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Objective: This study evaluated the long-term cost-effectiveness of once-weekly insulin icodec versus daily basal insulins in Chinese 
adults with type 2 diabetes mellitus (T2DM) across treatment backgrounds (insulin-naïve to basal-bolus users).
Methods: Using the UKPDS-OM2.1 model calibrated to ONWARDS trial data (1–5), we simulated lifetime outcomes over a 40-year 
horizon. Cost-utility analyses incorporated direct healthcare costs, complication utilities. Uncertainties were addressed using one-way 
and probabilistic sensitivity analyses. Scenario analyses explored pricing thresholds and adherence assumptions.
Results: Insulin icodec demonstrated cost-effectiveness versus degludec in insulin-naïve populations (ICER=$24974.29, below 
China’s 3 times WTP threshold) but not versus glargine U100 (ICER=$45544.68) and once-daily basal insulin (ICER=$76877.59). 
For basal and basal-bolus insulin treated patients, insulin icodec does not offer long-term cost-effectiveness advantages over either 
insulin degludec and insulin glargine U100. One-way sensitivity analyses identified the simulation time horizon and discount rate as 
the most influential parameters, with probabilistic sensitivity analyses confirming the robustness of these findings. Scenario analyses 
demonstrated that insulin icodec’s would become cost-effective compared to basal insulins when patients were willing to pay an 
additional $150 annually.
Conclusion: Insulin icodec offers cost-saving potential versus degludec in insulin-naïve T2DM patients. For basal and basal-bolus- 
treated patients, the clinical use of icodec needs to be critically evaluated for cost burden, and it is recommended that it be used 
preferentially in patients who are sensitive to the frequency of injections.
Keywords: insulin icodec, insulin degludec, insulin glargine U100, cost-utility analysis, type 2 diabetes mellitus

Introduction
Diabetes is a chronic and complex condition that contributes significantly to morbidity and mortality.1 Despite China 
bearing the highest global diabetes burden (140.9 million cases in 2021),2 glycemic control remains suboptimal, with 
44.3% insulin nonadherence rates linked to daily injection burdens.3–5

Insulin therapy remains a cornerstone of diabetes management, yet the requirement for daily injections contributes to 
clinical inertia (delayed initiation, inadequate titration, and missed doses) in type 2 diabetes mellitus (T2DM), ultimately 
compromising glycemic control.6 Whereas weekly insulin formulations theoretically address this issue and improved 
adherence and treatment satisfaction, notwithstanding the critical absence of China-specific cost-effectiveness evidence 
across treatment-experienced subgroups.7,8
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A participant-level meta-analysis of the ONWARDS 1–5 trials demonstrated that icodec was associated with a similar 
rate of clinically significant hypoglycemia compared with basal daily insulins (including insulin glargine U100 and 
insulin degludec), while also resulting in fewer severe hypoglycemic events and a greater reduction in HbA1c.9 However, 
there is a scarcity of economic evaluations examining the long-term cost-effectiveness of icodec versus other basal 
insulin analogs, such as glargine U100 or degludec, within the Chinese healthcare context. Furthermore, no study to date 
has specifically assessed the cost-effectiveness of switching to icodec among T2DM patients with diverse insulin 
treatment backgrounds—a clinically relevant scenario given the potential of once-weekly dosing to improve treatment 
satisfaction and adherence. Therefore, this study evaluates the CE of once-weekly icodec versus daily basal insulins 
(glargine U100/degludec) in Chinese adults with T2DM from a healthcare system perspective, stratified by treatment 
background. Our findings aim to inform evidence-based decisions for clinicians and healthcare policymakers regarding 
insulin therapy optimization.

Method
UKPDS OM2.1 Model
The UKPDS-OM2.1 is a sophisticated and extensively validated computer simulation model that is based on patient data 
from the UK Prospective Diabetes Study (UKPDS). It is designed to predict the incidence of eight diabetes-related 
complications over a patient’s lifetime. This model is capable of estimating both lifetime healthcare costs and quality- 
adjusted survival, making it a valuable tool for assessing the long-term health and economic outcomes of T2DM.10

One of the strengths of the UKPDS-OM2.1 model is its adaptability and application across diverse populations worldwide, 
including White, Afro-Caribbean, and Asian-Indian demographic groups. This wide applicability enhances the reliability of its 
predictions across varied ethnic and racial backgrounds, which is critical given the differential impact of diabetes in different 
populations. Internal and external validations of the UKPDS OM 2.1 were calibrated against international trials.10,11 The 
model was operated at an annual cycle length. All the future costs and health outcomes were discounted at 5%.

In this specific study, risk factor data—including demographic characteristics, risk factor scores, prior events, specific 
costs, health utility, and other relevant parameters—were inputted from the participants at the conclusion of the study 
treatment phase into the UKPDS-OM2.1 model. The model then processed this data to output key outcomes such as life 
expectancy (LE), quality-adjusted life years (QALYs), treatment costs, complication costs, and total costs. These outputs 
allow for a comprehensive evaluation of the health and economic consequences for T2DM patients following the study 
period, providing crucial insights into the long-term viability and impact of the treatments under investigation.

Baseline Characteristics and Clinical Efficacy
This study constitutes a secondary analysis of data from the ONWARDS clinical trial program (comprising trials 1–5),12–16 

which evaluated the efficacy and safety of once-weekly insulin icodec compared with daily basal insulins (insulin glargine 
U100 or insulin degludec) in adults with type 2 diabetes across a spectrum of previous treatment backgrounds—ranging 
from insulin-naïve to those receiving basal-bolus regimens. Specifically, ONWARDS 1, 3, and 5 enrolled insulin-naïve 
individuals, whereas ONWARDS 2 and 4 included patients who had previously been treated with basal insulin or basal- 
bolus insulin therapy.

