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Abstract

Background Heart failure (HF) in type 2 diabetes (T2D) patients poses a significant clinical and financial burden. While
sodium-glucose cotransporter-2 inhibitors (SGLT2i) have shown cardiovascular benefits in trials, they are not included in
Thailand’s National List of Essential Medicines (NLEM), and their value-for-money remains unassessed.

Objective This study aims to evaluate the cost-utility of adding SGLT?2i to the standard treatment for T2D-HF patients in
Thailand.

Methods A Markov model with 3-month cycles and a lifetime horizon was conducted from a societal perspective. Efficacy
data came from a systematic review and meta-analysis. Transition probabilities and direct medical costs were derived from
the National Health Security Office database, while direct non-medical costs and utility were collected through patient inter-
views at Siriraj hospital to reflect Thailand’s context. The main outcomes were incremental costs, quality-adjusted life-years
(QALYj5), and incremental cost-effectiveness ratio (ICER). A sensitivity and budget impact analysis were also performed.
Results Canagliflozin led to the highest increase in QALYs, at 1.21 years, followed by dapagliflozin (0.54 years) and empa-
gliflozin (0.06 years). Collectively, SGLT?2i yielded an increase of 0.41 QALYSs. Canagliflozin incurred the highest additional
treatment cost at United States dollars (US$)5600, followed by dapaglifiozin (US$3547) and empaglifiozin (US$2694).
The ICERs for canagliflozin, dapagliflozin, empaglifiozin, and overall SGLT2i were US$4632, US$6430, US$48,952, and
US$8480 per QALY gained, respectively. SGLT2i were not cost-effective compared with Thailand’s willingness-to-pay
threshold of US$4564 per QALY gained. However, threshold analysis indicates that the costs of canagliflozin, dapagliflozin,
empaglifiozin, and overall SGLT-2i should be reduced by 2.3%, 38.2%, 90.2%, and 55.6%, respectively, to be cost-effective.
Budget impact analysis revealed that the total budget for treating T2D patients with HF over 5 years is US$15.6 million.
Conclusions Adding SGLT?2i to standard treatment reduced HF hospitalization and mortality rates and improved QALY in
T2D-HF patients. Nevertheless, they would not be cost-effective at current prices in Thailand.
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Key Points for Decision Makers

This study reveals that sodium-glucose cotransporter-2
inhibitors (SGLT2i) substantially increase life expec-
tancy compared with the standard of care alone. How-
ever, from a societal perspective, SGLT2i were not
cost-effective to use at current prices given Thailand’s
willingness-to-pay threshold of United States dol-

lars (US$) 4564 per quality-adjusted life-years gained.
Nevertheless, price reductions ranging from 2.3 to 90.2%
would make these medications cost-effective.

This result would support the subcommittee for the
development of the National List of Essential Medicines
(NLEM) in Thailand to consider including any SGLT2i
in the NLEM for type 2 diabetes patients with heart fail-
ure after negotiations to reach a cost-effective threshold.
In addition, this study could potentially be a model for
researchers in other resource-limited countries, pro-
viding guidance on conduction of Health Technology
Assessment for national health schemes concerning drug
reimbursement.

1 Introduction

Type 2 diabetes (T2D) is strongly associated with heart fail-
ure (HF) and cardiovascular (CV) deaths [1]. T2D carries a
33% greater risk of HF hospitalization (HFH), significantly
increases the risk of recurrent HFH, extends the duration
of hospital stays, and results in higher mortality compared
with individuals without T2D [2]. T2D with HF (T2D-HF)
is a severe condition with only a 50% chance of survival
over 5 years [3]. It not only imposes a clinical burden on
patients and the global healthcare system but also incurs
substantial financial costs, including in Thailand [4]. The
health expenditures for T2D treatment in Thailand were esti-
mated at approximately Thai baht (THB) 35-84 billion per
year [5] and the cost of treatment significantly increases if
diabetes complications occur [6]. Inpatient hospital treat-
ments are mainly the result of such complications, which
drive healthcare costs and represent the main expense in
T2D treatment, significantly contributing to the rising cost
of care [7, 8].

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) are
a new generation of antidiabetic agents that work by inhib-
iting renal glucose and sodium reabsorption in an insulin-
independent manner. These inhibitors not only reduce blood
glucose but also have additional benefits such as reducing
body weight, increasing natriuresis, lowering blood pressure,
and minimizing CV events [9]. Several SGLT2i, namely
dapagliflozin, canagliflozin, empagliflozin, ertugliflozin,
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sotagliflozin, ipraglifiozin, tofogliflozin, and luseogliflo-
zin, are available globally. Despite the differing CV out-
comes of individual SGLT?2i in their respective clinical tri-
als, a recent systematic review and meta-analysis (SRMA)
revealed that, overall, SGLT2i could significantly reduce
the risk of HFH (hazard ratio [HR] 0.68, 95% confidence
interval [CI] 0.61-0.75) and CV death (HR 0.82, 95% CI
0.74-0.91) [10] in T2D patients. Nevertheless, SGLT2i have
not been included in the reimbursement scheme in several
countries, including Thailand, because of their high cost and
the potential large budget impact. Given the economic bur-
den of HF in T2D patients and the strong recent evidence of
clinical benefits from SGLT?24i, it is essential to evaluate the
economic benefits of these agents in the Thai population.

