI < 25 or ≥ 25 kg/m2 subgroups (p = 0.95, and 0.23,
respectively). Stratification analyses in other subgroups
yielded similar results. Therefore, the results of sub-
group analyses indicated that worse metabolic situa-
tions, especially HbA1c levels and BMI, might not be
considered for the selection of different insulin regimens
in those not controlled with non-insulin medications.
Moreover, since less weight gain and fewer hypoglyce-
mic episodes were observed in the basal insulin group
than in the premixed insulin group, basal insulin once-
daily accompanied by other non-insulin medications
might be a better choice at this stage for patients who
fail to achieve HbA1c targets. However, other factors,
including economic affordability, patients' dietary
habits, and willingness to accept insulin and non-
insulin combinations and intense visits to the clinics,
should also be taken into consideration when changes
are made at this stage.24

This study has several strengths. First, this is a
large, multi-center, real-world registry study to investi-
gate insulin administration habits in China in routine
clinical practice. Second, the types of insulin used in
the present study are varied, which could better reflect
the current situation in real-world practice than a ran-
domized controlled trial (RCT). Moreover, with the rel-
atively longer duration of follow-up (up to 47 months)
rather than cross-sectional observation, the study
results could offer reliable evidence to decision-makers
for future changes to the treatment guidelines in
China.

The present study has several limitations. First,
because of the prospectively observational study
design, the baseline characteristics were not compara-
ble between the two groups, the subgroup analyses
were post hoc, and the follow-up time is limited, which
may underestimate the advantages of a certain treat-
ment pattern. However, since real-world evidence bet-
ter reflects the proper characteristics in the present
situation, the results could be complementary to those
from RCTs. Second, the concomitant non-insulin medi-
cations accompanied by insulin therapy were different
between participants and study groups; therefore, the
comparison of the effects between the two insulin regi-
mens could not be equal to the effects of insulin itself,
and we should take caution when interpreting the cur-
rent findings.

In conclusion, in this real-world, prospective study
with a long follow-up duration at 10 diabetes centers in
China, we investigated the habits of doctors on the
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choice of insulin initiation patterns when non-insulin
medication failed to meet glycemic control targets. Dur-
ing a median 12.0 months follow-up, similar glycemic
control effects were found between the once-daily basal
insulin and the twice-daily premixed insulin regimens,
with less weight gain and fewer hypoglycemic episodes
observed in the basal insulin group, which indicates that
the once-daily basal insulin regimens with concomitant
non-insulin medication might be a preferred treatment
pattern when switching to insulin treatment for the fail-
ure of non-insulin medications in Chinese T2DM
patients.
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