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ABSTRACT
Aims: The economic burden of diabetes is driven by the management of vascular complications. Sodium-glucose cotransporter-2 inhibitors (SGLT2i) have demonstrated reductions in cardiovascular and renal complications, including hospitalisation for heart failure (HHF) and renal disease progression, in randomised clinical trials. The objective of this study was to evaluate the cost-effectiveness of the SGLT2i class versus standard of care in type 2 diabetes mellitus (T2DM), using evidence from both clinical trial and real-world studies. 
Methods: An established T2DM model was adapted to use contemporary outcomes evidence from real-world studies and randomised controlled trial evaluations of SGLT2i and extrapolated over a lifetime for HHF, myocardial infarction, stroke, end-stage renal disease, and all-cause mortality. The economic analysis considered adults with T2DM, with and without established cardiovascular disease, and was conducted over a lifetime from the perspective of the healthcare payer in the UK, US, and China, discounted at country-specific rates.
Results: SGLT2i were consistently associated with increased treatment costs, reduced complication costs and gains in quality-adjusted life years driven by differences in projected life expectancy, cardiovascular and microvascular morbidity and weight loss. SGLT2i were estimated to be cost-saving or cost-effective at relevant thresholds for the overall population in the UK, US and China, with the cost-effectiveness being greatest in higher risk subgroups. 
Conclusions: The findings highlight the need to take into account cost savings from reducing common, morbid and preventable T2DM complications when considering the cost of diabetes medications.


[bookmark: _Hlk21682895]INTRODUCTION
Global prevalence of type 2 diabetes mellitus (T2DM) continues to grow, driven by increased incidence, population growth, and ageing.1 The economic burden of diabetes is significant, accounting for 6-17% of total healthcare budgets globally.1 The most significant driver of diabetes-related healthcare expenditure is the management of vascular complications.2 Consequently, strategies to minimise complication rates have the potential to reduce healthcare costs2 alongside improving quality-adjusted life expectancy.3

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) are the most recent treatment advance for the management of T2DM. Recent cardiovascular outcomes trials (CVOTs) of SGLT2i have demonstrated reductions in cardiovascular (CV) complications, including major adverse cardiovascular events and hospitalisation for heart failure (HHF). Consequently, American and European guidelines recommend SGLT2i in individuals with T2DM and established atherosclerotic cardiovascular disease (ASCVD) regardless of glucose lowering potential.4,5 Furthermore, the DAPA-HF trial recently demonstrated that dapagliflozin reduced CV death or worsening heart failure (HF) compared with placebo in individuals with HF with reduced ejection fraction, with and without T2DM.6 Secondary analysis of the CVOTs and a renal outcome trial of SGLT2i also showed a significant reduction in progression of diabetic kidney disease, with reduced requirements for dialysis and transplantation.7-10 Recent meta-analysis of three randomised, placebo-controlled CVOTs of SGLT2i in people with T2DM suggested that reductions in the risk of HHF and progression of diabetic kidney disease may be observed irrespective of kidney function or the presence of ASCVD or HF at baseline.11

A key economic challenge facing healthcare systems is reconciling additional disease management expenditure in the short term, in order to deliver long-term health outcome benefits. A recent systematic review identified 37 pharmacoeconomic studies (15 dapagliflozin; 10 canagliflozin; 12 empagliflozin) demonstrating the health benefits associated with the use of individual SGLT2i to justify their acquisition cost.12 Much of the health benefit reported in these studies was driven by improved health-related quality of life (HRQoL) related to weight loss and low rates of hypoglycaemia, with any estimates of long-term CV benefit being derived purely from changes in established risk factors utilising published risk equations.13,14 This introduces a degree of uncertainty as established risk equations neither adequately reflect the CV event-rates nor the relative risk reductions observed across the SGLT2i CVOTs (in which CV and kidney benefits appeared to be entirely unrelated to changes in glucose control or other risk factors).15 

[bookmark: _Hlk41653602]Cost-effectiveness evidence for SGLT2i that incorporates data from CVOTs is limited to two evaluations, both using EMPA-REG OUTCOME trial data (empagliflozin).16 Neither evaluation considered the full range of expected health outcomes and associated costs expected to accrue over the individual’s lifetime.17,18 Additionally, the EMPA-REG OUTCOME trial recruited people with established ASCVD only, thereby limiting the generalisability of any cost-effectiveness results to a lower CV risk population. Recent studies have indicated that the EMPA-REG population may represent only 4% and 21% of the general T2DM population in the US19 and Europe20, respectively. In contrast, the inclusion criteria were broader in the CANVAS Program (canagliflozin)21 and more so in the DECLARE-TIMI 58 trial (dapagliflozin),22 which was representative of 40% and 59% of the US and European populations, respectively.19,20 CV outcomes and mortality rates associated with SGLT2i in routine clinical practice have also been studied in the observational study of more than 400,000 people with T2DM newly initiated on SGLT2i as a class (dapagliflozin, canagliflozin, empagliflozin, and others). The Comparative Effectiveness of Cardiovascular Outcomes (CVD-REAL) studies reported a lower rate of HHF and all-cause mortality (ACM) in people receiving SGLT2i versus other oral glucose lowering drugs (oGLDs) over more than one year of follow-up.23-25

