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Objective: Sodium-glucose cotransporter-2 (SGLT2) inhibitors showed time-
varying effects in heart failure and reduced ejection fraction (HFrEF), but
corresponding cost-effectiveness in different timeframes remained poorly
understood. This study estimated the time-varying cost-effectiveness of
SGLT2 inhibitors in HFrEF from the perspective of the Chinese healthcare system.

Methods: Based on real-world individual patient data, a 2-year microsimulation
model was constructed to evaluate the cost-effectiveness of adding
SGLT2 inhibitors to standard therapy compared with standard therapy alone
among patients with HFrEF. A published prediction model informed transition
probabilities for all-cause death and hospitalization for heart failure. The time-
varying effects of SGLT2 inhibitors, medical costs, and utility values were derived
from the published literature. Scenario analyses in different timeframes were
conducted to assess the trend of cost-effectiveness over time.

Results: Compared with standard therapy alone, SGLT2 inhibitors plus standard
therapy were found cost-effective at a willingness-to-pay (WTP) threshold of
$12,741 per quality-adjusted life year (QALY) gained in 2 years. The incremental
cost-effectiveness ratio (ICER) decreased from $12,346.07/QALY at 0.5 years to
$9,355.66/QALY at 2 years. One-direction sensitivity analysis demonstrated that
the cost-effectiveness of SGLT2 inhibitors was most sensitive to the cost of
SGLT2 inhibitors, the cost of hospitalization for heart failure, the cost of standard
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therapy for heart failure, and the baseline risks of all-cause death and hospitalization
for heart failure. Probabilistic sensitivity analysis proved the robustness of
the results.

Conclusion: Adding SGLT2 inhibitors to standard therapy was found to be cost-
effective in Chinese patients with HFrEF. Longer treatment appeared to be more
economically favorable, but further explorations are warranted.

KEYWORDS

cost-effectiveness, heart failure, microsimulation, sodium-glucose cotransporter-
2 inhibitors, time-varying

1 Introduction

Heart failure is a heterogeneous, progressive clinical syndrome
that affects 64 million people worldwide and costs $108 billion
annually (GBD, 2017 Disease and Injury Incidence and Prevalence
Collaborators, 2018; Cook et al., 2014). The 5-year survival rate for
chronic heart failure ranged from 51.5% to 63% (Jones et al., 2017).
Approximately 13.7 million adults aged ≥35 years experience heart
failure in China, and the total medical cost for heart failure in
2012 was $5.4 billion (Cook et al., 2014; Hao et al., 2019). Despite
several advances in heart failure treatment in recent years, heart
failure remains a major health concern in China because of the
increasing prevalence and suboptimal management (National
Center for Medical Care Quality Control of Cardiovascular
Diseases, 2023). People with heart failure experience considerable
residual risks for cardiovascular events and resulting death, with
recurrent hospitalizations for worsening heart failure being the
leading contributor to impaired quality of life and economic
burden. Furthermore, 31.9% of patients hospitalized due to heart
failure and reduced ejection fraction (HFrEF) died within 3 years
after discharge (Wang et al., 2024).

Sodium-glucose cotransporter-2 (SGLT2) inhibitors proved
efficacious for people with heart failure regardless of the presence
of type 2 diabetes (Zou et al., 2024; Zou et al., 2022). According to
the recommendations of the 2023 Focused Update of the
2021 European Society of Cardiology Guidelines for the
diagnosis and treatment of acute and chronic heart failure,
patients with chronic heart failure should receive
SGLT2 inhibitors to reduce hospitalization for heart failure or
cardiovascular death (McDonagh et al., 2023).