Baseline data revealed comparable demographics: mean age 58–63 years, BMI 29–33 kg/m², HbA1c 8.1–9.0%, with 
high metformin use (65–93%). Notably, insulin-experienced cohorts (ONWARDS 2 and 4) had longer diabetes duration 
(16–18 years) and higher baseline insulin doses (25–29 U/day) versus naïve populations (10–12 years). Racial distribu
tion was predominantly White (52–67%), followed by Asian (26–42%), with balanced sex representation (52–63% 
male). The baseline characteristics of the patients are presented in Table 1.

The clinical efficacy and safety outcomes for once-weekly insulin icodec versus daily basal insulins (glargine U100 or 
degludec) are presented in Table 2. Icodec demonstrated non-inferior/superior HbA1c reductions (-0.71% to -1.68%) 
across all trials versus comparators, albeit with consistently greater weight gain (+1.4 to +2.8 kg vs -0.3 to +2.3 kg). 
Weekly insulin dosage requirements were similar (185–305 U/week), while severe hypoglycemia rates remained low 
(0–4 events) without significant between-group differences.
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Table 1 Baseline Characteristics of Patients

Trial ONWARDS 1 ONWARDS 2 ONWARDS 3 ONWARDS 4 ONWARDS 5

NCT:04460885 
Randomized, Open-Label, 

Treat-To-Target, Phase 3a Trial

NCT:04770532 
Randomized, Open-Label, 

Treat-To-Target Phase 3a Trial

NCT:04795531 
Randomized, Double- 

Masked, Treat-To-Target, 
Phase 3a Trial

NCT:04880850 
Randomized, Open-Label, 

Treat-To-Target, Phase 3a Trial

NCT:04760626 
Randomized, Open-Label, Parallel- 

Group, Phase 3a Trial

Patients In adults with T2DM who had not 
previously received insulin

In adults with T2DM treated with 
once-daily or twice-daily basal 

insulin

In adults with T2DM who had 
not previously received insulin

In adults with T2DM treated with 
basal-bolus insulin

In adults with T2DM who had not previously 
received insulin

Group Icodec Glargine U100 Icodec Degludec Icodec Degludec Icodec Glargine U100 Icodec Once-Daily Basal Insulina

N total 492 492 263 263 294 294 291 291 542 543

Treatment Weeks 52 26 26 26 52

Race, n (%)

White 331 (67.4%) 317 (64.4%) 161 (61.2%) 137 (52.1%) 179 (60.9) 175 (59.5) NA NA NA NA

Asian 123 (26.2%) 145 (29.5%) 86 (32.7%) 110 (41.8%) 80 (27.2) 85 (28.9) NA NA NA NA

Black 10 (2.0%) 17 (3.5%) 11 (4.2%) 12 (4.6%) 9 (3.1) 6 (2.0) NA NA NA NA

Other 28 (4.4%) 13 (2.6%) 5 (1.9%) 4 (1.5%) 26 (8.8) 28 (9.5) NA NA NA NA

Sex, Male, n (%) 295 (60.0%) 263 (53.5%) 162 (61.6%) 140 (53.2%) 185 (62.9) 184 (62.6) 154 (53%) 150 (52%) 309 (57.0) 313 (57.6)

Age, years, Mean (SD) 59.1 (10.1) 58.9 (9.9) 62.3 (9.8) 62.6 (8.4) 58 (10.0) 59 (10.0) 59.7 (10.1) 59.9 (9.9) 59.1 (10.8) 59.4 (10.2)

Duration of diabetes, year, mean (SD) 11.6 (6.7) 11.5 (6.8) 16.5 (8.4) 16.9 (7.9) 10.5 (4.3) 10.7 (4.4) 18.0 (9.1) 16.3 (7.7) 11.9 (6.9) 12.0 (7.6)

BMI, kg/m2, mean (SD) 30.0 (4.8) 30.1 (5.1) 29.5 (5.2) 29.3 (5.0) 29.9 (5.2) 29.2 (5.1) 30.5 (5·0) 30.0 (5.0) 32.6 (7.0) 33.0 (6.9)

Height, m 1.685 1.673 1.684 1.670 1.694 1.688 1.674 1.664 1.691 1.690

Body Weight, kg, mean (SD) 85.2 (17.7) 84.3 (17.6) 83.7 (18.4) 81.5 (17.1) 85.8 (20.1) 83.2 (18.2) 85.5 (17.6) 83.1 (17.3) 93.2 (22.5) 94.3 (21.5)

HbA1c, %, mean (SD) 8.5 (1.0) 8.4 (1.0) 8.17 (0.77) 8.10 (0.77) 8.55 (1.11) 8.48 (1.01) 8.29 (0.86) 8.31 (0.90) 8.96 (1.60) 8.88 (1.50)

eGFR, mL/min/1.73 m2, mean (SD) 86.1 (18.2) 84.9 (19.6) NA NA NA NA NA NA 88.1 (21.1) 88.0 (20.3)

Total daily basal insulin dose at screening,  
U, mean (SD)

NA NA 25.3 (82.1) 27.7 (76.6) NA NA 29.1 (75.7) 28.4 (81.1) NA NA

Noninsulin glucose-lowering agents at screening — no. (%)

Metformin 449 (91.3) 436 (88.6) 216 (82%) 224 (85%) 266 (90.5) 264 (89.8) 196 (67%) 189 (65%) 502 (92.6) 496 (91.3)

Sulfonylureas 219 (44.5) 227 (46.1) 60 (23%) 58 (22%) 132 (44.9) 128 (43.5) 28 (10%) 16 (5%) 209 (38.6) 230 (42.4)

(Continued)
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Table 1 (Continued). 

