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ABSTRACT

Purpose: The goal of this study was to investigate the
long-term economic outcomes of insulin degludec versus
insulin glargine use in Chinese patients with type 2
diabetes mellitus (T2DM) whose oral antidiabetic
drugs did not provide sufficient glycemic control.

Methods: A published and validated Chinese diabetes
health policy model, which reflects Chinese T2DM
epidemiologic profiles, was used to assess the lifetime
economic outcomes of microvascular and macrovascular
complications and mortality. Efficacy and safety, medical
expenditure, and utility data were derived from the
literature, which were assigned to model variables for
estimating the quality-adjusted life-years (QALYs) and
costs, as well as incremental cost-effectiveness ratios. The
analysis was conducted from the perspective of Chinese
health care service providers. One-way and probabilistic
sensitivity analyses were performed.

Findings: Compared with insulin glargine, insulin
degludec was associated with 0.0053 QALY at an
additional cost of $3278 in our simulated cohort.
This outcome resulted in an incremental cost-
effectiveness ratio of insulin degludec over insulin
glargine of $613,443 per QALY gained. The one-way
sensitivity analyses indicated that the results were
sensitive to several model inputs.

Implications: Insulin degludec is unlikely to be cost-
effective compared with insulin glargine for Chinese
patients with T2DM whose disease is inadequately
controlled with oral antidiabetic drugs. (Clin Ther.
2019;41:445e455) © 2019 Elsevier Inc. All rights
reserved.
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INTRODUCTION
The Global Burden of Disease Study showed that, due
to population growth and aging, all-age disability-
adjusted life-years (DALYs) for diabetes in 2016
were 57,233.7 (95% CI, 47,967.9e68, 279.3)
thousands, which increased by 24.4% (95% CI,
22.7e26.2) from 1990 to 2016.1 A recent study also
showed that China has a large diabetes burden: 1 in
4 people with diabetes worldwide lives in China,
where 11.6% of adults have diabetes and 50.1%
have prediabetes.2,3 The entire Chinese economic
burden from diabetes increased from 2.216 billion
Chinese yuan in 1993 to 200 billion Chinese yuan
in 2007.4,5 Based on Chinese guidelines,6 a patient-
centered approach to controlling hyperglycemia is
encouraged to decrease the risk of complications in
people with T2DM. As a fundamental therapy for
patients with diabetes, basal insulin may lead to
better glycemic control.7

Basal insulin analogues, such as insulin glargine
U100 (insulin glargine), have been widely used to
improve glycemic control in patients with T2DM;
this approach reduces the risk of hypoglycemia
compared with use of neutral protamine Hagedorn
insulin. However, the pharmacokinetic and
pharmacodynamic properties of insulin glargine
resulted in suboptimal glycemic control due to
within-patient variability and periods of
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hyperglycemia and hypoglycemia.8,9 Insulin degludec
is a second-generation acylated insulin analogue with
threonine deleted at position B30 and a 16-carbon
fatty diacid attached to the lysine residue at position
B29 via a gamma-glutamic acid spacer.10 Compared
with insulin glargine, insulin degludec is associated
with equivalent glycemic control and a statistically
significantly lower rate of nocturnal hypoglycemia in
patients with diabetes.8,9

In China, insulin degludec has reached the market.
With increasing constraints on health care budgets, it
is important to determine the economic implications
of introducing insulin glargine to the local health care
system. By using our recently developed and
validated Chinese Outcomes Model for T2DM
(COMT),11 the aim of the present analysis was to
provide economic evidence regarding the use of
insulin degludec and insulin glargine for treating
insulin-naive Chinese patients with T2DM whose
disease was inadequately controlled by oral
antidiabetic drugs (OADs).