Previous experience revealed an unsatisfactory delay before
patients with heart failure achieved guideline-directed medical
therapy (GDMT) (Greene et al., 2018). In the US, only one in five
eligible patients with HFrEF received SGLT2 inhibitors at
discharge (Pierce et al., 2023). The usage rate of
SGLT2 inhibitors in Chinese patients with HFrEF has
gradually increased to 64.4% in 2023 but remains suboptimal
according to the recommended guidelines (Zhang et al., 2024). As
SGLT2 inhibitors receive the top recommendation for heart
failure, understanding the region-specific cost-effectiveness of
the agent is crucial in translating research findings into clinical
practice. Previous cost-effectiveness analyses based on cohort-
based Markov models demonstrated that adding
SGLT2 inhibitors to standard therapy was cost-effective in
people with HFrEF from the perspective of the Chinese
healthcare system (Yao et al., 2020; Jiang et al., 2022; Lin

et al., 2022; Sang et al., 2022; Tang and Sang, 2022). The
adjunct use of SGLT2 inhibitors to standard therapy for
HFrEF yielded an incremental cost-effectiveness ratio (ICER)
ranging from $1,893.59 to $6,946.69 per quality-adjusted life year
(QALY) gained. However, Markov models could not capture the
heterogeneity across different individuals and the legacy of events
after baseline (Rutter et al., 2011). Since the relative effects of
SGLT2 inhibitors in preventing hospitalization due to heart
failure vary over time, the cost-effectiveness estimates from
Markov models may hardly show the reality (Zou et al., 2024).
Notably, the cost-effectiveness of SGLT2 inhibitors in patients
with heart failure needs to be reassessed with up-to-
date evidence.

Using a real-world population with HFrEF and considering
individual characteristics, this microsimulation study reassessed
the time-specific cost-effectiveness of adding SGLT2 inhibitors to
standard therapy in Chinese patients with HFrEF.

2 Materials and methods

From the perspective of the Chinese healthcare system, the
conduction and reporting of this study followed the Consolidated
Health Economic Evaluation Reporting Standards 2022 (CHEERS
2022) statement (Husereau et al., 2022).

2.1 Model population

The inpatient electronic medical records (EMRs) of a general
tertiary care hospital in southwestern China were screened, and the
eligible patients with HFrEF discharged between 1 January 2011 and
30 September 2018 were retrospectively recruited. HFrEF was
identified by documented echocardiographic evidence of a left
ventricular ejection fraction (LVEF) ≤40%. Complete data of
major prognostic factors, diagnoses at discharge, and
prescriptions were required to define the initial health state and
predict clinical prognosis (as detailed in Supplementary Appendix
SA1). Among 1,256,014 inpatients, 4,227 met the eligibility criteria
(Table 1; Supplementary Appendix SA2). Our previous study
described the characteristics of the study population (Zhou
et al., 2021).

We collected patient-level demographic information at
admission, final values of vital signs, laboratory test results, left
ventricular ejection fraction (LVEF), and prescription records
during the hospital stay as baseline characteristics of the model
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population. Obtention of prior patient consent was waived because
data collection was based on the EMR system retrospectively.

2.2 Model overview

We constructed a state-transition microsimulation model to
estimate the time-varying clinical impact and cost-effectiveness of
adding SGLT2 inhibitors to standard therapy compared with
standard therapy alone in people with HFrEF (Figure 1). The
time horizon of the model was 2 years, with 6 months as a cycle.
The longer time horizon was beyond the scope of the proposed
model because of the lack of long-term evidence. A well-established
and validated risk predictor facilitated some individual-level risk
estimates for all-cause death and hospitalization for heart failure
(Voors et al., 2017). The efficacy of SGLT2 inhibitors, utility values,
and medical expenditures were derived from meta-analysis, cohort
studies, and publicly available Chinese sources. We assumed input
parameters extracted from the non-Chinese population were
consistent with those of the Chinese population and evaluated
their impact in the sensitivity analyses. The establishment of the
model drew inspiration from the microsimulation tutorial by the
Decision Analysis in R for Technologies in Health (DARTH)
workgroup, and it was built in R version 4.0.2 (Krijkamp et al., 2018).

2.3 Treatment strategies

The clinical courses of the model population under two treatment
strategies were simulated (Figure 1). The two strategies are as follows: 1)
adding SGLT2 inhibitors approved for heart failure in China
(i.e., dapagliflozin and empagliflozin) to standard therapy; 2)
standard therapy alone. Standard therapy here referred to usual care
for HFrEF without SGLT2 inhibitors, which consisted of GDMTs for
HFrEF (or, angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, mineralocorticoid receptor antagonists, and beta
blockers), other drugs, surgical procedures, and diagnostics (Huang
et al., 2017).