Trial ONWARDS 1 ONWARDS 2 ONWARDS 3 ONWARDS 4 ONWARDS 5

NCT:04460885 
Randomized, Open-Label, 

Treat-To-Target, Phase 3a Trial

NCT:04770532 
Randomized, Open-Label, 

Treat-To-Target Phase 3a Trial

NCT:04795531 
Randomized, Double- 

Masked, Treat-To-Target, 
Phase 3a Trial

NCT:04880850 
Randomized, Open-Label, 

Treat-To-Target, Phase 3a Trial

NCT:04760626 
Randomized, Open-Label, Parallel- 

Group, Phase 3a Trial

SGLT2 inhibitors 187 (38.0) 172 (35.0) 89 (34%) 84 (32%) 119 (40.5) 95 (32.3) 82 (28%) 86 (30%) 234 (43.2) 240 (44.2)

DPP-4 inhibitors 178 (36.2) 170 (34.6) 61 (23%) 69 (26%) 76 (25.9) 80 (27.2) 47 (16%) 36 (12%) 160 (29.5) 146 (26.9)

GLP-1 receptor agonists 83 (16.9) 92 (18.7) 68 (26%) 69 (26%) 64 (21.8) 48 (16.3) 37 (13%) 34 (12%) 148 (27.3) 158 (29.1)

Thiazolidinediones 25 (5.1) 24 (4.9) 14 (5%) 11 (4%) 26 (8.8) 19 (6.5) 12 (4%) 6 (2%) 22 (4.1) 23 (4.2)

α-Glucosidase inhibitors 23 (4.7) 22 (4.5) 14 (5%) 14 (5%) 18 (6.1) 20 (6.8) 7 (2%) 11 (4%) 3 (0.6) 3 (0.6)

Glinides 11 (2.2) 15 (3.0) 10 (4%) 9 (3%) 7 (2.4) 4 (1.4) 0 2 (1%) 2 (0.4) 11 (2.0)

Note: aInsulin Glargine U100 or Insulin Glargine U300 or Insulin Degludec; 
Abbreviations: eGFR, estimated glomerular filtration rate; SD, standard deviation; BMI, Body Mass Index; HbA1c, Hemoglobin A1c; SGLT-2, Sodium-Glucose Cotransporter-2; DPP-4, Dipeptidyl Peptidase-4; GLP-1, Glucagon-Like 
Peptide-1.
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Table 2 Clinical Efficacy and Safety Outcomes

Trials ONWARDS 1 ONWARDS 2 ONWARDS 3 ONWARDS 4 ONWARDS 5

NCT:04460885 
randomized, open-label, treat-to 

-target, phase 3a trial

NCT:04770532 
randomized, open-label, treat-to 

-target phase 3a trial

NCT:04795531 
randomized, double- 

masked, treat-to-target, 
phase 3a trial

NCT:04880850 
randomized, open-label, treat-to 

-target, phase 3a trial

NCT:04760626 
randomized, open-label, parallel-group, 

phase 3a trial

Patients In adults with T2DM who had not 
previously received insulin

In adults with T2DM treated with 
once-daily or twice-daily basal insulin

In adults with T2DM who had 
not previously received insulin

In adults with T2DM treated with 
basal-bolus insulin

In adults with T2DM who had not previously 
received insulin

Group Icodec Glargine U100 Icodec Degludec Icodec Degludec Icodec Glargine U100 Icodec Once-Daily Basal Insulina

N total 492 492 263 263 294 294 291 291 542 543

Treatment Weeks 52 26 26 26 52

Assessed as estimated mean change

HbA1c, % −1.55 (0.06) −1.35 (0.05) −0.93 (0.05) −0.71 (0.06) −1.6 (0.2) −1.4 (0.2) −1.16 (0.05) −1.18 (0.05) −1.68 (0.24) −1.31 (0.24)

Bodyweight, kg 2.29 (0.21) 1.83 (0.21) 1.4 (0.2) −0.3 (0.2) 2.8 (0.4) 2.3 (0.4) 2.7 (0.3) 2.2 (0.4) 2.28 (0.72) 1.45 (0.95)

Mean weekly total basal insulin dose  
at last 2 weeks, U/week (~U/day)

214 (31) 222 (32) 268 (38) 244 (35) 204 (29) 187 (27) 305 (44) 279 (40) 227 (32) 185 (26)

Severe (level 3) hypoglycaemiab, n 1 3 0 1 0 0 0 1 0 4

Notes: aInsulin Glargine U100 or Insulin Glargine U300 or Insulin Degludec; bno specific glucose threshold, but hypoglycaemia was associated with severe cognitive impairment requiring external assistance for recovery.
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In the five Phase 3 clinical trials of ONWARDS trial series (1–5), only the mean and standard deviation of baseline 
characteristics were reported. Therefore, to better reflect clinical practice, we used Stata 16.1 software to randomize patient- 
level data. The mean age of the patients ranged from 58 to 63 years, and we set the simulation time horizon to 40 years. Given 
that insulin therapy is typically a lifelong treatment, a treatment duration of 40 years was deemed sufficient to simulate the 
patients’ lifetime treatment. In accordance with World Health Organization (WHO) guidelines, a discount rate of 5% was pre- 
set.17 Our base-case analysis assumed 100% adherence to the treatment regimen, which represents an optimistic assumption 
rarely achieved in real-world clinical practice. This approach aligns with the intention of evaluating the intervention’s efficacy 
under ideal conditions, thereby providing an estimate of its maximum potential clinical benefit. The UKPDS-OM2.1 model 
was employed to extrapolate outcomes for each study participant, including all relevant long-term complications and 
associated lifetime costs, from the end of the treatment period until death. Additionally, the UKPDS OM2.1 model 
performed second-order Monte Carlo simulations with 1000 iterations to address parameter uncertainty.10