Although these medications share a similar mechanism of
action, they differ in terms of molecular structure, pharma-
cokinetics, pharmacodynamics, selectivity for the SGLT-1/
SGLT-2 receptor, ability to reduce CV events in clinical tri-
als, and price [11]. As a result, it would be beneficial to
explore the economic value of each SGLT?2i separately. In
addition, to include new drugs in Thailand’s National List
of Essential Medicines (NLEM), it is imperative to conduct
comprehensive cost-utility studies for all available drugs in
the country. Currently, there are no economic evaluation
studies for individual SGLT2i in Thailand. This study aims
to assess the cost-utility of adding all SGLT2i accessible
in Thailand to the standard of care (SoC), compared with
SoC alone, for the treatment of patients with T2D and HF
(T2D-HF). The results will provide crucial information for
policymakers to consider including these drugs in the Thai
NLEM for the treatment of patients with T2D-HF. Moreo-
ver, its findings are highly relevant to other middle-income
countries with similar healthcare challenges.

2 Methods
2.1 Cohort Population

This work was a cost-utility analysis (CUA) performed
alongside a retrospective cohort study, which focused on
adult T2D patients who had previously been diagnosed
with HF and exhibited a range of baseline New York Heart
Association (NYHA) and left ventricular ejection fraction
(LVEF) values. To represent T2D-HF patients in Thailand,
this study used claims data from the National Health Secu-
rity Office (NHSO), which is the largest universal coverage
provider in Thailand, accounting for approximately 72%
of the Thai population [12], for the period from 1 January
2015 to 31 December 2022. Patients entered the model at
60 years, reflecting the average age of Thai T2D-HF cases,
which was approximately 62 years according to the NHSO
databases.
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2.2 Intervention and Comparator

The potential intervention consisted of all available SGLT2i
in Thailand, including dapagliflozin, empaglifiozin, canagli-
flozin, and luseogliflozin. These agents were added to the
SoC for T2D-HF patients. The SoC encompassed lifestyle
modifications, rigorous glycemic and blood pressure control,
and optimal medication management, including diuretic,
angiotensin-converting enzyme inhibitors (ACEls)/angioten-
sin receptor blockers (ARBs), f-blockers, and mineralocorti-
coid receptor agonists (MRAs). Dapagliflozin was approved
for use in Thailand in 2014, whereas empaglifiozin and cana-
gliflozin were approved in 2015; however, luseogliflozin did
not have randomized controlled trials (RCTs) conducted
in T2D-HF patients and was therefore not included in the
analysis. The SGLT2i group was developed to evaluate the
cost-effectiveness of all available SGLT2i, excluding luse-
ogliflozin, using our SRMA pooled efficacy data and the
average price of all SGLT2i.

2.3 Model Structure

A Markov model was constructed using a lifetime horizon
from a societal perspective to predict the cost-utility of
adding SGLT2i to the SoC compared with SoC alone in
T2D-HF patients. The model is composed of three health
states: stable HF (SHF), HFH, and all-cause death, as seen in
Fig. 1. The study patients entered the model in the SHF state
and could progress to HFH or death. Following a non-fatal
HFH, individuals in the model population could either be at
risk of a further HFH event (readmission within 90 days),
return to SHF, or pass into death. Patients could transition
between different health states every 3 months, which cor-
responds to the cycle length. These transitions continued
until the end of a patient’s lifetime horizon. Microsoft Excel
(Microsoft Corporation, Redmond, WA, USA) was used to
construct the model.

Fig.1 A lifetime Markov model
for type 2 diabetes patients
with heart failure. The possible

health states applied to both the Stable

A number of assumptions were built into the model. First,
T2D-HF patients received the SoC in order to manage their
conditions. Second, patients did not experience adverse
effects that would lead to drug discontinuation. Third, in the
absence of real-world evidence based on transitional prob-
abilities for both NYHA classification and LVEF values in
the Thai HF population, a stratified analysis according to
these factors could not be performed. Thus, we assumed that
the efficacy, cost, and utility of patients in each health state
were comparable.

Regarding the adverse effects of SGLT2i, a recent SRMA
study [13] reported slight increases in the risk of urinary
tract infections, genital infections, and diabetic ketoacidosis.
However, these drugs were also able to significantly reduce
the risk of serious adverse events and acute kidney injury
[13]. Additionally, a real-world study in Thailand found that
none of the patients developed diabetic ketoacidosis, while
exhibiting low incidence rates for urinary tract infections and
genital infections [14]. With little difference in the incidence
of non-serious conditions at low treatment costs and only
minimal impacts on patient utility, this study did not include
the adverse effects of SGLT2i in its analysis.

2.4 Model Inputs

2.4.1 Efficacy of Individual Sodium-Glucose
Cotransporter-2 Inhibitors

A systematic review and network meta-analysis (SRNMA)
was conducted to assess and indirectly compare the efficacy
and safety of individual SGLT2i following the Preferred
Reporting Items for Systematic review and Meta-Analyses
(PRISMA) statement [15]. This work was registered in
PROSPERO (CRD42022353754). Three electronic data-
bases, namely PubMed, Embase, and the Cochrane Central
Registry of Controlled Trials, were searched from incep-
tion to 20 July 2023, without language restrictions. Search
terms were constructed in accordance with the population,

Heart failure

standard of care alone and the

standard of care plus sodium-
glucose cotransporter-2 inhibi-
tors. Cycle length of 3 months
with a lifetime horizon

heart failure

hospitalization
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intervention, comparator, outcome, and study design format
for each database, as described in Appendix A. Retrieved
titles and abstracts were reviewed by two independent
reviewers (TK and PH) and disagreements were discussed
with a third reviewer (PL). RCTs or their subgroups and
post-hoc analyses of SGLT2i in T2D-HF patients that com-
pared SGLT2i with the SoC and had outcomes of inter-
est were retained. The same two reviewers independently
extracted the data. Stata (Stata Statistical Software: Release
17. StataCorp LLC, College Station, TX, USA) was used for
all analyses and a significance threshold p-value of <0.05
was adopted.

