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ABSTRACT

Introduction: To assess and compare per-day
anti-diabetic medication costs for Chinese type-
2 diabetes mellitus (T2DM) insulin-naive
patients between those who initiated premixed
insulin analogs (“premixed group”) and those
who initiated long-acting insulin analogs
(“long-acting group”).

Methods: Data were obtained from an elec-
tronic medical record database between
2010.01.01 and 2015.06.30 covering medical
encounter records from all general hospitals in a
district from Shanghai, China. Insulin-naive
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T2DM patients who were aged > 18 years, trea-
ted with an oral anti-diabetic drug (OAD) only
during the baseline period (3 months prior to
insulin initiation), and initiated premixed or
long-acting insulin analogs were included.
Patients were followed until index insulin dis-
continuation or 12 months after initiation,
whichever came first. The t test and generalized
linear models adjusting for propensity score (PS)
(including baseline demographics, number of
OAD classes, comorbidities, costs, and health-
care resource utilization) were used to examine
the differences between the two insulin groups.
Results: A total of 570 and 185 patients were
identified for the premixed and long-acting
groups, with mean (SD) ages of 63.0 (12.8) and
61.1 (11.9) (P =0.08) and male proportions of
47.4% and 51.4% (P = 0.35), respectively. Dur-
ing the baseline period, 19.3% of the premixed
users had T2DM-related hospitalizations, while
the rate was 12.4% in the long-acting group
(P =0.03). The mean number of T2DM-related
outpatient visits was 0.98 and 1.23 for the pre-
mixed and long-acting groups, respectively
(P =0.07). During the follow-up period, the per-
day insulin dose averaged 31.7 and 15.3 inter-
national units (IU) for the premixed and long-
acting groups, respectively. Compared with the
patients on premixed insulin, the mean per-day
cost for patients on long-acting insulin was
37.3% higher [15.3 vs 11.2 Chinese yuan (RMB);
mean difference (MD) (95% CI): 4.2 (3.2, 5.1)]
for the overall anti-diabetes medication, 81.3%
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higher [3.3 vs 1.8 RMB; MD (95% CI): 1.5 (0.8,
2.2)] for OAD, and 28.6% higher [12.0 vs 9.3
RMB; MD (95% CI): 2.7 (2.1, 3.3)] for insulin.
The results were consistent after adjusting for
the PS.

Conclusion: Among Chinese T2DM insulin-
naive patients, those who initiated premixed
insulin had a lower per-day antidiabetic medi-
cation cost than those who initiated long-acting
insulin.

Funding: Lilly Suzhou Pharmaceutical Co. Ltd,
China.

Keywords: China; Cost; Insulin analog; Type 2
diabetes mellitus

INTRODUCTION

The increasing number of patients with diabetes
mellitus poses a significant threat to health care
systems worldwide. Based on 2015 Interna-
tional Diabetes Federation data, the prevalence
of diabetes among people aged 20-79 years
reached 8.8%. China accounts for approxi-
mately 26.5% of the 415 million diabetes mel-
litus patients around the world [1]. According to
recent estimates, the number of patients with
diabetes in China is expected to increase from
109.6 million in 2015 to 150.7 million by the
year 2040 [2]. Type 2 diabetes mellitus (T2DM)
is the dominant type in China, with its preva-
lence reaching 9.7%, accounting for more than
90% of the overall diabetes population in China
[3].

Diabetes is associated with substantial med-
ical costs in China, which exert a substantial
economic impact on its national health system
[5]. China’s direct medical cost of diabetes in
2004 reached 57.5 billion RMB (6.95 billion
USD in 2004), accounting for 7.57% of China’s
total health expenditure. In 2010, the treatment
cost of diabetes in China was approximately
173.4 billion RMB (25 billion USD), accounting
for approximately 13% of China’s total health
expenditure; in 2015, this number surged to 51
billion USD [6].

The American Diabetes Association (ADA)/
European Association for the Study of Diabetes

(EASD) issued guidelines recommending long-
acting insulin for patients with HbA1C >7.0%
after treatment with two oral antidiabetic drugs
(OADs). Based on Chinese patient characteris-
tics and clinical practice, Chinese treatment
guidelines for T2DM in 2013 also recommended
premixed insulin as initiation insulin after OAD
failure [7].

In China, approximately 34% of T2DM
patients are treated with insulin, and approxi-
mately two-thirds of those are on premixed
insulin due to the need to control their high
postprandial blood sugar levels. 27% of T2DM
patients managed their diabetes with OADs and
insulin [3, 6].