Costs and Utilities
The cost-utility analysis was based on the perspective of Chinese healthcare providers and only considered the direct 
healthcare costs of the different options, including the cost of acquiring the drugs, needles, the cost of diabetes management 
in the absence of complications, and the cost of diabetes-related complications. The insulin dosage was based on the treatment 
dose during the final two weeks of the RCTs, while insulin prices were derived from the 2024 Chinese medical insurance 
pricing, and needle costs were based on local market prices (Supplementary Table 1). All costs were expressed in 2024 US 
dollars (1 USD = 7.1217 CNY). The cost of managing diabetes without complications was obtained from a study by Li et al,18 

which was a multicenter prospective cohort study implemented across 16 tertiary care hospitals in urban China. The costs of 
diabetes-related complications (eg, fatalities, nonfatalities, maintenance costs, etc.) were obtained from previously published 
literature on Pharmacoeconomics in China.19–23 In terms of utility, the initial utility value for diabetic patients without 
complications in this study was 0.876. This data was derived from the study by Pan et al,24 which utilized a 5-level, 
5-dimensional EuroQol scale (EQ-5D-5L) to assess Chinese patients with T2DM. The utility decrement values for diabetes- 
related complications were obtained from previously published studies related to Chinese Pharmacoeconomics20,23,25 and the 
UKPDS 62 study26 and the specific cost and utility parameters are shown in Table 3.

Sensitivity Analysis
Over a 40-year simulation period, a cost-utility analysis was conducted using the Incremental Cost-Effectiveness Ratio 
(ICER) as the primary evaluation metric. The cost-utility analysis was performed in strict accordance with pharmacoe
conomic guidelines27 and the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) checklist28 

(Supplementary CHEERS 2022 checklist). The ICER was evaluated against the willingness-to-pay (WTP) threshold, 

Table 3 Key Model Inputs of Costs and Utilities

Complications At Time of Event In Subsequent Years

Fatal Cost Non-Fatal Cost Utility Decrement Cost Utility Decrement

IHD 3211.3519 6931.1819 −0.09026 1279.6819 −0.09026

MI 5874.2220 11534.0820 −0.05526 3646.0720 −0.05526

Heart failure 5287.4219 5525.3219 −0.10826 2931.3319 −0.10826

Stroke 10334.3519 4567.2019 −0.16426 2259.4919 −0.16426

Amputation 0.00 3316.6923 −0.28026 527.2823 −0.28026

Blindness / 2192.2321 −0.07426 1621.7822 −0.07425

Renal failure 0.00 13,633.2622 −0.26326 13,633.2622 −0.26320

Ulcer / 2245.5023 −0.05023 790.3123 −0.05023

Initial utility 0.87624

Cost in the absence of complications 1427.7318

Note: All the costs were expressed as 2024 United States dollars (1 United States dollar =7.1217 Chinese Yuan). 
Abbreviations: IHD, ischemic heart disease; MI, myocardial infarction.
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which was set at 1–3 times the Gross Domestic Product (GDP) per capita, as recommended by the WHO.29 We utilized 
current data to predict long-term outcomes, which inherently involves significant uncertainty. Therefore, one-way 
sensitivity analyses, scenario analyses, and probabilistic sensitivity analyses were conducted to assess the impact of 
uncertainty on key model parameters.

In the one-way sensitivity analyses, we evaluated the effects of variations in key model parameters, including costs, 
utilities, discount rates, initial utility values, treatment duration, and time horizon. The cost and utility values for 
complications and diabetes-related events were tested at the upper and lower bounds of their 95% confidence intervals. 
In cases where 95% confidence intervals were unavailable, cost variables were assessed within a range of -20% to +20%, 
and utility variables were assessed within a range of -10% to +10% for the one-way sensitivity analyses. Discount rates 
were set at 3% and 8%, treatment durations at 30 and 50 years, and time horizons at 30 and 50 years. The initial utility 
values evaluated ranged from 0.78 to 0.92. The specific parameters for the one-way sensitivity analysis are detailed in 
Table 4, and the results of this analysis are visually represented using tornado diagrams.

In the probabilistic sensitivity analysis, Monte Carlo simulations were performed with 1000 iterations to 
address second-order uncertainty, thereby enhancing the robustness of our findings. Gamma distributions were assigned 
to cost parameters, and beta distributions were applied to utility parameters, in order to capture sampling uncertainty. The 
results of this analysis are presented as scatter plots of the ICER and CE Acceptability Curves, providing 
a comprehensive overview of the potential range of outcomes and their probability of being cost-effective at various 
willingness-to-pay thresholds.

In the scenario analysis, since insulin icodec is administered once weekly compared to once-daily basal insulins (such 
as insulin glargine and insulin degludec), the reduction in injection frequency is critical for patient adherence. Therefore, 
we established three scenarios assuming that patients are willing to pay an additional annual cost of 50,100, and $150 for 
once-weekly insulin icodec therapy. Additionally, we considered the most influential parameters from the one-way 