MATERIALS AND METHODS
Model Overview

This study provides an economic analysis of basal
insulin treatment for patients with T2DM whose
disease was inadequately controlled by OADs who
were initially assigned to insulin degludec or insulin
glargine use according to the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS)
checklist (Appendix file). The analysis was conducted
by using the COMT (Figure 1),11 a validated Chinese
diabetes policy analysis model that simulates a series
of diabetic complications, including myocardial
infarction, stroke, congestive heart failure,
cardiovascular disease, blindness, end-stage renal
disease, clinical neuropathy, foot ulcer and
amputation, cardiovascular disease mortality, and all-
cause mortality (Figure 1). Each complication has an
independent model structure integrated with heath
event and state, time-at-event, time-in-state, and
clinical probabilities derived from published
literature. In the simulation, interconnectivity and
interaction among individual complication models
were permitted to allow the complication risks to be
updated by using tracker variables. Disease
progression through the model is determined by
using patient clinical and demographic characteristics,
including age, sex, smoking status, systolic blood
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pressure, history of cardiovascular disease, use of
antihypertensive and anticoagulant medications,
glycosylated hemoglobin (HbA1c) levels, total and
HDL cholesterol levels, serum creatinine, urine
albumin:creatinine ratio, and use of statin and oral
diabetes medication. The disease progression was
modeled by using annual time arguments. During the
simulation, time-dependent risk variables were
adjusted based on treatment changes, thereby leading
to the likelihood of event incidence.

In line with most economic studies related to T2DM
interventions,12 lifetime health and economic
outcomes, including costs, complication probabilities,
life-year, and quality-adjusted life-year (QALY), were
projected in the current analysis. Costs and QALY
were discounted at 5% annually based on Chinese
health economics recommendations.13 When the
incremental cost-effectiveness ratios (ICERs) were
lower than the per capita gross domestic product of
China in 2016 ($8382), cost-effectiveness was
assumed. This economic study was based on a
literature review and model techniques and did not
require approval by the institutional research ethics
board.

Patient Profile and Treatment Effects
The patient characteristic profile and efficacy and

safety data of insulin degludec and insulin glargine
were reported in a 26-week, randomized, open-label,
parallel-group, treat-to-target trial that enrolled 560
Chinese subjects with T2DM whose disease was
inadequately controlled by OADs.14 This trial found
that the mean absolute changes from baseline in
HbA1c levels were 1.3% for insulin degludec and
1.2% for insulin glargine, which were used in the
first year of treatment. In the subsequent year,
HbA1c level was simulated to rise naturally (in a
nonlinear fashion) due to the progressive nature of
the disease, according to the HbA1c trajectories
analysis.15 The annual incidences of nonsevere
nocturnal, nonsevere diurnal, and severe
hypoglycemic episodes were 3.07, 1.01, and 0.1,
respectively, for insulin glargine therapy based on a
real-world study with a UK population.16 We
assumed that the incidence of hypoglycemia was
similar between Chinese and UK populations
because insulin glargine effectively lowers HbA1c

levels in Asian patients with an incidence of
hypoglycemia similar to that of non-Asian
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Figure 1. The structure of the Chinese type 2 diabetes mellitus (T2DM) health policy model.
ASCVD ¼ atherosclerotic cardiovascular disease; CHF ¼ congestive heart failure;
CVD ¼ cardiovascular disease; DFU ¼ diabetic foot ulcer; ESRD ¼ end-stage renal disease;
MI ¼ myocardial infarction.

H. Cheng et al.
patients.17 The rates of confirmed severe and
nocturnal hypoglycemic episodes between insulin
degludec and insulin glargine were derived from a
recent meta-analysis that included 18 trials with
16,791 patients.18

Costs and Utilities
The current study was performed from the

perspective of Chinese health care services providers,
and only direct medical costs were considered in the
model (Table I). All cost data are presented in 2017
US dollars ($). For insulin degludec and insulin
glargine, the daily costs were calculated according to
daily dosage. According to Chinese trials, the daily
dosage of insulin degludec and insulin glargine was
March 2019
31 U/day.14 The prices of insulin degludec and
insulin glargine were derived from local hospitals.
The annual costs of medicine and glucose-testing
strips were estimated from a large national
population-based screening study19 that interviewed
1482 adults with diabetes at 12 sites in China.

Other potential utilizations of direct health
resource, such as the costs of hospitalization and
outpatient visits due to complications (which were
extracted directly from published literature or other
local sources), were also reflected in the
simulation.4,20e24 The costs of severe hypoglycemic
events were derived from a Chinese cost study,
which included 275 patients who incurred
hypoglycemic episodes.25 The costs of nonsevere
447



Table I. Costs and health state utilities.