A total of 7952 articles were retrieved, of which 14 arti-
cles from 11 studies were finally included (Appendix B).
Characteristics for the included studies are shown in Appen-
dix C. Because sotagliflozin and ertugliflozin were not avail-
able in Thailand during the study period, the SRNMA only
pooled results for dapagliflozin, canagliflozin, and empa-
gliflozin, which are registered for medical use in Thailand.
An analysis of the treatment outcomes for T2D-HF patients
using SGLT2i in conjunction with the SoC was conducted.

The outcomes were measured in terms of HFH and all-cause
mortality.

Our SRNMA demonstrates that the administration of any
SGLT?2i (e.g., dapagliflozin, canagliflozin, or empagliflozin)
in addition to the SoC significantly reduces the HFH rate
when compared with the SoC alone (relative risk [RR] 0.74,
95% CI 0.67-0.81, I> = 25.23%). In addition, overall all-
cause mortality is also significantly reduced (RR 0.91, 95%
CI 0.84-0.98, I> = 0.0%); however, only the dapagliflozin
results showed statistical significance (Table 1).

2.4.2 Transitional Probabilities

The NHSO data were quality checked by ensuring that the
visit date was not after the date of death, the age at the time
of service increased over time, the date of admission was
smaller or equal to the date of discharge, and there were
no admissions to hospital after the date of death. Addition-
ally, the length of stay in hospital was positive, the gender
remained consistent each time, and duplicate, nested, or
overlapping records were detected and corrected. For HFH,

Table 1 Transition probabilities and clinical efficacy parameters used in the model

Transitional probability Value Distribution
From stable heart failure to heart failure hospitalization

Constant in survival analysis for baseline hazard (OPD to IPD) -9.20 Log-normal
ACCI in survival analysis for baseline hazard (OPD to IPD) 0.26 Log-normal
Ancillary parameter in Gomp distribution (OPD to IPD) —0.001 Log-normal
From heart failure hospitalization to death

Constant in survival analysis for baseline hazard —3.58 Log-normal
ACCI coefficient in survival analysis for baseline hazard 0.13 Log-normal
Ancillary (shape) parameter in the Weibull distribution 0.34 Log-normal
Mean ACCI of NHSO patients 5

From stable heart failure to death

Constant in survival analysis for baseline hazard —-3.32 Log-normal
ACCI coefficient in survival analysis for baseline hazard 0.12 Log-normal
Ancillary (shape) parameter in the Weibull distribution 0.30 Log-normal
Mean ACCI of NHSO patients 5

Clinical efficacy from systematic review and network meta-analysis RR 95% CI
Heart failure hospitalization

Dapagliflozin + standard of care 0.81 0.72-0.91
Canagliflozin + standard of care 0.51 0.35-0.74
Empagliflozin + standard of care 0.71 0.64-0.79
SGLT2i+ standard of care 0.74 0.67-0.81
All-cause mortality

Dapagliflozin + standard of care 0.88 0.79-0.97
Canagliflozin + standard of care 0.76 0.58-1.00
Empagliflozin + standard of care 0.99 0.87-1.12
SGLT?2i+ standard of care 0.91 0.84-0.98

RR relative risk, CI confidence interval, NHSO National Health Security Office, ACCI age-adjusted Charlson Comorbidity Index, SGLT2i
sodium glucose cotransporter-2 inhibitor, OPD outpatient department, /NP inpatient department

A\ Adis



SGLT2i for Thai Diabetes with HF Patients

73

the initial index case was only determined from the visit of
HFH patients to ensure the diagnosis of HFH. Patients with
T2D-HF were included if they had International Classifica-
tion of Diseases, Tenth Revision (ICD-10) codes E11.x and
150.x. The index date was the hospitalization date with HF.
Patients who died before the next visit or lacked follow-up
after discharge were excluded. SHF was defined as no urgent
care or HFH within 3 months post-discharge. A parametric
survival model with the Weibull or Gompertz distribution
was applied to estimate the transitional probabilities for
SHF — HFH, SHF — death, and HFH — death using NHSO
data covering 120,861 T2D-HF patients. The model fitting
was tested using Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC) values to compare
Gompertz and Weibull distributions. The distribution with
the lower AIC and BIC values was considered to provide a
better statistical fit to the data. This approach ensures that the
selected distribution minimizes information loss and avoids
overfitting, thereby optimizing the model’s predictive perfor-
mance. Stata was used for the survival analysis, as detailed
in Appendix D. The baseline characteristics of the cohort
population are shown in Appendix E.