Table 4 Parameters for Sensitivity Analysis

Number Parameters Baseline Lower Upper

1 Discount rate 5% 3% 8%

2 Treatment time, years 5 4 6
3 Time horizon, years 40 30 50

4 Initial utility 0.876 0.78 0.92

5 Needle cost
Icodec (±20%) 15.70 12.56 18.84

Daily basal insulin (±20%) 109.89 87.92 131.88

6 Cost in the absence of complications (±20%) 1427.73 1142.18 1713.28
7 IHD per year cost 1279.68 1023.74 1535.61

8 MI per year cost 3646.07 2916.85 4375.28

9 HF per year cost 2931.33 2345.06 3517.59
10 Stroke per year cost 2259.49 1807.58 2711.38

11 Blindness per year cost 527.28 421.76 632.65

12 Renal failure per year cost 1621.78 1449.20 1881.87
13 Amputation per year cost 13633.26 12,769.41 14,580.23

14 Ulcer per year cost 790.31 632.25 948.37

15 IHD disutility scores 0.09 0.081 0.099
16 MI disutility scores 0.055 0.005 0.105

17 HF disutility scores 0.108 0.048 0.168

18 Stroke disutility scores 0.164 0.036 0.299
19 Blindness disutility scores 0.074 0.01 0.134

20 Renal failure disutility scores 0.263 0.137 0.397

21 Amputation disutility scores 0.28 0.109 0.46
22 Ulcer disutility scores 0.05 0.035 0.066

Abbreviations: HF, heart failure; IHD, ischemic heart disease; MI, myocardial infarction; WBC, white blood cell.

ClinicoEconomics and Outcomes Research 2025:17                                                                          https://doi.org/10.2147/CEOR.S539841                                                                                                                                                                                                                                                                                                                                                                                                    777

Xie et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



sensitivity analysis and the potential impact of a 10% price reduction in basal insulins (insulin glargine and insulin 
degludec) in the future. Finally, based on the base-case analysis results, we employed a binary analysis approach to 
explore the required price reduction for Insulin Icodec to achieve cost-effectiveness (ICER < 3 times GDP per capita) 
across five patient populations with different disease states. This targeted approach helps identify the most feasible 
annual cost for Insulin Icodec to be a cost-effective option in the treatment of T2DM.

Results
The Results of Cost-Utility Analysis
After 40 years of simulation, Table 5 presents the outcomes of life expectancy, survival benefits, therapy costs, complication 
costs, total costs, ICER, and net monetary benefit (NMB) across five diverse treatment backgrounds (insulin-naïve to basal- 
bolus users). The results of the cost-utility analysis comparing insulin icodec versus daily basal insulin are presented in 
Table 6. In insulin-naïve adults with T2DM, insulin icodec versus insulin glargine U100 and once-daily basal insulin 
(ONWARDS 1 and 5) yielded ICERs of $ 45,544.69 and $ 76,877.59 per QALY gained, with negative NMB values 
(-183.54 and -1223.96, respectively). In contrast, insulin icodec versus insulin degludec (ONWARDS 3) demonstrated an 
ICER of $ 24,974.30 per QALY gained, which was below China’s 3 times GDP per capita threshold, along with appositive 
NMB values (774.50). These results indicate that insulin icodec is cost-effective compared to insulin degludec in insulin- 
naïve T2DM patients, but not when compared to insulin glargine U100 and once-daily basal insulin.

Among adults with T2DM receiving basal insulin therapy, insulin icodec versus insulin degludec (ONWARDS 2) 
showed an ICER of 80,186.91 per QALY and a negative NMB (-915.54). Meanwhile, among adults with T2DM 
receiving basal-bolus insulin therapy, insulin icodec versus insulin glargine U100 (ONWARDS 4) was associated with 
higher treatment costs ($30,888.00 vs $27,602.73) and fewer QALYs gained (10.8508 vs 10.8532). This suggests 
that insulin icodec does not offer long-term cost-effectiveness advantages over either insulin degludec or insulin glargine 
U100 in patients on basal and basal-bolus insulin regimens.

The Results of One-Way Sensitivity Analysis
The tornado diagram analysis systematically evaluated parameter uncertainties in the cost-effectiveness of insulin icodec 
versus other basal insulin (degludec or glargine U100) across four diverse treatment backgrounds (insulin-naïve to basal- 
bolus users) (Figure 1).

Table 5 The Results of Cost-Utility Simulation

Patient Trial Group Life 
Expectancy

Total 
QALY

Therapy 
Costs

Cost of 
Complications

Total Cost

In insulin-naïve  
T2DM patients

ONWARDS 1 Insulin Icodec 12.6378 10.8784 7355.3514 21,312.4805 28,667.8319

Insulin glargine U100 12.6075 10.8474 5947.4567 21,311.8816 27,259.3383

In basal insulin  
treated patients

ONWARDS 2 Insulin Icodec 11.8848 10.2345 8615.3895 19,952.5043 28,567.8938

Insulin degludec 11.8648 10.2131 6884.3189 19,962.5311 26,846.8500

In insulin-naïve  
T2DM patients

ONWARDS 3 Insulin Icodec 12.8902 11.0866 7161.1756 21,817.2841 28,978.4598

Insulin degludec 12.8429 11.0410 6040.7662 21,799.8871 27,840.6534

In basal-bolus-insulin 
treated patients

ONWARDS 4 Insulin Icodec 12.5757 10.8508 10,347.6360 20,540.3612 30,887.9972

Insulin glargine U100 12.5787 10.8532 7102.5791 20,500.1514 27,602.7305

In insulin-naïve  
T2DM patients

ONWARDS 5 Insulin Icodec 12.5754 10.8278 7751.5721 21,092.1089 28,843.6810

Once-Daily Basal 
Insulin

12.5475 10.7973 5382.0125 21,115.0652 26,497.0777

Abbreviation: QALY, Quality-Adjusted Life Year.
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Table 6 The Results of Cost-Utility Analysis

Patient Trial Group Total QALY Total Cost ICER NMB, $

In insulin-naïve T2DM patients ONWARDS 1 Difference Insulin Icodec, Insulin Glargine U100 0.0309 1408.4936 45,544.6856 −183.5430