Parameter Expected Value Range Source

Costs, $
Insulin glargine per day 3.28 1.64e3.28 Local charge
Insulin degludec per day 3.94 1.97e3.94 Local charge
Antidiabetic therapy per day (disease
duration �3 y)

0.5 0.2e1.3 19

Antidiabetic therapy per day (3 < disease
duration �6 y)

0.8 0.2e1.7 19

Antidiabetic therapy per day (6 � disease
duration <10 y)

1.2 0.3e2.5 19

MI hospitalization per event 7383.0 6505.2e8260.9 4, 20, 22, 23
Care after MI per year 455.4 288.6e622.2 4, 20, 22, 23
Stroke hospitalization per event 2875.2 2184.6e4738.3 4, 20, 22, 23
Care after stroke per year 506.9 445.9e828 4, 20, 22, 23
CHF per year 1507.7 1254.6e2632.3 4, 20, 22, 23
ESRD per year 13,803.2 13153.8e14569.2 4
Blindness per year 1642.0 1430.4e1853.5 4, 20, 22, 23
Clinical neuropathy per month 60.9 26.2e101.4 21
Uncomplicated DFU per event 76.2 0e226.2 21
Complicated DFU per event 2293.3 1228.5e2880.8 21
Minor amputation per event 3316.9 2165.2e5038.9 21
Major amputation per event 5019.2 2981.1e7738.2 21
Care after major amputation per month 338.1 0e600.7 21
Severe hypoglycemia per event 534.4 400.8e667.9 25
Cost proportions of nonsevere nocturnal
vs severe hypoglycemia

0.015 0.019e0.012 26

Cost proportions of nonsevere
diurnal vs severe hypoglycemia

0.010 0.012e0.007 26

Utility value
T2DM without complications 0.876 0.736e1 27

Utility decrements
MI hospitalization for 1 mo 1.000 0.236e1 27
MI after discharge 0.236 0.026e0.446 27
Stroke hospitalization for 1 mo 1.000 0.326e1 27
Stroke after discharge 0.326 0.036e0.616 27
CHF 0.236 0.026e0.446 27
ESRD 0.400 0.19e0.61 4, 20, 21e24
Blindness 0.157 0.007e0.307 4, 20, 21e24
Clinical neuropathy 0.185 0.015e0.355 28
Uncomplicated DFU 0.250 0.213e0.287 4, 20, 21e24
Complicated DFU 0.300 0.165e0.435 4, 20, 21e24
Minor amputation 0.320 0.204e0.436 4, 20, 21e24

Clinical Therapeutics
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Table I. (Continued)

Parameter Expected Value Range Source

Major amputation 0.380 0.264e0.496 4, 20, 21e24
Nonsevere diurnal hypoglycemia 0.0041 0.0051e0.0031 26
Nonsevere nocturnal hypoglycemia 0.0067 0.0084e0.005 26
Severe hypoglycemia 0.0565 0.0706e0.0424 26

CHF ¼ congestive heart failure; DFU ¼ diabetic foot ulcer; ESRD ¼ end-stage renal disease; MI ¼ myocardial infarction;
T2DM ¼ type 2 diabetes mellitus.
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nocturnal and nonsevere diurnal hypoglycemia were
estimated by multiplying the Chinese cost of severe
hypoglycemic episodes and the cost proportions of
nonsevere nocturnal and nonsevere diurnal
hypoglycemia by those of severe hypoglycemia in
the United Kingdom.26

Health state utility valueswere retrieved from a recent
study that enrolled 289 patients with T2DM in China
and determined the health state utility values of
diabetes, neuropathy, heart disease, and
cerebrovascular disease using the EQ-5D-5L
questionnaire.27 Other utility values that were not
included in this report, such as those of end-stage renal
disease and amputation, were derived from previous
studies.4,20e24 The disutilities of nonsevere nocturnal,
nonsevere diurnal, and severe hypoglycemia were
0.0054, 0.0077, and 0.0623, respectively.26
Sensitivity Analyses
To examine the potential drivers of economic

outcomes, we conducted both a 1-way analysis and a
probabilistic sensitivity analysis (PSA). The 1-way
sensitivity analyses examined the gaps between the
low and high values of the ICERs of an individual
parameter, whose ranges were derived from the
reported upper and lower intervals, as shown in
Table I. If no relevant data were available, an
assumed range of 75%e125% of the base-case
values was used. For the PSA, probability
distributions were attached to all parameters to run
second-order Monte Carlo simulations (1000
iterations). The probability, proportions, utility value,
and utility decrements were modeled by using beta
distribution; cost, with a triangle distribution; and
hazard ratio and patient characteristic profile, with a
normal distribution. If no SE existed, then it was
March 2019
assumed to be 25% of the reported base-case value.
Based on the results of the PSA, a cost-effectiveness
acceptability curve was produced.
RESULTS
Base-case Analyses