Despite the growing body of evidence for SGLT2i demonstrating favourable morbidity and mortality effects across a wide range of T2DM populations in both trial and routine clinical practice settings, no formal health economic analyses of SGLT2i have been conducted at the therapeutic class level that directly incorporate all clinical trial and real-world evidence data. Therefore, the objective of this study was to evaluate the cost effectiveness of SGLT2i as a class, compared to placebo in addition to current standard of care, or compared to oGLDs, in people with and without established ASCVD, using clinical trial and real-world evidence. 



METHODS
Model structure
A hybrid model combining contemporary outcomes evidence with the Cardiff T2DM cost-effectiveness Model26 was used for this study. The Cardiff T2DM Model is a Microsoft Excel based patient-level fixed-time increment (6-monthly) Monte Carlo simulation employing evidence drawn predominantly from the United Kingdom Prospective Diabetes Study (UKPDS)13,14 to model disease progression. This model was adapted to incorporate survival curves derived from either real-world studies or trial evaluations of SGLT2i and extrapolated over a lifetime for the following observed hard endpoints: ACM, HHF, stroke, myocardial infarction (MI), and end-stage renal disease (ESRD). Incidence of blindness and lower limb ulceration due to diabetes were estimated via the UKPDS 82 risk equations.14 Due to the reliance of the UKPDS equations on surrogate risk factors (e.g. HbA1c, systolic blood pressure (SBP), weight, and cholesterol), the effects of treatment were applied to these modifiable risk factors in the first year and their progression tracked over the remaining horizon. Treatment-specific rates of decline in estimated glomerular filtration rate (eGFR) were also modelled and mapped to progression through chronic kidney disease (CKD) stages. The structure of the model is outlined in Figure 1, and equations used for each endpoint are summarised in Table S1.

Adherence to treatment and escalation of background T2DM therapies were implicitly assumed to be captured within the extrapolation of survival curves. Discontinuation of SGLT2i was modelled when eGFR declined below 45 mL/min/1.73m2 and according to an annual probability of discontinuation in line with trial-based observations. Following discontinuation of SGLT2i, patients were subject to complication risks associated with the control arm.

Model inputs
The modelled impact of SGLT2i on the incidence of CV outcomes was informed by the most up-to-date results from the CVD-REAL observational study24 and a published meta-analysis11 of three CVOTs: CANVAS,21 EMPA-REG,16 and DECLARE-TIMI 58.22 Hazard ratios (HRs) quantifying the comparative effectiveness of SGLT2i versus oGLD for the overall population in CVD-REAL, and versus placebo for the overall population and patient subgroups of the CVOTs (established ASCVD versus multiple risk factors (MRF), and prior HF versus no prior HF), were used. Published Kaplan-Meier survival plots from CVOTs were digitised and parametric survival equations fitted to model event survival in the control arm, to which HRs were applied in the treatment arm where reported to be statistically significant (Table S2). As Kaplan-Meier survival plots have not been published for the pooled analysis of CVD-REAL 1 and 2, survival curves from CVD-REAL 124,27 were refitted to event rates reported from the pooled CVD-REAL 1 and 2 analysis at the mean reported follow-up. Survival curves were chosen based on best fit to CVD-REAL 1 data prior to adjustment (based on the Akaike Information Criterion (AIC)) and the feasibility of extrapolations inspected following adjustment to CVD-REAL 1 and 2 data. To account for long-term increases in mortality risk associated with ageing, country-specific life tables were applied if the age- and sex-specific probability of death in the general population exceeded the predicted probability of death from the survival curves.

Baseline patient characteristics, the effects of treatment on modifiable risk factors, and annual incidence of adverse events and SGLT2i discontinuation were sourced from the CVOT publications and weighted averages derived across the trials (Table 1 and Table S3). Following the application of treatment effects to modifiable risk factors in year 1 of the simulation, HbA1c, SBP, and cholesterol were assumed to progress in line with UKPDS data13 over the remaining time horizon. Following the application of an initial weight loss of −2.61 kg to the SGLT2i arm, weight was assumed to converge gradually with the control arm at an annual rate of +0.063 kg, based on observations from the CVOTs.