2.4.3 Cost

The Thai Health Technology Assessment (HTA) guidelines
suggest employing a societal perspective when conducting
economic evaluations, both to determine the impact of new
interventions and to consider the inclusion of those interven-
tions in the national benefits packages [16]. This approach
makes use of direct medical costs and direct non-medical
costs in the analysis, while indirect costs were excluded to
avoid duplication of both expenses and impacts from the
interventions. The direct medical costs for T2D-HF treat-
ments include the cost of a patient’s care and any drug pre-
scriptions. The treatment costs for outpatient department
(OPD) visits and inpatient department (IPD) care were
obtained from claims data in the NHSO database, tracking
health coverage for the largest segment (72%) of Thailand’s
population [12], from 1 January 2015 to 31 December 2022.
The prices of all SGLT2i were derived from the Drug and
Medical Supply Information Center (DMSIC) website, which
is maintained by the Ministry of Public Health [17]. Based
on the doses administered in the clinical trials [18-21], the
daily doses in this study included dapagliflozin 10 mg/day,
canagliflozin 100 mg/day, and empagliflozin 10 mg/day.
Direct non-medical costs, including accommodation,
supplements, informal care, medical equipment, and home
renovation, were obtained through interviews with patients
or caregivers who had visited or were hospitalized at hospi-
tal from 1 October 2022 to 31 March 2023 (n = 54), using a
structured questionnaire. Travel, food, and caregiver’s pro-
ductivity loss costs were acquired from the current reference

unit of the standard cost list for Thailand’s HTA [22]. The
costs were adjusted to the year 2022 using the Consumer
Price Index (CPI) in the corresponding medical care cat-
egories [23] and were converted to US$ with an exchange
rate of 35.06 THB per US$ [24]. Based on Thailand’s HTA
guidelines, a discount rate of 3% per year was applied [16].
All cost data are shown in Table 2.

2.4.4 Utility

The Thai value set for EQ-5D-5L questionnaire (registra-
tion ID 59225) [25] was used to prospectively assess the
utility of each health state in T2D-HF patients treated at
hospital. The sample size was calculated using the formula
[26] n= [Zzaoz]/ez, where mean and standard deviation (SD)
values were used from previous studies [27, 28]. A total of
23 SHF patients were interviewed, of whom the mean age
was 74.1 = 10.9 years and 72% were female. Additionally,
80% had hypertension, 50% had dyslipidemia, and 16% had
a history of stroke. Mean duration of T2D was 4.7 + 2.1
years, with an average HbA1C level of 7.4 + 1.2%. Further-
more, 77.7% of the patients were classified as NYHA class
II and the average LVEF value was 63.2 + 11.2%.

For the HFH health state, 31 patients were prospectively
interviewed. These study participants had an average age
of 73.5 + 10.7 years, with 37% being female. Among these
patients, 77% had coexisting hypertension, 23% had dyslipi-
demia, 3% had a history of stroke, and 20% had coronary
artery disease. The average HbA1C level was 7.3 + 1.6%.
Additionally, 44.4% of patients were classified as NYHA
class III and the average LVEF value was 53.7 + 15.3%. The
utility data were derived from a sample that included a typi-
cal distribution of comorbidities seen in the broader T2D-HF
population [3], ensuring that the utility scores reflect real-
world patient conditions.

2.5 Uncertainty Analysis

To measure the level of confidence in the incremental cost-
effectiveness ratio (ICER) and analyze the uncertainty in key
model input parameters, univariate, scenario, and probabil-
istic sensitivity analysis (PSA) methods were applied. The
influence of parameter uncertainty was assessed by one-way
sensitivity analysis, which uses the lower and upper bounds
of parameter distributions to reveal the important ICER
value determinants.

The scenario analysis was conducted to evaluate the use
of utility scores from a literature review as opposed to those
obtained through direct interviews. Because our hospital is a
tertiary hospital, participants may have more severe diseases
and multiple comorbidities. The utility results might be lower
than those from hospitals at other levels of health care and
might not fully represent the entire country. However, no
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Table 2 Cost and utility parameters used in the model

Cost* Mean SE References

Price of SGLT2i (per 3 months)

Dapagliflozin 10 mg/day 96.95 - Drug and Medical Supply Information Center (DMSIC)!7
Canagliflozin 100 mg/day 11537 -

Empagliflozin 10 mg/day 109.58 -

SGLT2i (average price) 10730 -

Cost of outpatient care (per 3 months)

Number of OPD visits 2.33 0.001 NHSO database

Cost per OPD visit (one time) 41.24 0.003

Cost of OPD visit per 3 months 9598 -

Cost of inpatient care (per 3 months)

Number of hospitalizations 0.51  0.004 NHSO database

Cost of hospitalization (one time) 543.58

Cost of hospitalization per 3 months 27476 -

Direct non-medical cost for outpatient care (per 3 months)*

Travel cost per time 5.08 0.33 Standard cost lists®?