2.4 Clinical events

Clinical events in the proposed model included major events (all-
cause death and hospitalization for heart failure) and adverse events
(genital infection) (Figure 1). Six independent health states within four
cycles were established based on the occurrence of all-cause death and
the number of hospitalizations for heart failure: 1) stable heart failure; 2)
first hospitalization for heart failure; 3) second hospitalization for heart
failure; 4) third hospitalization for heart failure; 5) fourth hospitalization
for heart failure; 6) death. The initial state of themodel population was a
stable heart failure state. The transition probabilities between health
states within each cycle were determined by predicted prognostic risk
under standard therapy alone and the efficacy of SGLT2 inhibitors. To
mitigate the population diversity during the implementation of the risk
calculator in a different population, the prediction model was calibrated

TABLE 1 Continuous variables below were described with median (IQR).

Overall (n = 4,277)

Age, median (IQR), years 63 (52, 72)

Female, No. (%) 1,132 (26.8)

Heart rate, median (IQR), beats/minutea 76 (70, 84)

SBP, median (IQR), mm Hg 120 (108, 131)

DBP, median (IQR), mm Hga 68 (60, 77)

Alcohol use, No. (%) 1,652 (39.1)

Smoking, No. (%)

No 2,205 (52.2)

Current 764 (18.0)

Past 1,258 (29.8)

Peripheral edema, No. (%) 613 (14.5)

LVEF, median (IQR), % 33 (28, 37)

Distribution, No. (%)

30%–40% 2,864 (67.8)

20%–29% 1,219 (28.8)

≤19% 144 (3.4)

NYHA classification, No. (%)

I 690 (16.3)

II 740 (17.5)

III 1,792 (42.4)

IV 1,005 (23.8)

eGFR, median (IQR), mL/min/1.73 m2 79.90 (62.64, 95.50)

BUN, median (IQR), mmol/L 7.00 (5.40, 9.00)

Hemoglobin, median (IQR), g/L 132 (116, 146)

NT-proBNP, median (IQR), pg/mL 16,449 (1,976, 35,000)

HbA1c, median (IQR), %a 5.29 (4.72, 6.27)

Medical history, No. (%)

Diabetes mellitus 942 (22.3)

Chronic obstructive pulmonary disease 723 (17.1)

Hypertension 1,541 (36.5)

Acute myocardial infarction 625 (14.8)

Ischemic heart disease 1,954 (46.2)

Rheumatic heart disease 391 (9.3)

Cardiomyopathy 1,224 (29.0)

Arrhythmia 1,677 (39.7)

Medical treatment, No. (%)

Diureticsb 2,911 (68.9)

Beta-blockers 2,965 (70.1)

RAAS inhibitors 1,596 (37.8)

Statins 779 (18.4)

aHeart rate, diastolic blood pressure, and glycated hemoglobin were available in 4,035,

4,217, and 4,178 patients, respectively.
bDiuretics included loop diuretics and spironolactone.

Abbreviations: BUN: blood urea nitrogen; DBP: diastolic blood pressure; eGFR: estimated

glomerular rate filtration; HbA1c: glycated hemoglobin; LVEF: left ventricular ejection

fraction; NT-proBNP: N-terminal pro-B-type natriuretic peptide; NYHA: New York heart

association; RAAS: renin–angiotensin-aldosterone system; SBP: systolic blood pressure.
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using a Chinese cohort of heart failure (Huang et al., 2021). Because
hospitalization for heart failure in the past year was a predictor of the
risk of hospitalization for heart failure but not all-cause death (Voors
et al., 2017), we assumed the risk of hospitalization for heart failure in
later cycles varied according to the number of hospitalizations for heart
failure in preceding cycles, and the risk of all-cause death was not
impacted by previous hospitalizations. This microsimulation
considered only genital infection due to scarcity of other safety
issues. We extracted the incidence rates of genital infection from a
UK cohort study and converted these rates to cycle-length transition
probabilities (Hirji et al., 2012). The transition probabilities of genital
infection varied depending on sex and diabetes status and involved the
legacy of previous genital infections on future ones. Once the patient
died, the simulation terminated subsequently.More details are provided
in Supplementary Appendix SA1 in the Supplementary Material.