Insulin analogs have been widely used in
China due to their advantages over traditional
human insulin, such as a reduced risk of hypo-
glycemia, injection time flexibility, and conve-
nience [8]. Numerous studies have compared
premixed insulin analogs and long-acting
insulin analogs from an efficacy and safety
perspective [9]; however, in an era when the
cost of clinical management has become
increasingly critical in real-world clinical deci-
sion making, it is important to compare a pre-
mixed insulin analog regime with a long-acting
insulin analog regime from a real-world cost
perspective [6].

The purpose of this study was to assess and
compare per-day antidiabetic medication costs,
direct medical costs, and health resource uti-
lization for Chinese T2DM insulin-naive
patients during the 12-month follow-up period
between patients who initiated premixed insu-
lin analogs and those who initiated long-acting
insulin analogs.

METHODS

Data Source

The Shanghai Minhang electronic medical
record (EMR) database system, which is orga-
nized and supported by the Minhang Health
and Family Planning Commission and covers
approximately two million residents of the
Minhang district of Shanghai, was the primary
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data source for this study. Currently, there are
approximately 210,000 patients with detailed
longitudinal follow-up information in this
database, including demographics, diagnosis,
treatments, procedures, hospitalizations, lab
information, insurance status, and other related
information.

A retrospective analysis was conducted using
anonymized records between 1 January 2010
and 30 June 2015 from three comprehensive
hospitals in the Minhang district (i.e., Fifth
People’s Hospital, Wujin Hospital, and Min-
hang District Central Hospital).

Patients who were diagnosed with T2DM,
aged > 18 years, and insulin naive (defined as
not having used any type of insulin for at least
three months prior to insulin initiation), had
initiated either premixed or long-acting insulin
at the index date, and had trackable data cov-
ering >12 months of continuous follow-up after
insulin initiation were included in this study.
Because the data were retrospectively extracted
and only anonymized records were used in the
analysis, ethical approval and written informed
patient consent were not required for this study.
This article does not contain any studies with
human participants or animals performed by
any of the authors.

Endpoints are defined and calculated as fol-
lows: per-day antidiabetic medication cost/in-
sulin cost/OAD cost are defined as the total
antidiabetic treatment cost/insulin cost/OAD
cost from index insulin prescription to discon-
tinuation divided by the number of days during
the period. Discontinuation is defined as either
switching to other antidiabetic medications or
stopping the index insulin for > 90 days within
one year after the index insulin prescription
date. Index insulin persistence is defined as the
time to index insulin discontinuation from the
index date. OAD use is defined as any OAD used
during the six months following the index date.
Health care resource use is defined as inpatient
and outpatient visits either for T2DM or for all-
cause disease during the index insulin persis-
tence period. Total medical cost is defined as the
cost of either T2DM or all-cause disease during
the index insulin persistence period.

Statistical Analysis

The baseline characteristics of the patients were
compared between the premixed and long-act-
ing groups using the two-sample f test for con-
tinuous variables and the chi-square test for
categorical variables. The cost and time-to-
event endpoints were analyzed using a gener-
alized linear model with a log link function and
gamma distribution and the Cox proportional
hazards model, respectively [10]. All unbal-
anced characteristics were included to calculate
the propensity score (PS), and the PS was
adjusted for as the covariate in the model.

A two-sided significance level of 0.05 was
used. Adjustments for multiplicity were not
made due to the exploratory purpose of this
work. All analyses were conducted using STATA
SE 12.0.

RESULTS

Analyzed Population

Between 1 January 2010 and 30 June 2015, a
total of 16,891 patients were diagnosed with
T2DM and prescribed insulin. Of these, 755
patients (570 patients initiating premixed
insulin analog and 185 patients initiating long-
acting insulin analog at the index date) were
included in the analysis. Patient flow is detailed
in Fig. 1.

Demographics and Baseline Clinical
Characteristics

There were several statistically significant dif-
ferences in the baseline characteristics between
the premixed and long-acting groups (Table 1).
Specifically, patients in the premixed group
used fewer OAD(s), had more inpatient visits for
either T2DM or all causes, and spent less on
medical costs for outpatient visits for either
T2DM or all causes (all P < 0.05). Patients in the
premixed group had a higher initial insulin
dosage (29.6 IU) than those in the long-acting
group (12.3 IU) (P <0.0001) (Table 1).
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Fig. 1 Patient flow chart

Insulin and OAD Exposure After the Index
Date

During the 12-month follow-up period, no sig-
nificant difference in index insulin persistence
was observed between the two groups: the
treatment persistence rate was 23.5% and 31.9%
and the median time to index insulin discon-
tinuation was 113.5 and 126.7 days for the
premixed group and the long-acting group,
respectively (P = 0.07).