Patient’s food per time 1.88  0.15

Caregiver’s productivity loss per time 3.39 1.01

Self-paid 2042 524 Interview patients or caregivers who had OPD visits
Equipment cost per patient 10274  31.68 at hospital during 1 October 2022 to 31 March 2023
Home renovation cost per patient 169.31 105.53 (n=23)

Informal care per 3 months per 0.28 caregiver 143.58 -

Other expense® 39.53 -

Total direct non-medical cost per 3 months (cycle 1) 383.17 -

Total direct non-medical cost per 3 months (age <70 years) 111.10 -

Total direct non-medical cost per 3 months (age >70 years)  372.76  —

Direct non-medical cost for inpatient care (per 3 months)*

Length of hospital stay (per time) 6.82 1.27 Interview patients or caregivers who were admitted to hos-
Number of caregivers per admission 1.09 021 pital during 1 October 2022 to 31 March 2023 (n = 31)
Patient’s travel cost per admission 596 1.64

Caregiver’s travel cost per admission 1295 -

Additional cost for patient’s food per day 0.52 0.52

Additional cost for caregiver’s food per day 1.94  0.65

Self-paid 51.85 2795

Productivity loss per person per admission 253.05 -

Informal care per 3 months 256.39 -

Other expense® 36.25 -

Total direct non-medical cost per 3 months 477.64

Utility Mean SE

Stable heart failure 0.64 0.08 Interview patients (n = 23)

Heart failure hospitalization 0.40 0.07 Interview patients (n = 31)

SE standard error, OPD outpatient department, SGLT2i sodium glucose cotransporter-2 inhibitor, NHSO National Health Security Office, THB

Thai Baht, US$ United States dollar

#Costs are presented in US$ with a conversion rate of 35.06 THB per US$

Other expenses, i.e., supplementary drug, medicine from drug store, cost of non-hospital treatment

previous utility scores were reported in Thailand; thus, we
applied utility scores from the literature review. The EQ-5D
questionnaire was used to measure the utility of T2D patients
with HF in the United States during the Translating Research
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Into Action for Diabetes (TIRAD) study, which reported a util-
ity (mean+SD) of 0.72 + 0.21 [27]. This was compared with
the utility obtained from our cohort (0.64 + 0.38). The utility
of patients with HFH was derived from a post-hoc analysis of
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the ASCEND-HF trial, which reported a utility (mean+SD) of
0.56 + 0.23 [28], compared with the direct interviews of par-
ticipants in our cohort, which reported a utility of 0.40 + 0.39
for HFH.

For the PSA, 1000 iterations of a second-order Monte Carlo
simulation were performed. Beta distribution was used for
parameters that ranged from O to 1, such as probabilities and
utilities. For cost parameters that had positive values, a gamma
distribution was employed. For RR parameters, a log-normal
distribution was applied. The discount rate varied from O to
6% based on Thailand’s HTA guidelines [16].

2.6 Budget Impact Analysis

Budget impact analysis (BIA) is conducted to forecast the
financial implications from the government’s perspective if
SGLT?2i are included in the NLEM for the treatment of T2D
patients with HF. This study assumes that upon inclusion in
the NLEM, all T2D-HF patients aged 60 years and above will
have access to the treatment.

2.7 Study Process

We organized two expert meetings to scope and verify the
results of our study. The committee included cardiologists,
endocrinologists, diabetologists, modeling experts, repre-
sentatives from pharmaceutical companies, and representatives
from governmental institutions in Thailand. The first meeting
was held to finalize the model, define the scope of the study,
and identify input parameter sources, while the second meeting
was conducted to assess and validate the preliminary results.
We incorporated all valuable comments from the experts to
refine and strengthen our study.

2.8 Compliance with Ethics Guidelines

This study retrospectively reviewed data from the NHSO data-

base to calculate transitional probability and direct medical
cost values. Direct non-medical cost and utility were prospec-
tively collected through interviews with patients or caregivers.
The study protocol was approved by the Institutional Review
Board of our hospital (MU-MOU CoA 628/2022 and MU-
MOU CoA 650/2023). Informed consent agreements were
obtained from all participants.

3 Results
3.1 Base-Case Analysis
The results of the CUA and health outcomes for treating

T2D-HF patients with SGLT2i in addition to the SoC versus
the SoC alone are shown in Table 3. The data demonstrate

that add-on SGLT?2i to the SoC results in a lifelong cost
of treatment ranging from US$8776-US$11,682, whereas
the SoC alone incurs a lifelong treatment cost of US$6082.
The health outcome analysis reveals that the life-years and
quality-adjusted life-years (QALYs) of patients receiving
SGLT2i in addition to the SoC (ranging from 6.00 to 7.82
years and 3.79 to 4.95 years, respectively) are higher than
those of patients receiving the SoC alone (5.92 years and
3.73 years, respectively), as shown in Table 3.

The ICER ranges from US$4632 to US$48,952 per
QALY gained. When comparing the ICER with a threshold
value of US$4564 per QALY gained [29], the addition of
SGLT?2i to the SoC is not a cost-effective option in the con-
text of Thailand from a societal perspective. Canagliflozin
combined with the SoC has the lowest ICER (US$4632 per
QALY gained) and approaches the Thai ICER threshold,
whereas empagliflozin has the highest ICER (US$48,952
per QALY gained) and is the least cost-effective option, as
seen in Table 3. An extended cost-effectiveness analysis is
presented in Appendix F.

3.2 Sensitivity Analysis
3.2.1 One-Way Sensitivity Analysis

Uncertainty results from the one-way sensitivity analysis
reveal that the factors having the greatest impact on changes
in the ICER are the efficacy in reducing mortality rates and
the utility for patients with HF, as shown in Fig. 2. The util-
ity data, derived from interviews with a small number of
patients, resulted in a wide SD and considerable uncertainty.
Similarly, the efficacy of the drugs in reducing mortality had
few events, contributing to the uncertainty.