2.5 Efficacy of SGLT2 inhibitors

The health effects of SGLT2 inhibitors were modeled by applying
the time-varying relative effects of SGLT2 inhibitors from a meta-
analysis to the risks under standard therapy alone (Zou et al., 2024). As
the benefit of SGLT2 inhibitors on death may be diluted by non-
cardiovascular death, the risk ratios of cardiovascular death were
determined to estimate the impact on all-cause death. The time-
varying risk ratios of all-cause death were 0.87 (95% confidence
interval [CI], 0.78–0.96) in the first cycle, 0.88 (95% CI, 0.78–0.98)
in the second cycle, 0.89 (95% CI, 0.82–0.96) in the third cycle, and 0.89
(95% CI, 0.82–0.96) in the fourth cycle. SGLT2 inhibitors reduced
hospitalization for heart failure by 39% (95% CI, 44%–34%) in the first
cycle, 33% (95%CI, 35%–30%) in the second cycle, 28% (95%CI, 31%–
26%) in the third cycle, and 25% (95% CI, 29%–21%) in the fourth

FIGURE 1
Themicrosimulationmodel. Notes: (A) shows the overview of themodel. M indicates themicrosimulation process within a cycle. The yellow triangle
indicates that the simulation terminates once the patient dies; (B) shows the possible state transition of the model in 2 years. Abbreviations: D, death; H1:
first hospitalization for heart failure; H2: second hospitalization for heart failure; H3: third hospitalization for heart failure; H4: fourth hospitalization for
heart failure; HFrEF: heart failure and reduced ejection fraction; S: stable heart failure state; SGLT2: sodium-glucose cotransporter-2.
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TABLE 2 Model input parameters.

Mean value Standard error Distribution

Transition probabilities per cycle

Regression coefficients of predictive variables for all-cause deatha,
(Voors et al., 2017)

Normal

Age, years 0.020 0.005

Hemoglobin, g/dL −0.117 0.023

Log-BUN, mmol/L 0.419 0.062

Log-NT-proBNP, ng/L 0.336 0.044

Beta-blocker use at baseline −0.274 0.087

Regression coefficients of predictive variables for hospitalization for
heart failurea, (Voors et al., 2017)

Normal

Age, years 0.010 0.005

SBP, mm Hg −0.010 0.000

Peripheral edema 0.432 0.082

eGFR, mL/min/1.73 m2 0.548 0.084

Hospitalization for heart failure in last year −0.010 0.000

Probabilities per cycle for genital infectionb, (Hirji et al., 2012) Log-normal

Men without diabetes and history of genital infection 0.001 0.086

Women without diabetes and history of genital infection 0.005 0.040

Men with diabetes without history of genital infection 0.004 NA

Women with diabetes without history of genital infection 0.009 NA

Men with history of genital infection without diabetes 0.078 NA

Women with history of genital infection without diabetes 0.091 NA

Men with diabetes and history of genital infection 0.040 NA

Women with diabetes and history of genital infection 0.065 NA

Effect of SGLT2 inhibitors, risk ratioc(Zou et al., 2024) Log-normal

All-cause death

First cycle 0.87 0.053

Second cycle 0.88 0.058

Third cycle 0.89 0.040

Fourth cycle 0.89 0.040

Hospitalization for heart failure

First cycle 0.61 0.042

Second cycle 0.67 0.019

Third cycle 0.72 0.018

Fourth cycle 0.75 0.027

Genital infection 2.23 0.191

Utilities of health states Normal

Heart failure (Göhler et al., 2009)

NYHA class Ⅰ 0.855 0.005

NYHA class Ⅱ 0.771 0.005

NYHA class Ⅲ 0.673 0.006

NYHA class Ⅳ 0.532 0.027

Disutilities per event Normal

Hospitalization for heart failure (Göhler et al., 2009)

1 rehospitalization −0.024 0.007

2 rehospitalizations −0.031 0.009

≥3 rehospitalizations −0.055 0.001

Genital infection (Barry et al., 1997) −0.003 0.001

(Continued on following page)
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cycle. The relative effect of SGLT2 inhibitors on genital infection
remained unchanged over time (risk ratio 2.23, 95% CI 1.53 to
3.24, Table 2).