In basal insulin treated patients ONWARDS 2 Difference Insulin Icodec, Insulin Degludec 0.0215 1721.0438 80,186.9059 −915.5404

In insulin-naïve T2DM patients ONWARDS 3 Difference Insulin Icodec, Insulin Degludec 0.0456 1137.8064 24,974.2997 774.4958

In basal-bolus insulin treated patients ONWARDS 4 Difference Insulin Icodec, Insulin Glargine U100 −0.0024 3285.2667 Glargine U100 dominant −3408.8193

In insulin-naïve T2DM patients ONWARDS 5 Difference Insulin Icodec, Once-Daily Basal Insulin 0.0305 2346.6033 76,877.5913 −1223.9565

Note: Glargine U100 dominant: Glargine U100 pay less cost for more benefit. 
Abbreviations: QALY, Quality-Adjusted Life Year; ICER, Incremental Cost-Effectiveness Ratio; NMB, Net Monetary Benefit.
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Our univariate sensitivity analysis identified three key findings: Firstly, model time horizon and discount rate emerged 
as the most influential parameters, with their variations generating the widest ICER fluctuations, underscoring the critical 
importance of structural assumptions in the economic model. Secondarily, intervention-specific costs (eg, injection 
device expenses) and baseline utility values demonstrated substantial sensitivity, highlighting the pivotal role of initial 
health status and delivery system costs in cost-effectiveness evaluations. In contrast, complication-related parameters 
(including annual treatment costs and utilities) exhibited minimal impact on ICERs, confirming the model’s robustness to 
these clinical inputs.

Building upon our base-case findings, we conducted threshold analyses by systematically varying the annual 
treatment costs of insulin icodec across the four ONWARDS trial diverse treatment backgrounds populations (cohorts 
1, 2, 4, and 5). The results demonstrated that to achieve cost-effectiveness at China’s willingness-to-pay threshold (ICER 
≤$40,354/QALY) compared to either insulin glargine U100 or degludec, insulin icodec would require differential price 
reductions of 2.50%, 10.63%, 32.94%, and 15.79% for ONWARDS 1, 2, 4, and 5 cohorts, respectively. These findings 
reveal substantial heterogeneity in cost-effectiveness thresholds across clinical populations, with the most pronounced 
price reduction required in the ONWARDS 4 cohort (32.94%), suggesting distinct economic value propositions depend
ing on treatment context and comparator regimens. This tiered sensitivity profile underscores the importance of context- 
specific pricing strategies for insulin icodec adoption.

Figure 1 Tornado diagrams of the one-way sensitivity analysis. Note: QALY: Quality-Adjusted Life Year; ICER: Incremental Cost-Effectiveness Ratio; WTP: willingness-to- 
pay; WTP=$40,354.09=3 times GDP per capita in China; WTP=$13451.36=1 times GDP per capita in China. (A) Insulin Icodec vs Insulin Glargine U100 in insulin-naïve 
T2DM patients; (B) Insulin Icodec vs Insulin Degludec in basal insulin-treated T2DM patients; (C) Insulin Icodec vs Insulin Degludec in insulin-naïve T2DM patients; (D) 
Insulin Icodec vs daily basal insulin in insulin-naïve T2DM patients.
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Probabilistic Sensitivity Analysis
In the ONWARDS 4 trial population (adults with T2DM receiving basal-bolus insulin), insulin icodec was dominated by 
insulin glargine U100, demonstrating both higher costs and inferior clinical outcomes. Consequently, we present 
probabilistic sensitivity analysis results only for the remaining four trial populations (ONWARDS 1, 2, 3, and 5), with 
corresponding cost-effectiveness scatterplots and acceptability curves shown in Figures 2 and 3.

The probabilistic sensitivity analysis involving 1000 Monte Carlo simulations revealed that the majority of cost- 
effectiveness pairs for insulin icodec versus comparator basal insulins across the four ONWARDS cohorts (1, 2, 3, 
and 5) were distributed in the northeast quadrant (Figure 2), indicating consistently higher total costs coupled with greater 
QALY gains. Among insulin-naïve adults with T2DM, the probability of insulin icodec being cost-effective was 9.3% 
versus insulin glargine U100 (Figures 2A and 3A), 80.1% versus insulin degludec (Figures 2C and 3C), and 0.2% versus 
once-daily basal insulin (Figures 2D and 3D). Notably, in adults with T2DM receiving basal-bolus insulin therapy, insulin 
icodec demonstrated a 0% probability of cost-effectiveness when compared with insulin degludec (Figures 2B and 3B).

The Results of Scenario Analysis
We assumed that T2DM patients (with or without receiving insulin at screening) were willing to pay an additional 50, 100, 
or $150 annually for once-weekly insulin icodec versus once-daily basal insulin. Accordingly, we conducted threshold 
analyses by progressively adjusting icodec’s annual treatment cost, with cost-utility outcomes presented in Table 7.

At $50/year WTP, among insulin-naïve adults with T2DM, insulin icodec demonstrated long-term cost-effectiveness 
advantages versus both insulin glargine U100 and insulin degludec. At 100 or $150/year WTP, in insulin-naïve patients, 
icodec remained cost-effective against all comparator basal insulins; For basal insulin treated T2DM adults, icodec 
showed cost-effectiveness versus insulin degludec but not glargine U100.