Compared with insulin glargine, insulin degludec
gained mean benefits in life expectancy and QALY of
0.0082 year and 0.0053 QALY, respectively, at
additional total mean costs of $3278 over a patient's
lifetime (Table II), leading to an ICER of $613,443
per QALY gained. These health detriments in the
insulin degludec treatment arm were driven by the
reduced cumulative incidence of myocardial
infarction, stroke, and congestive heart failure.

Sensitivity Analyses
The 1-way sensitivity analyses revealed that the results

of the model were more sensitive to the reduction of
HbA1c levels in the insulin glargine and insulin degludec
strategy, the costs of insulin degludec and insulin
glargine, and the probability of hypoglycemia because
they were found to have a substantial impact on the
ICER. The remainder of the sensitive variables, such as
the disutility values and the costs of complications, had
a moderate or small impact (Figure 2).

In the PSA (Figure 3), the cost per additional QALY
gained for insulin degludec over insulin glargine was
$1,029,804 (95% CI, 591,715e1,357,675). At an
acceptable ICER of $27,351 (three times the gross
domestic product per capita of China in 2017),
insulin degludec produced a nearly 0% probability of
cost-effectiveness, as shown in the cost-effectiveness
acceptability curve (Figure 4).
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Figure 2. Tornado diagram representing the net health benefit in the 1-way sensitivity analysis of insulin
degludec versus insulin glargine. The width of the bars represents the range of the results when the
variables were changed. CHF ¼ congestive heart failure; HbA1c ¼ glycosylated hemoglobin; RR ¼ risk
ratio; T2DM ¼ type 2 diabetes mellitus; QALY ¼ quality-adjusted life-year.

Table II. Base-case results for insulin degludec versus insulin glargine.

Outcome Insulin Glargine Insulin Degludec Difference*

Events
Myocardial infarction 8.68% 8.67% −0.01%
Stroke 20.07% 20.03% −0.04%
CHF 13.00% 12.98% −0.02%
ESRD 3.638% 3.634% 0.00%
Blindness 3.96% 3.95% 0.00%
Clinical neuropathy 14.32% 14.32% 0.00%
Minor amputation 10.85% 10.85% 0.00%
Major amputation 7.97% 7.97% 0.00%

Total QALY 10.08 10.09 0.0053
Total life-years 20.76 20.77 0.0082
Total cost (US $) 21,344 24,623 3278
ICER (US $/QALY) NA 613,443 e

CHF ¼ congestive heart failure; ESRD ¼ end-stage renal disease; ICER ¼ incremental cost-effectiveness ratio; NA ¼ not
applicable; QALY ¼ quality-adjusted life-year.
* Compared with the control strategy (insulin glargine).
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DISCUSSION
Reports of the clinical benefits of insulin degludec in
clinical trials have caused great excitement among
both endocrinologists and patients. Previous studies
have found that ~30% of patients eventually require
insulin therapy to keep HbA1c values at optimum
levels, and basal insulin is widely prescribed.7,28