2.6 Costs and quality-adjusted life years

Data on direct medical costs for SGLT2 inhibitors, standard
therapy, hospitalization for heart failure, and genital infection were
taken from published literature and clinical experience in the present
study (Table 2) (Huang et al., 2017; Sichuan Pharmaceutical Equipment
Bidding and Purchasing Service Center, 2024; National Health
Commission of the People’s Republic of China, 2022). All costs
were adjusted to 2022 inflation levels according to the Consumer
Price Index (CPI) for medical services and converted to US dollars
at the 2022 annual average exchange rate of 1$ = 6.7261 CNY (National
Bureau of Statistics of China, 2023; China Foreign Exchange Trade
System, 2024).

We measured health outcomes under two treatment strategies
with QALYs. The calculation of QALYs assigned different utility
values to specific health states and incorporated the time spent in
those states. The baseline utility values of patients under different
New York Heart Association (NYHA) classifications and event-
specific disutility values were obtained from the extant published
literature (Göhler et al., 2009; Barry et al., 1997). The model
population experiencing hospitalization for heart failure or
genital infection demonstrated a short-term decrease in health
utility (as detailed in Supplementary Appendix SA1).

2.7 Statistical analysis

2.7.1 Base case analysis
The base case analysis estimated overall all-cause deaths, total

events of hospitalizations for heart failure, average life years per
person, average cost per person, and average QALYs per person in
2 years under two treatment strategies separately. The primary
outcome of the microsimulation model was the ICER of adding

SGLT2 inhibitors to standard therapy versus standard therapy alone.
Considering statistical uncertainty in a single simulation, the
simulations were reiterated 10,000 times, and the distribution of
results was visualized with a scatter plot. The average ICER when
SGLT2 inhibitors were found to be more effective was determined.
We applied an annual discount rate of 3% to QALYs and costs and
tested a range of 0%–8% in sensitivity analysis. One to three times
the Gross Domestic Product (GDP) per capita in China in 2022
($12,741) was set as the willingness-to-pay (WTP) threshold
according to the recommendations of China Guidelines for
Pharmacoeconomic Evaluations 2020 (Chinese Pharmaceutical
Association, 2020). SGLT2 inhibitors were considered cost-
effective if the ICER was less than three times the GDP per
capita and highly cost-effective when less than the GDP per
capita. We plotted the cost-effectiveness acceptability curve based
on the results of probabilistic sensitivity analysis and revised the
manuscript accordingly.

2.7.2 Scenario and subgroup analyses
To examine the trend of cost-effectiveness over time, we

simulated the patient trajectories under two treatment strategies
in 0.5, 1, and 1.5 years. Subgroup analyses were conducted by
dividing the model population based on age, sex, diabetes, and
chronic kidney disease.

2.7.3 Sensitivity analyses
Uncertainty in model inputs was minimized through one-

direction and probabilistic sensitivity analyses. In one-direction
sensitivity analysis, the impact of model inputs on ICER was
assessed by varying a chosen parameter within a specific range
while keeping all other parameters constant. The risk ratio
parameters varied within ±20% of the original value; the utility
values varied within ±10% of the original value, and the transition
probabilities and costs varied from 1/3 to 3 times the original value.
To perform probabilistic sensitivity analysis, we ran the
microsimulation model 10,000 times using Monte Carlo
simulation, with multiple parameters randomly sampled
according to corresponding probability distribution

TABLE 2 (Continued) Model input parameters.

Mean value Standard error Distribution

Costs ($)d NA

Cost of standard HF therapy per cycle (Huang et al., 2017) 2,656.21 NA

Cost of SGLT2 inhibitors per cycle (Sichuan Pharmaceutical
Equipment Bidding and Purchasing Service Center, 2024)

116.67 NA

Cost of hospitalization for HF per event (National Health
Commission of the People’s Republic of China, 2022)

13,94.86 NA

Cost of genital infection per evente 49.31 NA

Discount rate for QALYs and costs 3% NA NA

aTransition probabilities for all-cause death and hospitalization for heart failure for patients under standard therapy alone in the first cycle were predicted by the BIOSTAT-CHF prediction

model based on individual baseline characteristics. The mean values of regression coefficients and corresponding standard errors for predictive variables were converted from reported hazard

ratios and 95% confidence intervals. More details are provided in Supplementary Appendix SA1.
bWe derived the transition probabilities for genital infection per cycle from a UK cohort study. More details are provided in Supplementary Appendix SA1.
cThe relative effects of SGLT2 inhibitors were derived from the meta-analysis. We used time-varying risk ratios for all-cause death and hospitalization for heart failure, time-invariant risk ratio

for genital infection.
dAll costs were expressed in US dollars ($), inflation-adjusted to 2022 according to the Consumer Price Index for medical service (as detailed in Supplementary Appendix SA1).
eWe derived the cost of genital infection per event based on clinical experience.