Patients in the premixed group injected
more insulin per day (mean daily dose, 31.7 IU
vs. 15.31U; P <0.0001), and a smaller percent-
age of them used OADs (33.0% vs. 45.4%;
P=0.002) compared with the long-acting
group during the six-month follow-up period

(Fig. 2).
Per-Day Cost of Antidiabetic Medications

The mean (SD) per-day costs of antidiabetic
medications, insulin, and noninsulin antidia-
betic medications during the period following
initiation and before discontinuation were
plotted (Fig. 3). A statistically significant differ-
ence in per-day costs was observed between the
two groups. The patients in the premixed group

spent less on antidiabetic medications per day.
The crude mean difference in per-day costs was
—4.2, — 1.5, and — 2.7 for antidiabetic medi-
cations, noninsulin antidiabetic medications,
and insulin, respectively [all P < 0.0001 (unad-
justed)]. Among those requiring a higher daily
insulin dose (> 20 IU), patients in the premixed
group spent less on antidiabetic medications
per day, with the cost difference between the
two groups being even larger. The crude mean
difference in per-day costs was — 15.5, — 2.7,
and — 12.8 for antidiabetic medications, non-
insulin antidiabetic medications, and insulin,
respectively [all P < 0.001 (unadjusted)] (Fig. 4).

T2DM-Related Health Care Resource Use
and Total Direct Medical Costs

During the period following initiation and
before discontinuation, there was no significant
difference in T2DM-related hospitalization
between the two insulin groups (P = 0.404). The
patients in the premixed group made fewer
outpatient visits and spent less on total medical
costs (all P <0.002) compared with those in the
long-acting group (Table 2).

Health Care Resource Use and Total Direct
Medical Costs

During the period following initiation and
before discontinuation, there was no significant
difference in all-cause hospitalization and out-
patient visits between the two insulin groups
(P =0.449 and P =0.133). Patients in the pre-
mixed group spent less on total medical costs
and less on outpatient medical costs (all
P <0.02) compared with those in the long-act-
ing group (Table 3).

DISCUSSION

Treatment cost has become an important factor
in health care decision making, especially when
there are many medications with similar clini-
cal efficacies to choose from [11]. It is critical
that we analyze the cost difference from a real-
world perspective to provide economic
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Table 1 Demographics and baseline characteristics
Premixed insulin Long-acting insulin P value
(n = 570) (n = 185)
Age, mean (SD), years 63.0 (12.8) 61.1 (11.9) 0.0803
> 60, no. (%) 361.0 (63.3) 107.0 (57.8) 0.181
Female, no. (%) 300.0 (52.6) 90.0 (48.7) 0.346
Insulin dosage at index date, mean (SD), IU 29.6 (7.9) 12.3 (4.8) <0.0001
OAD classes, no. (%)
0 418.0 (73.3) 97.0 (52.4) <0.001
1 64.0 (11.2) 28.0 (15.1)
2 58.0 (10.2) 32.0 (17.3)
>2 30.0 (5.3) 28.0 (15.1)
Inpatient visits for T2DM, no. (%)
0 460.0 (80.7) 162.0 (87.6) 0.033
1 110.0 (19.3) 23.0 (12.4)
Inpatient visits for all causes, no. (%)
0 377.0 (66.1) 152.0 (82.2) <0.001
1 188.0 (33.0) 29.0 (15.7)
2 5 (0.9) 3.0 (1.6)
3 0 1.0 (0.5)
Outpatient visits for T2DM, mean (SD), no. 1.0 (1.6) 12 (17) 0.0704
Outpatient visits for all causes, mean (SD), no. 27 32) 2.8 (2.9) 0.6389
Total medical costs for T2DM, mean (SD), RMB  227.0 (1079.0) 327.0 (990.0) 0.2977
Total medical costs for all causes, mean (SD), RMB  276.0 (1209.0) 421.0 (1229.0) 0.2109
Total inpatient medical costs for T2DM, mean (SD), 110.0 (1051.0) 103.0 (927.0) 0.935
RMB
Total inpatient medical costs for all causes, mean (SD), 134.0 (1158.0) 160.0 (1146.0) 0.8114
RMB
Total outpatient medical costs for T2DM, mean (SD), 121.0 (261.0) 235.0 (348.0) <0.0001
RMB
Total outpatient medical costs for all causes, mean 159.0 (344.0) 272.0 (365.0) 0.0001

(SD), RMB

Baseline window was defined as three months before the index insulin prescription date

0AD oral antidiabetic drug, 72DM type 2 diabetes mellitus, RMB renminbi, the official currency of China, SD standard

deviation of the mean
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Fig. 2 Oral antidiabetic drug exposure during the six months following insulin initiation
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Fig. 4 Per-day cost (in RMB) for those with a daily insulin dose of > 20 U

treatment cost have been demonstrated
through an economic modeling methodology

evidence to support optimal clinical treatment
decisions.