However, the widespread use of insulin degludec
comes with a considerable increase in health care
costs compared with insulin glargine; this increased
cost is concerning to clinicians and payers. The need
for precise economic evaluation of insulin degludec
use in the Chinese context is becoming urgent. To
our knowledge, this study is the first economic
March 2019
analysis estimated that in Chinese patients with
T2DM inadequately controlled by OADs, the
initiation of insulin degludec and insulin glargine
were associated with improvements in length and
quality of life. However, the similar glycemic
durability associated with insulin degludec and
insulin glargine translated to comparable health
benefits. Due to the relatively lower cost of insulin
glargine therapy, insulin degludec was not a cost-
effective alternative. This finding is strengthened by
using the COMT model, which has manifested good
model validity for established effects of medicines on
surrogate end points such as glucose, blood pressure,
and lipid profiles in the Chinese population.
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Several studies have investigated the economic
outcomes of using insulin degludec among patients
with T2DM in European regions.16,26,29e32 These
reports showed that the ICERs for insulin degludec
over insulin glargine ranged from approximately
$7600/QALY in the United Kingdom to $34,300/
QALY in Denmark, which indicates that insulin
degludec was cost-effective in European regions.
However, this finding was not consistent with the
results of the current analysis. One potential reason
might be the different clinical data inputs used. For
example, the rate ratios of hypoglycemia for insulin
452
degludec versus insulin glargine in the UK study
reported by Evans et al16 were extracted from the
meta-analysis published before 2015; these ratios are
considerably lower than the ones used in the current
evaluation, which were derived from the latest meta-
analysis that included 18 trials.18 Previous studies
and our analysis all suggest that hypoglycemia rates
are a key driver of cost-effectiveness
outcomes,16,26,29e32 which could notably induce
insulin degludec to be more favorable by reducing the
rate ratios of hypoglycemia. To minimize the
potential uncertainty around rates of hypoglycemia,
Volume 41 Number 3
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the latest reported data were used in the current
analysis.

Notwithstanding the relevance of the treatment
effect data to clinical practice, the local comparison
was primarily conducted to facilitate cost-
effectiveness analysis. The improvement in glycemic
control observed with insulin glargine was a key
driver of differentiation in terms of a favorable cost-
effectiveness profile. The net health benefit of insulin
degludec versus insulin glargine in the base-case
analysis was partly contributed to by the
antihyperglycemia efficacy (1.3% reduction in HbA1c

levels with insulin degludec and 1.2% with insulin
glargine) in a Chinese study.14 However, many
clinical studies found that insulin glargine had
relatively better efficacy of antihyperglycemia than
insulin degludec in other populations.9 For example,
in a clinical trial performed in 6 Asian countries/
regions (Hong Kong, Japan, Malaysia, South Korea,
Taiwan, and Thailand), HbA1c levels decreased by
1.24% and 1.35% in the insulin degludec and insulin
glargine groups after 26 weeks, respectively.33 Our
one-way sensitivity analysis indicated that when the
HbA1c reduction of insulin glargine decreased to the
upper limit (1.35%), insulin glargine became a
dominant strategy due to its better health outcome
with cheaper cost.

The current analysis still suffers from several
limitations, and it should be considered with those
in mind. First, a Chinese perspective was adopted as
the cost and cost-effectiveness context (eg, threshold
and discount rates), which may affect the
transferability of these findings to other regions.
However, due to the transparent input profiles and
treatment effects, region-specific cost and utility data
could be input to replicate this evaluation to inform
local decision-makers. Second, although
hypoglycemic events are a potential risk factor for
subsequent cardiovascular outcomes, and all-cause
mortality was reported previously,34e36 the current
analysis did not address this issue because a causal
link has yet to be established beyond doubt. Third,
as with other cost-effectiveness analyses using
computer modeling techniques,12 this analysis
extrapolated the lifetime clinical and economic
outcomes beyond the trial follow-up period by
translating short-term surrogate end points (risk
factor profiles) to the incidence of diabetes-related
March 2019
complications and mortality. Therefore, the long-
term comparison of insulin degludec versus insulin
glargine contains uncertainty, which should be
addressed when explaining the findings. However,
because our model was validated, the potential
uncertainty of treatment should pertain to both the
insulin degludec strategy and the insulin glargine
strategy, which might not be considerably different.
Finally, treatment effect data were extracted from
clinical trials, which are substantially different from
the real world37 in terms of factors such as
nonadherence to medications. However, because the
findings of this study reflect the common clinical
conditions for managing T2DM in China, we hope
this study will provide relevant information for
Chinese clinical and health policy decision-makers.

CONCLUSIONS
This economic analysis found that insulin degludec is
likely to provide a paucity of health benefits at a
relatively high cost compared with insulin glargine
for patients in the Chinese health care system with
T2DM inadequately controlled by OADs. These
findings indicate that treatment with insulin glargine
versus insulin degludec is a more efficient allocation
of limited Chinese health resources for the
management of T2DM and may be a factor for
patients, physicians, and decision-makers in the
selection of a reasonable basal insulin for the
treatment of T2DM.
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