Abbreviations: BUN: blood urea nitrogen; eGFR: estimated glomerular rate filtration; HF: heart failure; HFrEF: heart failure and reduced ejection fraction; NA: not applicable; NT-proBNP:

N-terminal pro-B-type natriuretic peptide; NYHA: new york heart association; QALY: quality-adjusted life year; SBP: systolic blood pressure; SGLT2: sodium-glucose cotransporter-2.

Frontiers in Pharmacology frontiersin.org06

Zou et al. 10.3389/fphar.2025.1527972

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1527972


simultaneously each time (Table 2). Based on results of probabilistic
sensitivity analysis, we plotted the cost-effectiveness acceptability
curve (CEAC) to address the uncertainty of WTP threshold (as
detailed in Supplementary Appendix SA1).

3 Results

3.1 Model population

The current simulation study included 4,227 patients with
HFrEF who were discharged between 1 January 2011 and
30 September 2018. The model population showed a median age
of 63 [interquartile range (IQR), 52 to 72] years old; 1,132 (26.8%)
were women, 942 (22.3%) had diabetes, and 2,797 (66.2%) were in
NYHA class III to IV. The mean and median of LVEF were 31.9%
(standard deviation [SD], 6.25) and 33% (IQR, 28–37), respectively
(Table 1). The median predicted risks for all-cause death and
hospitalization for heart failure under standard therapy alone in
the first 6 months were 9.2% (IQR, 5.2%–15.4%) and 15.9% (IQR,
12.6%–20.1%), respectively (Supplementary Appendix SA3), which
corroborated findings of earlier epidemiological studies (Huang
et al., 2021; Lawson et al., 2019). When adding SGLT2 inhibitors,
the risks were reduced to 8% (IQR, 4.5%–13.4%) for all-cause death
and 9.7% (IQR, 7.7%–12.3%) for hospitalization for heart failure in
the first cycle.

3.2 Base case analysis

During the 2-year simulation, giving SGLT2 inhibitors and
standard treatment resulted in 1,336 (31.6%) deaths and 1,877 re-
hospitalizations; it implied 32 fewer deaths and 228 fewer
hospitalizations compared to the treatment without using
SGLT2 inhibitors (Table 3). Patients had, on average, 1.578 life
years and 1.047 QALYs when adding SGLT2 inhibitors to standard
therapy, 1.528 life years, and 1.014 QALYs when receiving
standard therapy alone. The average cost per person was
$9,045.42 with SGLT2 inhibitors plus standard therapy and
$8,744.69 with standard therapy alone, thereby yielding an
average ICER of $9,355.66 per QALY gained, which was
considered highly cost-effective. Adding SGLT2 inhibitors was
found cost-effective for 99.94% of the simulations and highly cost-
effective for 99.19% (Supplementary Appendix SA4). We plotted
the cost-effectiveness acceptability curve based on the results of
probabilistic sensitivity analysis and revised the manuscript
accordingly.

3.3 Time-varying cost-
effectiveness analyses

Table 3 summarizes the simulations in different timeframes.
With the extension of treatment, the average ICER decreased from
$12,346.07 per QALY gained at 0.5 years to $9,355.66 per QALY
gained at 2 years. Distributions of results were visualized with scatter
plots (Supplementary Appendix SA5). As treatment continued,
more simulated results were in the area where SGLT2 inhibitors

plus standard therapy was more effective (98.63% at 0.5 years,
99.79% at 1 year, 99.94% at 1.5 years, and 99.96% at 2 years),
cost-effective (97.93% at 0.5 years, 99.70% at 1 year, 99.92% at
1.5 years, and 99.94% at 2 years), and highly cost-effective (77.37% at
0.5 years, 96.76% at 1 year, 98.48% at 1.5 years, and 99.19%
at 2 years).