The advantages of premixed insulin over
long-acting insulin in terms of long-term

[5]. Our study further proves it from a real-world
perspective by following two retrospective
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cohorts of insulin-naive patients during the
one-year period from their first use of insulin
until discontinuation in order to study their
respective treatment costs. We conducted this
analysis with a comprehensive viewpoint from
a cost perspective and considered all antidia-
betic medications, which better reflects what
happens in real-world diagnostics and treat-
ment environments.

Our study results suggest that, in China,
long-acting insulin users pay more (mean dif-
ference 4.17 RMB) for diabetes-related medica-
tion each day than do premixed users. The gap
becomes even wider for those on higher insulin
dosages. This is likely attributable to the facts
that (1) the unit price is higher for long-acting
insulin and (2) Chinese long-acting insulin
users used more OADs as combination therapies
to control postprandial blood sugar. This is
consistent with our study’s finding that patients
from the long-acting group used more OAD
classes during both the three-month baseline
period before the index insulin prescription and
six months after insulin initiation compared
with the premixed group.

Patients on premixed insulin injected higher
doses compared with long-acting insulin users.
This relates to component differences between
the two kinds of insulin. Premixed delivers both
long-acting (protaminated portion) and pran-
dial (insulin lispro/insulin aspart) insulin in one
injection at mealtimes [12]. Although the daily
dose needed to achieve the extended effect
(protaminated portion) for premixed users is
comparable to that for their long-acting coun-
terparts, its improved HbA1C reduction and
better control of postprandial blood sugar con-
tributes to the rapid-acting component of pre-
mixed insulin, which accounts for
approximately 30% of the total daily dosage [9].

Our study findings also indicate that patients
in the long-acting group used more OAD classes
six months after insulin initiation compared
with the premixed group, which may partially
explain the higher per-day cost and lower
insulin dosage for long-acting users; however,
due to data limitations, records for patients
prescribed OADs in community health care
centers could not be used in our study. There-
fore, true OAD usage is underestimated.

Qayyum et al. [13] conducted a systematic
review of a series of published comparison
studies on long-acting and premixed insulin
and found that premixed analogs showed better
performance in postprandial blood sugar and
HbA1C reduction, whereas long-acting analogs
succeeded in reducing fasting plasma glucose
levels.

Glycemic control for Chinese patients with
T2DM is suboptimal, because insulin therapy is
initiated rather late. They tend to have early
pancreatic beta-cell dysfunction and early
reduction of the insulin secretion peak, leading
to more severe postprandial hyperglycemia,
which is made even more serious by the tradi-
tional Chinese high-carbohydrate diet. There-
fore, the lifestyle of Chinese patients could be a
major factor contributing to the widespread use
of premixed insulin in China [4].

The calculated health care costs and resource
use are underestimated. First, diabetes-related
resource use (e.g., outpatient visits, inpatient
visits) is defined as occurring when the patient’s
first diagnosis is diabetes. However, in real
clinical practice, patients with diabetes could
still be prescribed an antidiabetic medication
even if their first diagnosis is another disease;
for example, a patient might be given hyper-
tension as a first diagnosis and diabetes as a
second diagnosis in an outpatient setting,
leading to the prescription of both anti-diabetic
and anti-hypertensive medications. Second, lab
test expenses were not available in our database,
so the true cost of health care is unknown.
Third, the medication costs calculated in this
study only include those associated with the
study hospitals. Expenses incurred in other
hospitals or pharmacies are not included, which
may have resulted in an underestimation of the
costs.

A broadly recognized challenge with the
analysis of real-world data is the need to correct
for sample selection bias [14, 15]. Generalized
linear models adjusting for the propensity score,
including baseline demographics, number of
OAD classes, costs, and health care resource
utilization, were used to improve baseline
comparability between the two groups; how-
ever, missing clinical endpoints (such as
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HbA1C) may compromise the ability to adjust
for selection bias.

Given the limitations of the current data-
base, we do not have enough data to be able to
compare the two schemes in terms of clinical
effectiveness. A future study based on more data
would be able to proceed further within the
economic evaluation framework, leading to a
more comprehensive view of the results of the
comparison [15].

CONCLUSION

Among Chinese insulin-naive patients with
T2DM, those who initiated premixed insulin
had lower per-day antidiabetic medication
costs, lower total medical costs, and lower
T2DM-related medical costs (mean differences
of 4.17 RMB, 877.2 RMB, and 946.3 RMB,
respectively) than those who started on long-
acting insulin.
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