Under scenarios incorporating a 10% price reduction for glargine U100 and degludec and an extended 30-year time 
horizon (the most influential parameter), the long-term cost-utility analysis revealed that insulin icodec maintained its 

Figure 2 Cost-effectiveness scatter plots comparing once-weekly insulin icodec versus daily basal insulins. 
Notes: Δ: represents the difference between the two group; (A) Insulin Icodec vs Insulin Glargine U100 in insulin-naïve T2DM patients; (B) Insulin Icodec vs Insulin Degludec in 
basal insulin-treated T2DM patients; (C) Insulin Icodec vs Insulin Degludec in insulin-naïve T2DM patients; (D) Insulin Icodec vs daily basal insulin in insulin-naïve T2DM patients. 
Abbreviations: QALY, Quality-Adjusted Life Year; WTP, willingness-to-pay.
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Figure 3 Cost-effectiveness acceptable curves comparing once-weekly insulin icodec versus daily basal insulins. 
Notes: (A) Icodee vs Glargine U100 CE Acceptability Curve in Insulin-naive T2DM Patients; (B) Icodec vs Degludec CE Acceptability Curve in Basal Insulin treated Patients; 
(C) Icodec vs Degludec CE Acceptability Curve in Insulin-naive T2DM Patients; (D) Icodee vs Basal Insulin CE Acceptability Curve in Insulin-naive T2DM Patients.
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Table 7 The Results of Cost-Utility When Patients Willing to Pay an Additional 50, 100, or $150 Annually for Once-Weekly Insulin Icodec

Patient Trial Group ICER ICERs When Willing to Pay 
An Additional $50 per Year

ICERs When Willing to Pay an 
Additional $100 per Year

ICERs When Willing to Pay an 
Additional $150 per Year

In insulin-naïve 

T2DM patients

ONWARDS 1 Difference Insulin Icodec, 

Insulin Glargine U100

45,544.6856 25,111.9825 4679.2793 Icodec dominant

In basal insulin 

treated patients

ONWARDS 2 Difference Insulin Icodec, 

Insulin Degludec

80186.9059 52,500.1317 24,813.3575 Icodec dominant

In insulin-naïve 
T2DM patients

ONWARDS 3 Difference Insulin Icodec, 
Insulin Degludec

24974.2997 10,827.5677 Icodec dominant Icodec dominant

In basal-bolus 
insulin treated 

patients

ONWARDS 4 Difference Insulin Icodec, 
Insulin Glargine U100

Glargine 
U100 

dominant

Glargine U100 dominant Glargine U100 dominant Glargine U100 dominant

In insulin-naïve 

T2DM patients

ONWARDS 5 Difference Insulin Icodec, 

Once-Daily Basal Insulin

76877.5913 56,278.3982 35,679.2051 15,080.0121

Note: Icodec dominant: Icodec pay less cost for more benefit; Glargine U100 dominant: Glargine U100 pay less cost for more benefit. 
Abbreviation: ICER, Incremental Cost-Effectiveness Ratio.
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cost-effectiveness in insulin-naïve T2DM patients and icodec versus degludec retained cost-effectiveness in basal insulin 
treated patients regardless of price reductions or time horizon extensions at a $150/year WTP, with probabilistic 
sensitivity analysis results consistent with the base-case findings (Supplementary Figures 1 and 2).

Discussion
This study evaluated the long-term cost-effectiveness of once-weekly insulin icodec versus daily basal insulins (glargine U100/ 
degludec) in Chinese adults with T2DM across diverse treatment backgrounds (insulin-naïve to basal-bolus users). The study 
results demonstrated that insulin icodec was cost-effective compared to degludec in insulin-naïve T2DM patients (ICER: 
$24,974/QALY; NMB: +775). However, it showed no advantage against glargine U100 or once-daily basal insulin (ICER 
exceeded the 3 times GDP threshold, and NMB was negative). Among patients on basal or basal-bolus regimens, icodec offered 
no long-term cost-effectiveness benefits. Sensitivity analysis confirmed that the simulation time horizon and discount rate had the 
greatest impact on outcomes. Scenario analysis revealed that patient’s WTP significantly influenced icodec’s cost- 
effectiveness—for instance, in most scenarios, icodec became advantageous when annual WTP reached $150 or higher.

In patients with T2DM receiving basal insulin therapy, approximately 50–73% fail to achieve glycemic targets.3 This 
treatment gap may be partially attributable to medication nonadherence, with Steenkamp et al4 reporting insulin nonadherence 
rates reaching 44.3% in T2DM populations - a clinically significant finding given its established association with both 
suboptimal glycemic control (HbA1c >7%) and increased microvascular complication risks. Multiple systemic and patient- 
specific barriers contribute to these unsatisfactory outcomes, including: clinical inertia in insulin initiation/titration, needle 
anxiety associated with daily injections, missed doses, premature treatment discontinuation, and hypoglycemia-related 
concerns.30 The novel once-weekly insulin icodec presents a potential solution, demonstrating therapeutic advantages 
through: reduced injection frequency (weekly vs daily), simplified administration protocols, improved glycemic stability 
(as measured by time-in-range metrics), Mitigated risks of hypoglycemia and weight gain. These pharmacological properties 
collectively enhance treatment adherence rates in clinical trials.31 However, cost-effectiveness remains highly dependent on 
treatment background and comparator drug pricing. Hu S et al demonstrated that in patients previously on basal insulin, icodec 
versus degludec showed cost-effectiveness when icodec’s annual treatment cost fell between $597.66 and $736.34.32 

Conversely, Dai et al found that in patients previously receiving basal-bolus therapy, icodec versus glargine U100 only 
demonstrated cost-effectiveness when icodec’s annual treatment cost ranged from $784.90 to $1145.96.33 These differential 
price sensitivity profiles across treatment-experienced populations align precisely with our pharmacoeconomic findings, 
suggesting that value-based pricing strategies for icodec should account for prior treatment regimens.