3.4 Subgroup analyses

We separated the study population into following subgroups
based on different baseline characteristics: 1) 1,132 women and
3,095 men; 2) 2,238 patients ≥63 years of age (the median age of
study population) and 1,989 patients <63 years old; 3) 942 patients
with diabetes and 3,285 patients without diabetes; 4) 3,289 patients
with an eGFR ≥60 mL/min/1.73 m2 and 938 patients with an
eGFR <60 mL/min/1.73 m2 (Supplementary Appendix SA6).
Subgroup simulations yielded an average ICER less than three
times the GDP per capita in the female subgroup and subgroup
with declined kidney function (eGFR <60 mL/min/1.73 m2), an
average ICER less than the GDP per capita in other subgroups. The
results confirmed the cost-effectiveness of adding SGLT2 inhibitors
across heterogeneous populations (Supplementary
Appendices SA7, SA8).

3.5 Sensitivity analyses

The one-direction sensitivity analysis indicated that the ICER
was highly influenced by the cost of SGLT2 inhibitors, the cost of
hospitalization for heart failure, the cost of standard therapy, and the
baseline risks of all-cause death and hospitalization for heart failure
(Figure 2). When switching the cost of SGLT2 inhibitors from one-
third of its base value to three folds, the ICER ranged from $
970.7 per QALY gained to $ 33,893.6 per QALY gained, which
remains less than the WTP threshold of three times GDP per capita.
When the cost of hospitalization for heart failure trebled, the ICER
of adding SGLT2 inhibitors was –$12,112.7 per QALY gained,
indicating dominant cost-effectiveness. For patients at higher
baseline risks of adverse events, SGLT2 inhibitors showed more
pronounced cost-effectiveness. The cost-effectiveness showed
robustness when changing other parameters (Supplementary
Appendix SA9). Among 10,000 iterations, adding
SGLT2 inhibitors was more effective in 99.80% of simulations,
cost-effective in 99.67% of simulations, and highly cost-effective
in 94.71% of simulations (Figure 3). The CEAC demonstrated
visually that, compared with standard therapy alone, SGLT2
inhibitors plus standard therapy were not cost-effective when the
WTP threshold was less than around $7,500; of similar cost-
effectiveness when the WTP threshold was around $10,000;
highly cost-effective when the WTP threshold was around
$15,000 or higher (Supplementary Appendix SA10).

4 Discussion

By constructing a microsimulation model with real-world
patient-level data, the current study demonstrated that
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TABLE 3 Results of base case analysis and scenario analysis in different time horizons.

Overall
all-cause
deaths

Overall
hospitalizations for
heart failure

Average life
years per
person

Incremental life
years per person

Average
cost per
person ($)

Incremental
cost per
person ($)

Average
QALYs per
person

Incremental
QALYs per
person

Average
ICER,
$/QALY

Base case analysis (2-year time horizon)

SGLT2 inhibitors plus
standard therapy

1,336 1,877 1.578 0.049 9,045.42 300.74 1.047 0.033 9,355.66

Standard therapy
alone

1,471 2,840 1.528 NA 8,744.69 NA 1.014 NA NA

Scenario analyses (1.5-year time horizon)

SGLT2 inhibitors plus
standard therapy

1,068 1,407 1.236 0.033 7,111.14 204.93 0.825 0.022 9,350.82

Standard therapy
alone

1,190 2,178 1.202 NA 6,906.21 NA 0.803 NA NA

Scenario analyses (1-year time horizon)

SGLT2 inhibitors plus
standard therapy

760 927 0.862 0.019 4,977.11 115.38 0.579 0.013 9,241.80

Standard therapy
alone

859 1,484 0.843 NA 4,861.73 NA 0.567 NA NA

Scenario analyses (0.5-year time horizon)