3.2.2 Scenario Analysis

From the results of the one-way sensitivity analysis, it
is evident that utility data are one of the most influential
factors affecting the ICER; therefore, a scenario analysis
using utility data reported in other countries was applied.
Using the utility data from the literature review, increases
in QALY gains of 0.15, 0.29, 0.01, and 0.10, and ICERSs per
QALY of US$5122, US$3758, US$38,671, and US$6824
for dapagliflozin, canagliflozin, empagliflozin, and the
SGLT2i group, respectively, are tabulated in Appendix G.
Previous studies in Thailand have reported that dapagli-
flozin is the most commonly used SGLT?2i, accounting for
65.1% of prescriptions, followed by empagliflozin at 34.3%
and canagliflozin at 0.6% [14]. We integrated these usage
patterns into our weighted average analysis for the SGLT2i
group, resulting in an ICER of US$8064 per QALY.
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A. One-way sensitivity analysis of Dapagliflozin

RR in reducing ACM of dapaglifiozin

—— Utility of stable heart failure

[ L] Discount for outcome

m Discount for cost
[} Total DNM OPD per 3 months (< 70 year)
L} Total DNM OPD per 3 months (> 70 year)
] RR in reducing HFH of dapagliflozin
| Utility of heart failure hospitalization
| m Using low parameter value Total DNM IPD per 3 months
| W Hsing Iagh purasister yalo Total cost per admission per 3 months

-50% 0% 50% 100% 150% 200% 250% 300%

Percent change in ICER from baseline ICER of 6,430 USD/QALY

C. One-way sensitivity analysis of Empagliflozin
- — Utility of stable heart failure
[ ] Utility of heart failure hospitalization
) RR in reducing ACM of empagliflozin
n Discount for outcome
m RR in reducing HFH of empagliflozin
n Discount for cost
| Total DNM OPD per 3 months (< 70 year)
| Total DNM IPD per 3 months
8 Using low parameter value | Total DNM OPD per 3 months (> 70 year)
#Using high parameter value | Total cost per admission per 3 months
-250%  -200%  -150%  -100% -50% 0% 50% 100%

Percent change in ICER from baseline ICER of 48,952 USD/QALY

Fig.2 One-way sensitivity analysis of each treatment option. a Dapa-
gliflozin+SoC; b Canagliflozin+SoC; ¢ Empaglifiozin+SoC; d
Overall SGLT2i+SoC. ACM all-cause mortality, RR relative risk,
DNM direct non-medical cost, SoC standard of care, SGLT2i sodium-

3.2.3 Probabilistic Sensitivity Analysis

Results for the PSA are presented in Fig. 3 as cost-effective-
ness acceptability curves. These curves delineate the prob-
abilities associated with all treatment options across vari-
ous ceiling thresholds for cost-effectiveness. Benchmarked
against a ceiling threshold of US$4564 per QALY, canagli-
flozin in addition to SoC is the most cost-effective option.

B. One-way sensitivity analysis of Canagliflozin

RR in reducing ACM of canagliflozin

[} Utility of stable heart failure

[} Discount for outcome

[} Discount for cost

Total DNM OPD per 3 months (age > 70 year)
Total DNM OPD per 3 months (< 70 year)
RR in reducing HFH of canagliflozin

[ Using Mw permmer valos Total DNM IPD per 3 months

|
|
!
| Utility of heart failure hospitalization
|
@ Using high parameter value |

Total cost per admission per 3 months
-1200% -1000% -800% -600% -400% -200% 0%  200%
Percent change in ICER from baseline ICER of 4,632 USD/QALY
D. One-way sensitivity analysis of SGLT-2 inhibitor

- RR in reducing ACM of SGLT-2 inhibitor

_—— Utility of stable heart failure

L L] Discount for outcome

[ L] Discount for cost
[} Total DNM OPD per 3 months (< 70 year)
[] Total DNM OPD per 3 months (> 70 year)
] Utility of heart failure hospitalization
] RR in reducing HFH of SGLT-2 inhibitor
| Using low parameler valie Total DNM IPD per 3 months
| m Using high parameter value Total cost per admission per 3 months

-50% 0% 50% 100% 150% 200% 250%

Percent change in ICER from baseline ICER of 8,480 USD/QALY

glucose cotransporter-2 inhibitors, /CER incremental cost-effective-
ness ratio, USD US dollars, QALY quality-adjusted life-year, OPD
outpatient department, /PD inpatient department, HFH heart failure
hospitalization

Appendix H displays the incremental costs and incremental
QALYs from 1000 simulations as scatter plots.

3.3 Threshold Analysis

The threshold analysis, conducted to find drug prices that are
cost-effective for treating T2D-HF in Thailand at a threshold
value of US$4564 per QALY, reveals that dosages of cana-
gliflozin 100 mg, dapaglifiozin 10 mg, and empagliflozin

Fig.3 Probability that SGLT2i
for type 2 diabetes patients with

Willingness-to-pay threshold of
4,564 USD/QALY

heart failure will be cost-effec-
1.0

tive at various willingness-to-
pay levels per QALY. SGLT2i 0.9

- S0C DAPA+SoC
e CANA+SoC e=mmeEMPA+SoC
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10 mg would be cost-effective if their prices were reduced
by 2.3%, 38.2%, and 90.2%, respectively. To meet the Thai
willingness-to-pay threshold, the overall cost of the SGLT2i
group should be reduced by 55.6%.