A constant ESRD rate was applied to the control arm, derived from clinical trials (CANVAS,7 EMPA-REG,9 DECLARE-TIMI 5810) and CVD-REAL,28 with corresponding HRs applied to the treatment arm. Treatment-specific linear declines in eGFR were modelled based on reported rates of change and digitised plots of eGFR from clinical trials (CANVAS,7 EMPA-REG,9 DECLARE-TIMI 5810), and from recent CVD-REAL analyses of eGFR over time.28

Utility decrements associated with T2DM complications, CKD health states, and weight changes were sourced from published literature and applied additively (Table S4). Published costs of T2DM complications and CKD health states were inflated to 2017 prices where necessary. The costs of SGLT2i were sourced from local price lists and applied to the treatment arm,29,30 in addition to published costs of T2DM management (Table S4). 

Cost-utility analysis
The economic analysis considered adults with T2DM at high CV risk as represented by the CVOTs or initiated on SGLT2i in real-world clinical practice as observed in the CVD-REAL studies. Total and incremental costs, life years and quality-adjusted life years (QALYs) associated with SGLT2i versus control (oGLD or placebo) were estimated over a lifetime for a cohort of 1,000 patients, simulated 1,000 times. Costs and health benefits were applied from the perspective of the healthcare payer in the UK, US, and China and discounted at country-specific rates (UK: 3.5%; US and China: 3%). Willingness-to-pay thresholds of £20,000, $100,000, and ¥179,490 (3 x GDP per capita) were applied in the derivation of net monetary benefit (i.e. the total monetary value of costs and QALYs) and to assess cost-effectiveness, for the UK, US, and China, respectively.

Scenario analysis
A range of scenario analyses were undertaken to assess the impact of alternative input asumptions on modelled outcomes in real-world and overall CVOT analyses. In particular, there was uncertainty regarding costs associated with CKD health states. Medical costs directly attributable to CKD prior to the onset of ESRD were identified for the US, which had been adjusted for MI, stroke and HF. However, CKD stage costs sourced for the UK analysis are defined as CKD care costs, and include inpatient stays, nephrology outpatient vistis, antihypertensive drugs and GP visits. As such, there is potential in the UK analysis for double counting of complication-related costs. A scenario analysis was conducted whereby CKD costs were removed from the UK analysis, to measure the influence of these costs on modelled results. CKD costs prior to ESRD were not identified for China, with the exception of CKD stage 5.31 To assess the potential impact that further CKD costs could have on the Chinese analyses, a scenario was conducted whereby costs were assigned to CKD stages 3 - 4.

[bookmark: _Hlk45620777]The following scenario analyses were assessed for the overall populations (real-world and CVOT): exclusion of CKD costs prior to ESRD in the UK analysis; inclusion of CKD costs prior to ESRD in the China analysis; no annual discontinuation of SGLT2i; baseline profiles derived per country, inclusion of fracture and amputation adverse events (based on the CANVAS Program estimates); and baseline characteristics and survival curves derived from the CREDENCE study.8



RESULTS
[bookmark: _Hlk15025833]Figure 2 presents the predicted incidence of events in the CVD-REAL and the overall CVOT analysis for simulated cohorts over a lifetime. The predicted incidence of events for CVOT subgroups are presented in Table S5. Whether applying real-world or trial-based evidence, SGLT2i were associated with fewer HHF and ESRD events. With the exception of the MRF subgroup from the CVOTs, SGLT2i were also associated with fewer MI events per life year compared to the control arm. A greater number of complications were predicted in higher risk subgroups from the CVOTs (established ASCVD versus MRF; prior HF versus no prior HF) and consequently the estimated avoidance of future events with the use of SGLT2i was greater in these individuals.

Despite increased predicted life expectancy in the SGLT2i arm the reduced incidence of complications and progression of renal disease led to reduced time lived with comorbidities, with significant implications for long-term costs and HRQoL.

[bookmark: _Ref16249956]Figure 3 presents the breakdown of estimated costs by treatment and category of complications in the real-world analysis and CVOT overall population. In the UK, total estimated costs were driven by renal costs; decreases in renal and complication costs associated with SGLT2i offset the additional costs associated with treatment. Treatment costs accounted for a larger proportion of total costs in the US analysis, and consequently the complication-related cost savings were not sufficient to completely offset these costs. Costs associated with renal disease accounted for a smaller proportion of total costs in the China analysis, as only costs related to ESRD and CKD stage 5 were included. Table S6 summarises the breakdown of costs per CVOT subgroup; all of which follow similar patterns to the full population.