Contrasting with Torre et al,’s34 Italian data, our analysis revealed lower cost-effectiveness of icodec in basal-bolus 
users. This divergence likely stems from two methodological distinctions: Firstly, our inclusion of complication manage
ment costs absents in their model. Second, Enrico Tone et al’s cohort comprised Italian adults with both T1DM and 
T2DM receiving basal insulin therapy, whereas our study exclusively examined T2DM. Third, their analysis assumed 
equivalent therapeutic efficacy between treatments, without accounting for potential differences in HbA1c reduction or 
weight change. Furthermore, Dai N et al’s33 research suggested that in basal-bolus-experienced patients, icodec showed 
greater cost-effectiveness than glargine U100 after 40-year simulation (10.15 vs 10.07 QALYs). This finding diverges 
from our results, potentially due to differences in baseline characteristic modeling - specifically, whether patient-level 
data were randomized based on mean and standard deviation parameters.

The Diabetes Prevention and Treatment Guidelines recommend that once-weekly insulin icodec demonstrates 
comparable efficacy to daily basal insulin analogs (glargine U100, glargine U300, and degludec) in HbA1c reduction, 
with similar hypoglycemia risk and weight effects, while significantly improving treatment satisfaction and 
adherence.35,36 For insulin-naïve patients, icodec may be prioritized - particularly when compared to degludec. 
However, in patients receiving basal or basal-bolus regimens, careful cost-benefit evaluation is warranted, with con
sideration limited to injection frequency-sensitive populations. In clinical practice, physicians should balance icodec’s 
convenience against its economic impact, incorporating both patient willingness-to-pay and diverse treatment back
ground into therapeutic decision-making. From a policy perspective, China’s healthcare insurance system could imple
ment differentiated reimbursement strategies based on patients’ treatment backgrounds to alleviate financial burdens 
while optimizing cost-effective care.
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The current limited use of insulin icodec in China can be attributed to several factors, including the natural delay between 
regulatory approval and widespread adoption within a large healthcare system, its absence from the National Reimbursement 
Drug List (NRDL), which results in high out-of-pocket costs and poses a barrier to local budget allocation, limited clinical 
familiarity among providers, and infrastructural challenges such as cold chain requirements and training needs in rural areas. 
In conclusion, while icodec’s weekly profile is particularly promising for simplifying therapy in hard-to-reach populations, its 
successful implementation will depend on overcoming infrastructural barriers, ensuring affordable access through NRDL 
inclusion, and investing in healthcare professional training. Our cost-effectiveness findings provide a strong economic 
argument for policymakers to support its adoption across diverse treatment backgrounds in T2DM, offering evidence-based 
guidance for insulin therapy selection, contingent upon these implementation challenges being addressed.

This study utilized the validated UKPDS-OM2.1 model (demonstrated in multiple populations) and ONWARDS trial data 
to evaluate the long-term cost-effectiveness of once-weekly insulin versus daily basal insulins (glargine U100 and degludec), 
enhancing the reliability of outcome extrapolation. Comprehensive sensitivity analyses (including one-way, probabilistic, and 
scenario analyses) confirmed the robustness of our findings. However, several limitations should be acknowledged: First, the 
model relied on clinical trial data (eg, HbA1c changes, weight fluctuations), potentially underestimating real-world variability 
in adherence patterns and complication rates. Second, China-specific cost parameters (particularly complication-related 
expenses) may limit the generalizability of conclusions to other healthcare systems. For example, a study aiming to project 
the potential cost savings from implementing a multidisciplinary team (MDT) approach for reducing macrovascular and 
microvascular complications in patients with T2DM successfully demonstrated that the MDT model is effective in improving 
glycemic control. This intervention is projected to significantly reduce the incidence of diabetes-related complications, thereby 
resulting in substantial cost savings.37 Third, the model could not incorporate certain complication data as these were not 
reported in the original RCTs, which may affect outcome validity. Fourth, once-weekly insulin icodec may enhance treatment 
adherence and satisfaction as a convenient therapeutic option, real-world evidence on its actual adherence rates remains 
limited. Our base-case analysis assumed 100% adherence to the treatment regimen, which is an optimistic assumption rarely 
achieved in real-world clinical practice. Non-adherence can diminish treatment effectiveness, potentially alter the clinical 
outcomes and reduce the cost-effectiveness of the intervention. While this assumption aligns with the intention to evaluate the 
intervention’s efficacy under ideal conditions, it may overestimate its real-world value. Although our trial-based adherence 
assumptions may overestimate real-world outcomes, the scenario analyses with variable WTP thresholds ($50-$150) provide 
robust sensitivity testing. Finally, projecting long-term outcomes from short-term therapeutic effects may introduce estimation 
bias. Future research should: incorporate Chinese real-world evidence with long-term follow-up of icodec’s actual adherence 
rates and complication profiles to validate model assumptions; and expand the analytical framework to include indirect costs 
(eg, productivity losses) and societal preferences (eg, patient utilities for injection frequency).

Conclusion
This study demonstrates that once-weekly insulin icodec is a cost-effective alternative to insulin degludec in insulin- 
naïve Chinese patients with type 2 diabetes, but not against insulin glargine U100 or the class of once-daily basal 
insulins. No cost-effectiveness advantage was observed in patients previously treated with basal or basal-bolus insulin. 
For healthcare payers, these findings suggest that icodec could be prioritised for reimbursement specifically in insulin- 
naïve patients, while its use in insulin-experienced populations may require stricter criteria or value-based pricing 
strategies that account for actual injection frequency and adherence benefits. To further support decision-making, future 
research should include real-world studies in the Chinese context to evaluate long-term adherence, persistence, and 
associated complication rates under routine clinical practice.
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