3.4 Budget Impact Analysis

A deterministic model was used to analyze the budget
impact of each SGLT2i. With the prevalence of T2D in
Thailand at 9.5% [30] and the incidence of HF in T2D at
0.92% [31], the analysis revealed that the total budget for
treating T2D patients with HF using the SoC alone over
5 years is US$15.6 million (an average of US$3.1 million
per year). However, adding canagliflozin at cost-effective
prices to the SoC results in a 5-year budget of US$36.8 mil-
lion, which is US$21.2 million higher than SoC alone. For
dapagliflozin, the total 5-year budget is US$26.1 million,
US$10.5 million higher than SoC alone. The 5-year drug
costs alone for dapagliflozin, canagliflozin, and empaglifio-
zin are US$9.7, US$19.6, and US$1.7 million (an average of
US$1.9, US$3.9, and US$0.3 million per year), respectively,
at cost-effective prices. For treating other conditions, exclud-
ing drug costs, the costs for dapagliflozin and canagliflozin
are US$16.4 and US$17.2 million, which are US$0.8 and
US$1.6 million higher than SoC alone over 5 years. Con-
versely, the cost for treating other conditions, excluding drug
costs for empagliflozin, is US$15.3 million, which is US$0.2
million lower than SoC alone over 5 years.

3.5 Model Validation

The model underwent thorough validation to ensure accu-
racy and reliability. Internal check included logical consist-
ency and parameter verification against primary sources
such as the NHSO database. External validation involved
comparing the cumulative all-cause death rate of patients
in the model population who received the SoC alone with
the survival rates of patients with HF in the Thai population
reported previously [3]. In the prior study, the average age
of patients was 64.9 + 14.8 years and 31.5% of the patients
had diabetes. Comparing the two datasets reveals that the
survival rate of patients in the model is analogous to the
survival rate of Thai HF patients in the general population,
as shown in Appendix 1. Expert meeting also refined the
model structure and parameters, incorporating feedback for
robustness.

4 Discussion
Despite advancements in medical treatments for HF over

the past decade, T2D-HF continues to be associated with a
significant clinical and economic burden. SGLT2i not only
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reduce blood glucose but also reduce HFH and CV death,
as demonstrated in several recent clinical studies [21, 32,
33]. This study aims to evaluate the cost-utility of adding
SGLT2i, which are not yet included in the NLEM, to the
SoC for treating T2D patients with HF. Other resource-
limited countries where this group of drugs is not yet reim-
bursed and providing similar SoC can similarly conduct
cost-effectiveness studies using their national claims data-
bases to accurately represent disease progression and reim-
bursement specific to their context. This study could also
help in constructing models suitable for data acquisition in
various countries.

Our findings show that canagliflozin, dapagliflozin,
empagliflozin, or SGLT2i in general added to the SoC were
not cost-effective for T2D-HF patients in the Thai con-
text. However, reducing the price of canagliflozin, dapa-
gliflozin, empagliflozin, and the overall SGLT2i group by
2.3%, 38.2%, 90.2%, and 55.6%, respectively, would make
them cost-effective within the national ceiling threshold of
US$4564 per QALY gained from a societal perspective.

While previous economic evaluation studies of SGLT2i
mainly focused on the effects of a single drug compared with
the SoC, our study compares all available SGLT2i in Thai-
land, thereby providing comprehensive support to policy-
makers as they consider the feasibility of adding these agents
to the Thai NLEM for T2D-HF patients. Earlier studies had
suggested that dapagliflozin [34—36] and empagliflozin [36,
37] were cost-effective, but those results are inconsistent
with our findings. This discrepancy can be attributed to vari-
ous factors. First, our study was conducted from a societal
perspective, whereas previous studies [34—37] were con-
ducted from a governmental perspective in which the direct
non-medical costs were not included. Second, the clinical
efficacy and cohort population used in the prior studies were
solely based on the DAPA-HF [19] or EMPEROR-Reduced
[21] results. In contrast, our study simultaneously com-
pared three SGLT2i and carried out an SRNMA to evaluate
the efficacy of individual and overall SGLT2i in T2D-HF
patients. As a result, the efficacy of the SGLT2i applied in
this model differs from the earlier study. Third, the previous
studies [34, 35, 37] exclusively focused on patients with HF
with reduced LVEF values. The condition of such patients
is often more severe, frequently leading to HFH and incur-
ring significant treatment costs. However, in low- to middle-
income countries (LMICs), obtaining timely information on
LVEEF values is not always feasible because echocardiograms
may not be indicated for all patients. Moreover, a recent
SRMA revealed that SGLT2i significantly reduce the risk
of HFH in HF patients with reduced, mildly reduced, or
preserved ejection fraction (EF) values [38]. Consequently,
prescribing SGLT2i across all LVEF values may promote the
broader utilization of these agents and result in a reduction
of the HFH costs in clinical practice.
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Our results also differ from a previous cost-utility study
conducted in Thailand, which found that providing dapa-
gliflozin to HF patients, both with and without diabetes, is
cost-effective (ICER US$1771 per QALY gained) from a
healthcare system perspective [35]. However, the transitional
probabilities for HFH, CV mortality, and NYHA transition,
as well as the cohort population, clinical efficacy, and utility
values applied in the aforementioned analysis, were mainly
derived from the literature and based on studies conducted in
other countries, which may differ from the T2D-HF patient
population in Thailand.