Table 2 summarises the lifetime discounted cost, QALY, life year, and cost-effectiveness estimates at the patient level,  (Table S7 provides results with all costs presented in 2017 US dollars for ease of comparison between results; conversion rates of 0.691089 and 3.549759 were used to convert UK and Chinese costs, respectively (purchasing power parities32). Table S7 presents the results for each country using its own currency). Larger QALY gains for patients treated with SGLT2i were estimated for the overall population when analyses were informed by real-world versus trial-based evidence, driven by the greater reduction in ACM risk with SGLT2i reported in CVD-REAL (HR: 0.52) compared to the CVOTs (0.85). For the overall population, most of the QALY gain estimated using CVOT evidence related to differences in ACM, CV, and microvascular complications (40%), however, a large proportion was attributable to differences in weight (39%), with the remainder relating to renal progression (21%); corresponding ratios estimated using CVD-REAL evidence were 54%, 32%, and 14%, respectively.

Patterns in estimated QALY gains and cost-effectiveness across CVOT population subgroups reflected the pattern in events avoided; consequently, SGLT2i were estimated to be most cost-effective in higher risk subgroups. In the UK analyses, SGLT2i were estimated to be cost-saving compared to the control arm across all scenarios informed by either real-world or trial evidence, driven by reduced costs associated with progression of renal disease. Similarly, scenarios informed by real-world evidence were cost-saving in China, as well as the analysis informed by trial evidence in the established ASCVD subgroup. All other subgroups in the China analysis were cost-effective. In contrast, SGLT2i were associated with increased cost estimates compared to the control arm in all US analyses, driven by the higher cost of SGLT2i in the US. Nevertheless, in the US, SGLT2i were estimated to be cost-effective at a willingness-to-pay threshold of $100,000 per QALY gained in both the real-world analysis and the overall CVOT populations, and across all subgroups except MRF.

In scenario analyses SGLT2i remained highly cost-effective in the overall population across all scenarios modelled in the UK and China, and in most cases in the US. Results of the scenario analyses are presented in Table S8. 

In the UK analyses, excluding CKD costs was most influential; however, SGLT2i remained dominant in the real-world analysis and highly cost-effective in the overall CVOT analysis, with an ICER of £5,265. In China, including CKD costs resulted in greater estimated cost savings due to faster renal progression modelled in the control arm. Application of a faster rate of eGFR decline from the CREDENCE study increased estimated cost savings associated with SGLT2i in the UK and China, and improved cost-effectiveness in the US, due to the control arm spending longer in CKD stage 5, where high costs are applied. Excluding discontinuation of SGLT2i led to the application of high treatment costs over a lifetime and consequently SGLT2i no longer being cost-effective in the real-world and overall CVOT analyses for the US. The inclusion of additional adverse events made minimal differences to cost-effectiveness across countries. 

[bookmark: _Hlk45620889]Scenario analyses in which baseline characteristics were derived at a country level33-36, and used instead of profiles derived from CVOTs or CVD-REAL, demonstrated that controlling for demographic differences between countries is not expected to change any cost-effectiveness decisions across scenarios modelled. 



The potential value associated with SGLT2i at the population level is considerable, due principally to the size of the relevant T2DM population. Table 3 presents results for the overall CVOT population scaled to a national level based on estimates of T2DM prevalence1,37 and the proportion of the general T2DM population represented by the CVOTs.19,20 


DISCUSSION
The analysis presented here demonstrates for the first time that SGLT2i as a class are cost-effective compared to oGLD or to placebo in addition to current standard of care. This statement holds for those with and without prior HF and for those with established ASCVD. SGLT2i are also cost-saving in the MRF subgroup in the UK, and cost-effective in this subgroup in China. Although still cost-effective across all subgroups other than the MRF subgroup, results from the US analyses were less favourable than those presented for the UK and China. This is largely driven by the high list price of SGLT2i therapy in the US compared to other countries.