Canagliflozin manifests the lowest ICER according to
our analysis. However, the treatment efficacy of canagliflo-
zin primarily relies on a post-hoc analysis of the CANVAS
program, where only 14.4% of the diabetic participants had
a prior history of HF [39]. In contrast, clinical studies of
empagliflozin [20, 21, 40] and dapagliflozin [18, 32, 41]
recruited a substantial number of diabetic subjects who had
already experienced HF, focusing specifically on HF-related
outcomes. Consequently, despite our findings indicating that
canagliflozin demonstrates superior treatment efficacy with
the lowest ICER, additional studies investigating the efficacy
of this medication are warranted.

Although the sample sizes for utility data in our study are
small, the demographics and characteristics of our patients
align closely with the broader population of Thai individu-
als with T2D-HF [3]. This suggests that our samples are
representative of typical patients with multiple comorbidi-
ties; however, the small sample sizes may introduce bias and
limit the generalizability of our findings. To mitigate these
potential biases, we conducted a scenario analysis utiliz-
ing utility data from other countries [27, 28]. This analysis
serves to validate our results and assess their robustness.
It is important to consider the implications of this limita-
tion when interpreting our findings for policy and clinical
practice.

While our study focuses on the Thai context, the clini-
cal and economic challenges in managing T2D with HF are
common across many LMICs. These countries often share
similar healthcare infrastructure limitations, financial con-
straints, high prevalence of diabetes and CV diseases, and
barriers to accessing new and effective treatments. There-
fore, our findings on the cost-utility and budget impact
of adding SGLT?2i to the SoC can offer valuable insights
applicable to other LMICs facing comparable challenges.
Potential solutions include developing policies that prioritize
cost-effective treatments and incorporating them into NLEM
to improve access, engaging in regional collaborations to
share data and strategies, and conducting local cost-utility
analyses to provide tailored insights crucial for informed
decision making and effective resource allocation, as indi-
cated by our study.

Our study possesses a number of strengths. First, this
study is the first CUA in Thailand that simultaneously com-
pares all available SGLT2i (dapagliflozin, canagliflozin, and
empagliflozin). The results of this study will assist policy-
makers when they must choose only one drug for inclusion
in the Thai NLEM. Second, transitional probability and
direct medical costs were derived from the Thai NHSO
database, which is the largest universal coverage provider in
Thailand [12]. An 8-year period encompassing 991,529 out-
patient and 157,002 inpatient T2D-HF patients was used to
calculate transitional probabilities and direct medical costs.
Use of this extensive dataset resulted in low variability in the
uncertainty analysis. Moreover, data on direct non-medical
costs and utility were prospectively and directly collected
through structured interviews at hospital. Thus, most of the
input parameters applied in our model strongly represent
Thailand’s context from a societal perspective. Third, model
validation showed analogous results between the mortality
rate of the model cohort and the external observed data from
previously published studies on HF in the Thai population
[3], confirming that our economic model is correctly speci-
fied and valid.

However, the present study also has some limitations.
First, because of a lack of RCTs conducted in a Thai popu-
lation, we could not use clinical efficacy data specific to Thai
T2D-HF patients. Instead, clinical efficacy data were pooled
from an SRMA and utilized. Second, this study assumes
that the costs and benefits of patients in each health state
are equal, despite potential variations among patients within
different NYHA functional classes who may have distinct
cost and benefit profiles. However, the research team con-
ducted a thorough search for data and found no informa-
tion on changes in NYHA classification specific to the Thai
population. Therefore, changes in NYHA classifications
were not incorporated into the model. Third, the utility data
in this study were obtained solely from one tertiary hospi-
tal, where patient conditions tend to be more severe with
multiple comorbidities. This may not fully represent the
entire national population. To address this shortcoming, we
conducted a scenario analysis using utility data from other
countries. Fourth, the direct non-medical cost was similarly
obtained from one university hospital. Thus, we applied a
standard Thai HTA cost list to account for travel expenses,
food, and caregiver’s productivity loss that would represent
the entire country. Fifth, the clinical efficacy of canagliflo-
zin is mainly derived from a single CV outcome trial with
a small sample size. Further studies investigating the CV
benefits of canagliflozin in T2D-HF patients are necessary
to confidently benchmark its clinical efficacy. Sixth, we
excluded the potential adverse effects of SGLT2i from our
analysis. Even though the incidence of these adverse effects
is low, not accounting for them could result in an overestima-
tion of the cost-effectiveness of SGLT2i.
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5 Conclusions

Adding SGLT2i to standard treatment reduced hospitali-
zation rates and mortality, and improved QALY in Thai
individuals with T2D who experienced HF. However, none
of the available SGLT2i in Thailand would be cost-effective
at their current prices. Reducing the prices of canagliflozin
100 mg, dapagliflozin 10 mg, empagliflozin 10 mg, and the
overall (low dose) SGLT2i group by 2.3%, 38.2%, 90.2%,
and 55.6%, respectively, would make them cost-effective
within a national ceiling threshold of US$4564 per QALY
gained from a societal perspective. Thai policymakers
should both negotiate price reductions for SGLT2i to ensure
their affordability through Thailand’s public healthcare
insurance and consider adding one of these agents to the
Thai NLEM.
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