[bookmark: _Hlk41900547]Previous cost-effectiveness research of SGLT2i in the treatment of T2DM that incorporates data from CVOTs is limited to two evaluations both of which focussed on the cost effectiveness of a specific SGLT2i - empagliflozin. Gourzoulidis et al.17 evaluated the cost-effectiveness of empagliflozin to treat people with T2DM and high CV risk, in Greece, utilising a health economic model incorporating patient level data from the EMPA-REG OUTCOME trial. Although empagliflozin was more costly compared to standard of care, the results of the study demonstrated greater improvements in life expectancy and quality-adjusted life expectancy, as well as reduced incidence rates of CV complications, with empagliflozin which was concluded to be a cost-effective treatment for people with T2DM at increased CV risk. A similar study by Nguyen et al.18 investigated the cost-effectiveness of empagliflozin for the prevention of CV morbidity and mortality in patients with T2DM and also utilised data from the EMPA-REG OUTCOME trial alongside other published epidemiological studies. Treatment with empagliflozin resulted in higher total lifetime treatment costs but yielded greater QALYs compared to standard treatment, with the results suggesting that empagliflozin may be cost effective compared with standard treatment in patients with T2DM and high CV risk. In the study presented here we have expanded on the previous research by investigating SGLT2i as a class, including a wider patient population and considering the full range of expected health outcomes and associated costs expected to accrue over the individual’s lifetime.

Relatively few cost-effectiveness analyses have been undertaken in populations with T2DM using direct evidence of clinical event rate reductions. Typically, models extrapolate changes in short-term intermediate outcomes e.g. HbA1c to predict life expectancy and quality adjusted life expectancy.13,14 In this study a hybrid approach has been taken, whereby an established diabetes model that uses changes in surrogate risk markers has been supplemented with direct observed and extrapolated event rate reductions. This approach ensures that the widest range of factors known to influence cost-effectiveness evaluations in diabetes are captured in a broad population. In particular, the incorporation of a meaningful reduction in CV events in the short term (< five years) is both unusual and noteworthy. The health economic consequences typically captured within the short term commonly reflect differences in weight, hypoglycaemia and other treatment-related side-effects. Consequently, previous economic evaluations of SGLT2i are likely to be conservative. The analysis presented here suggests that cost offsets associated with reduced rates of HHF and renal disease progression in the short and longer term confer significant additional economic benefits. 

The UKPDS equations13,14 form the basis of CV risk prediction in many diabetes models, yet concerns have been expressed as to their continued validity in contemporary diabetes populations; it has been reported that they may either underestimate risk, notably of hypoglycaemia, HF and ESRD,38 or over-estimate it.39 The development of risk equations capable of better capturing the expected effects of SGLT2i on T2DM outcomes is clearly warranted. Our approach provides a more effective way of capturing the economic effects of SGLT2i and may be adapted to other classes of agents with proven outcome benefits that may be independent of changes in HbA1c and other risk factors.

There are several potential limitations to this study. The approach to parametrically modelling CV outcomes, while following guidelines, did not explicitly capture disease progression mechanisms. This is not relevant for within-study modelling as the mechanisms are inherent to the data, but may represent a limitation when extrapolating over longer time horizons when clinical events become structurally dependent in nature (e.g. HF increases the risk of death); validation against UKPDS confirms that long-term event rates are realistic (Figures S1-S4).

Despite robust propensity-matching between study arms, observations from CVD-REAL may be subject to residual, unmeasured confounding.23 However, the inability to confirm comparative effectiveness using real-world evidence is not necessarily a limitation. The benefits observed in CVD-REAL reflect real-world clinical prescribing patterns and the estimated health economic benefit predicted in this study reflect this. Furthermore, despite significant differences in CVD history between study populations, the results of CVD-REAL were broadly consistent with the SGLT2i CVOTs for most of the outcomes assessed.23 Regardless, the cost-effectiveness of SGLT2i was confirmed using outcomes estimates from meta-analysis of the CVOTs, despite more modest ACM effects than in CVD-REAL.

Outcomes in clinical practice are a useful supplement to clinical trial data because the strict inclusion criteria typically applied to trial recruitment has implications for the generalisability of their results. The CV benefits of SGLT2i may be larger in terms of absolute event risk among individuals with established ASCVD, but the benefits of treatment for those without prior disease are important due to the greater numbers in this category and their remaining life expectancy. The availability of the dapagliflozin CVOT (DECLARE-TIMI 58),22 which included more people without established ASCVD compared to other CVOTs, also provides broader insight into the effect of an SGLT2i on a study population representing a larger proportion (40-59%)19,20 of the general T2DM population than considered in previous CVOTs.7,16,21 

Evaluating SGLT2i compared to oGLD or to placebo in addition to current standard of care reflects the recommendations in American and European guidelines.5,40,41 Furthermore, this study builds upon previous SGLT2i health economic research by utilising data from both randomised, placebo-controlled trials and real-world studies, in an established T2DM model that considers a comprehensive range of health outcomes, their associated costs, and impact upon HRQoL. Additionally, the analysis considered multiple geographical regions. Consequently, results are derived from a broad evidence base, evaluating a comprehensive set of health outcomes of relevance to a wide geographical area where SGLT2i are used for T2DM management.

As the prevalence of T2DM continues to rise1 and survival improves despite presence of co-morbidities, the financial burden of managing complications and pressures upon service delivery will increase further. The avoidance of complications will become critical as healthcare systems are required to manage recurrent hospital admissions, and even modest event reductions in healthcare systems running at, or close to, capacity can have a meaningful impact on service delivery. Consequently, prioritising T2DM therapies that can effectively prevent costly CV events, including HHF, and kidney disease progression will become increasingly advantageous for healthcare systems worldwide.
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LEGENDS TO FIGURES

Figure 1. Schematic of the model.

Figure 2. Lifetime incidence of events (%) predicted for the overall population informed by real-world (CVD-REAL) or CVOT evidence.

Figure 3. Lifetime breakdown of costs predicted for the overall population informed by real-world (CVD-REAL) or CVOT evidence, by country.



TABLES 
Table 1. Mean baseline characteristics for the overall population and by subgroup in the CVOTs

	Variable
	Overall (real-world)
	Overall (CVOTs)
	eCVD
	MRF
	Prior HF
	No prior HF
	Source

	Age (years)
	57·80
	63·51
	63·06
	64·19
	64·17
	63·57
	16,21,24,42-47

	Proportion female
	0·44
	0·35
	0·29
	0·44
	0·37
	0·35
	16,21,22,24,42,44-47

	Duration diabetes (years)
	12·43
	12·43
	13·2
	14·3
	10·85
	12·02
	21,22,44,45,47

	Height (m)
	1·68
	1·68
	1·68
	1·68
	1·69
	1·68
	16,21,22,42

	HbA1c (%)
	8·23
	8·23
	8·23
	8·3
	8·23
	8·07
	16,21,22,42,44-47

	SBP (mmHg)
	135·47
	135·47
	134·66
	136·67
	135·84
	136·16
	16,21,22,42,45-47

	Weight (kg)
	89·66
	89·66
	86·4
	90·53
	92·47
	87·93
	16,21,22,42,44-47

	eGFR (ml/min/1·73m2)
	80·79
	80·79
	78·09
	83·74
	78
	82·57
	16,21,22,42,44-47

	Heart rate
	73
	73
	71·5
	74·1
	73*
	73*
	22,46



CVOT: cardiovascular outcome trial; eCVD: established cardiovascular disease; eGFR: estimated glomerular filtration rate; HF: heart failure; MI: myocardial infarction; MRF: multiple risk factors; SBP: systolic blood pressure

* Not reported for subgroup, assumed equal to overall population

Where data required by the UKPDS 82 risk equations was unavailable, UKPDS values were applied
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[bookmark: _Ref33099154][bookmark: _Hlk44331979]Table 2. Lifetime discounted cost-effectiveness results, by evidence source and population subgroup
	Scenario
	Outcome
	UK
	US
	China

	
	
	Control
	Treatment
	Difference
	Control
	Treatment
	Difference
	Control
	Treatment
	Difference

	Overall 
(real-world)
	Life years
	15.72
	16.09
	0.37
	16.82
	17.10
	0.27
	15.05
	15.20
	0.16

	
	QALYs
	11.83
	12.43
	0.59
	12.63
	13.18
	0.55
	11.36
	11.77
	0.41

	
	Costs
	£39,247
	£31,490
	-£7,757
	$157,890
	$188,478
	$30,588
	¥153,294
	¥149,846
	-¥3,448

	
	NMB
	£197,411
	£217,065
	£19,655
	$1,105,086
	$1,129,455
	$24,370
	¥1,886,177
	¥1,962,425
	¥76,249

	
	ICER
	
	
	Dominant
	 
	 
	$55,658
	 
	 
	Dominant

	Overall 
(CVOT)
	Life years
	13.38
	13.57
	0.19
	14.39
	14.61
	0.22
	12.52
	12.54
	0.02

	
	QALYs
	9.99
	10.40
	0.41
	10.71
	11.16
	0.46
	9.38
	9.64
	0.26

	
	Costs
	£38,890
	£31,734
	-£7,155
	$131,105
	$165,096
	$33,990
	¥123,746
	¥125,746
	¥2,000

	
	NMB
	£161,009
	£176,354
	£15,345
	$939,757
	$951,396
	$11,639
	¥1,560,460
	¥1,604,657
	¥44,197

	
	ICER
	
	
	Dominant
	 
	 
	$74,493
	 
	 
	¥7,772

	MRF 
(CVOT)
	Life years
	13.56
	13.56
	0.00
	14.16
	14.16
	0.00
	13.19
	13.19
	0.00

	
	QALYs
	10.31
	10.55
	0.24
	10.75
	11.00
	0.25
	10.03
	10.26
	0.23

	
	Costs
	£31,746
	£25,742
	-£6,004
	$108,487
	$143,738
	$35,251
	¥111,050
	¥116,411
	¥5,361

	
	NMB
	£174,405
	£185,219
	£10,814
	$966,056
	$956,174
	-$9,882
	¥1,688,865
	¥1,725,502
	¥36,636

	
	ICER
	
	
	Dominant
	 
	 
	$138,955
	 
	 
	¥22,912

	eCVD
(CVOT) 
	Life years
	12.74
	13.06
	0.32
	13.65
	14.02
	0.37
	12.43
	12.56
	0.13

	
	QALYs
	9.40
	9.91
	0.51
	10.03
	10.60
	0.57
	9.19
	9.55
	0.36

	
	Costs
	£42,472
	£34,837
	-£7,635
	$139,213
	$172,258
	$33,045
	¥138,885
	¥138,736
	-¥149

	
	NMB
	£145,573
	£163,407
	£17,834
	$863,414
	$887,365
	$23,951
	¥1,510,914
	¥1,575,762
	¥64,849

	
	ICER
	
	
	Dominant
	 
	 
	$57,978
	 
	 
	Dominant

	No prior HF
(CVOT)

	Life years
	13.30
	13.46
	0.16
	14.28
	14.47
	0.19
	12.49
	12.51
	0.02

	
	QALYs
	9.98
	10.35
	0.37
	10.68
	11.09
	0.41
	9.40
	9.64
	0.24

	
	Costs
	£35,834
	£29,731
	-£6,103
	$125,483
	$160,929
	$35,446
	¥119,737
	¥123,375
	¥3,638

	
	NMB
	£163,841
	£177,289
	£13,449
	$942,173
	$947,980
	$5,806
	¥1,567,880
	¥1,607,503
	¥39,623

	
	ICER
	
	
	Dominant
	 
	 
	$85,925
	 
	 
	¥15,094

	Prior HF
(CVOT)
	Life years
	10.43
	10.99
	0.56
	10.94
	11.56
	0.62
	10.77
	11.28
	0.50

	
	QALYs
	7.67
	8.31
	0.64
	8.02
	8.71
	0.69
	7.90
	8.51
	0.61

	
	Costs
	£33,513
	£28,915
	-£4,598
	$104,593
	$140,007
	$35,414
	¥124,058
	¥128,413
	¥4,355

	
	NMB
	£119,792
	£137,232
	£17,440
	$697,097
	$731,176
	$34,079
	¥1,294,190
	¥1,399,341
	¥105,152

	
	ICER
	
	
	Dominant
	 
	 
	$50,960
	 
	 
	¥7,139


[bookmark: _Ref33103821]CVOT: cardiovascular outcome trial; eCVD: established cardiovascular disease; HF: heart failure; ICER: incremental cost-effectiveness ratio; MRF: multiple risk factors; NMB: net monetary benefit; QALYs: quality-adjusted life years
Table 2. Lifetime discounted cost-effectiveness results, by evidence source and population subgroup; all results presented in 2017 US dollars 

	Scenario
	Outcome
	UK*
	US
	China*

	
	
	Control
	Treatment
	Difference
	Control
	Treatment
	Difference
	Control
	Treatment
	Difference

	Overall
	Life years
	15.72
	16.09
	0.37
	16.82
	17.1
	0.27
	15.05
	15.2
	0.16

	(real-world)
	QALYs
	11.83
	12.43
	0.59
	12.63
	13.18
	0.55
	11.36
	11.77
	0.41

	 
	Costs
	$27,123 
	$21,762 
	-$5,361 
	$157,890
	$188,478
	$30,588
	$544,155 
	$531,916 
	-$12,239 

	 
	NMB
	$1,155,877 
	$1,221,238 
	$64,361 
	$1,105,086
	$1,129,455
	$24,370
	$591,845 
	$645,084 
	$53,239 

	 
	ICER
	 
	 
	Dominant
	 
	 
	$55,658
	 
	 
	Dominant

	Overall
	Life years
	13.38
	13.57
	0.19
	14.39
	14.61
	0.22
	12.52
	12.54
	0.02

	(CVOT)
	QALYs
	9.99
	10.4
	0.41
	10.71
	11.16
	0.46
	9.38
	9.64
	0.26

	 
	Costs
	$26,876 
	$21,931 
	-$4,945 
	$131,105
	$165,096
	$33,990
	$439,268 
	$446,369 
	$7,101 

	 
	NMB
	$972,124 
	$1,018,069 
	$45,945 
	$939,757
	$951,396
	$11,639
	$498,732 
	$517,631 
	$18,899 

	 
	ICER
	 
	 
	Dominant
	 
	 
	$74,493
	 
	 
	$27,311 

	MRF 
	Life years
	13.56
	13.56
	0
	14.16
	14.16
	0
	13.19
	13.19
	0

	(CVOT)
	QALYs
	10.31
	10.55
	0.24
	10.75
	11
	0.25
	10.03
	10.26
	0.23

	 
	Costs
	$21,939 
	$17,790 
	-$4,149 
	$108,487
	$143,738
	$35,251
	$394,202 
	$413,232 
	$19,030 

	 
	NMB
	$1,009,061 
	$1,037,210 
	$28,149 
	$966,056
	$956,174
	-$9,882
	$608,798 
	$612,768 
	$3,970 

	 
	ICER
	 
	 
	Dominant
	 
	 
	$138,955
	 
	 
	$82,741 

	eCVD
	Life years
	12.74
	13.06
	0.32
	13.65
	14.02
	0.37
	12.43
	12.56
	0.13

	(CVOT) 
	QALYs
	9.4
	9.91
	0.51
	10.03
	10.6
	0.57
	9.19
	9.55
	0.36

	 
	Costs
	$29,352 
	$24,076 
	-$5,276 
	$139,213
	$172,258
	$33,045
	$493,008 
	$492,479 
	-$530 

	 
	NMB
	$910,648 
	$966,924 
	$56,276 
	$863,414
	$887,365
	$23,951
	$425,992 
	$462,521 
	$36,530 

	 
	ICER
	
	
	Dominant
	 
	
	$57,978
	
	
	Dominant

	No prior HF
	Life years
	13.3
	13.46
	0.16
	14.28
	14.47
	0.19
	12.49
	12.51
	0.02

	(CVOT)
	QALYs
	9.98
	10.35
	0.37
	10.68
	11.09
	0.41
	9.4
	9.64
	0.24

	 
	Costs
	$24,765 
	$20,547 
	-$4,218 
	$125,483
	$160,929
	$35,446
	$425,037 
	$437,951 
	$12,914 

	 
	NMB
	$973,235 
	$1,014,453 
	$41,218 
	$942,173
	$947,980
	$5,806
	$514,963 
	$526,049 
	$11,086 

	 
	ICER
	 
	 
	Dominant
	 
	 
	$85,925
	 
	 
	$53,809 

	Prior HF
	Life years
	10.43
	10.99
	0.56
	10.94
	11.56
	0.62
	10.77
	11.28
	0.5

	(CVOT)
	QALYs
	7.67
	8.31
	0.64
	8.02
	8.71
	0.69
	7.9
	8.51
	0.61

	 
	Costs
	$23,161 
	$19,983 
	-$3,178 
	$104,593
	$140,007
	$35,414
	$440,374 
	$455,835 
	$15,461 

	 
	NMB
	$743,839 
	$811,017 
	$67,178 
	$697,097
	$731,176
	$34,079
	$349,626 
	$395,165 
	$45,539 

	 
	ICER
	 
	 
	Dominant
	 
	 
	$50,960
	 
	 
	$25,345 



* Cost conversions to US dollars made using rates of 0.691089 and 3.549759 for the UK and China, respectively (purchasing power parities32)



Table 3. National level estimates based on overall CVOT population; number of individuals and health economic estimates reported in millions

	Parameter
	UK
	US
	China

	Number of people:
	(millions)
	 
	 
	 

	  with diabetes
	
	2.7
	30.2
	114.4

	  with T2DM (90%)
	
	2.5
	27.2
	103.0

	  represented by CVOTs
	percentage
	21–59%20
	4.1–39.8%19
	Assumed 4.1–59%

	  represented by CVOTs
	number of people
	0.5 to 1.5
	1.1 to 10.8
	4.2 to 60.7

	Health economic impact of SGLT2i:
	(millions)
	 
	 
	 

	  Total cost difference 
	
	–£3,716 to –£10,440
	$37,862 to $367,543
	¥8,444 to ¥121,512

	  Total life years gained
	
	0.1 to 0.3
	0.2 to 2.4
	0.1 to 1.4

	  Total QALYs gained 
	
	0.2 to 0.6
	0.5 to 4.9
	1.1 to 15.6

	  Incremental NMB 
	£7,969 to £22,389
	$12,965 to $125,852
	¥186,562 to ¥2,684,678



CVOT: cardiovascular outcome trial; NMB: net monetary benefit; QALYs: quality-adjusted life years; SGLT2i: sodium–glucose cotransporter-2 inhibitor; T2DM: type 2 diabetes mellitus