SGLT2 inhibitors plus
standard therapy

407 434 0.452 0.007 2,610.35 51.83 0.306 0.005 12,346.07

Standard therapy
alone

468 711 0.445 NA 2,558.53 NA 0.301 NA NA

Abbreviations: ICER: incremental cost-effectiveness ratio; NA: not applicable; QALYs: quality-adjusted life years; SGLT2: sodium-glucose cotransporter-2.
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SGLT2 inhibitors were a highly cost-effective add-on to standard
therapy for people with HFrEF in China. In the study population,
adding SGLT2 inhibitors for 2 years prevented 32 deaths and
228 hospitalizations for heart failure, and increased 49 life years
for every 1,000 patients treated, and showed an enhanced cost-
effectiveness over time. Consistency was observed in results among
different subgroups. To our knowledge, the present study is first of
its kind that adopted a microsimulation model to assess the cost-
effectiveness of SGLT2 inhibitors in people with HFrEF from the
perspective of the Chinese healthcare system. The simulation
estimating both the time-varying effectiveness and cost-
effectiveness of adding SGLT2 inhibitors provided new insights
into health policymaking.

There were some limitations noticed in the present study.
First, the study population was recruited in a single medical
center in China, which could be less representative of the
country. Nevertheless, the individual-level data allowed
precise subgroup estimation, which was more useful for
individual-level decision-making. Subgroup analyses according
to major prognostic factors and sensitivity analyses with varying
model parameters proved the robustness of cost-effectiveness.
Simulating target heart failure populations in different regions or
clinical settings with the model and input parameters adapted to
local contexts can provide key insights into the broader use of
SGLT2 inhibitors. Second, the current evidence for
SGLT2 inhibitors is unavailable after 2 years of treatment,
which is essential for time-varying estimation and associated

FIGURE 2
Tornado diagram for one-direction sensitivity analysis. Notes: The black solid line represents the average ICER in base case analysis, and the black
dashed line represents the willingness-to-pay threshold of GDP per capita. Abbreviations: HF: heart failure; HHF: hospitalization for heart failure; ICER:
incremental cost-effectiveness ratio; NYHA: New York Heart Association; QALY: quality-adjusted life year; RR: risk ratio; SGLT2: sodium-glucose
cotransporter-2.

FIGURE 3
Cost-effectiveness plane for probabilistic sensitivity analysis.
Notes: Figure 3 shows the distribution of 10,000 results in the
probabilistic sensitivity analysis. The gray solid line represents the
willingness-to-pay threshold of GDP per capita, and the gray
dashed line represents the willingness-to-pay threshold of three times
GDP per capita. Abbreviations: QALYs: quality-adjusted life years;
SGLT2: sodium-glucose cotransporter-2.
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decision-making. Modeling updates are on schedule following
the release of longer-term randomized trials and well-designed
real-world studies that could inform clinical practice. Third,
emerging evidence established that SGLT2 inhibitors reduce
worsening heart failure and cardiovascular death in people
with heart failure and preserved ejection fraction (HFpEF).
Compared with HFrEF, HFpEF accounts for a higher
proportion of Chinese patients with heart failure but has
limited therapy (Chen et al., 2022). The cost-effectiveness
analysis of SGLT2 inhibitors in people with HFpEF is
warranted to contribute to incorporating SGLT2 inhibitors
into treatment for Chinese patients with HFpEF. With the
novel concept of cardiovascular-kidney-metabolic (CKM)
syndrome, the potential implications of implementing
SGLT2 inhibitors among people with diverse CKM health
conditions are worth investigating (Ndumele et al., 2023; Pan
et al., 2024; Wang and Li, 2024). Fourth, without a locally
validated risk calculator or localized input parameter (e.g.,
incidence rate of genital infection and utility values) from the
target Chinese population, this microsimulation adopted a
prediction model and parameters from other populations
(Voors et al., 2017). It led to potential indirectness for the
evidence implementation. Nevertheless, previous studies
suggested the consistency of risk factors in Chinese and
Western patients with heart failure (Zhang et al., 2017; Yang
et al., 2020). The sensitivity analyses also confirmed that this
indirectness may not be important in interpretation.

As the cost of hospitalization for heart failure accounts for
approximately 66% of the total medical costs of heart failure
(Huang et al., 2017), the prevention of recurrent hospitalizations
for heart failure is the economic cornerstone for the treatment of
heart failure. Although previous evidence synthesis confirmed
the diminishing relative effects of SGLT2 inhibitors in patients
with heart failure over time (Zou et al., 2024; Zou et al., 2022), the
results of this microsimulation study using real-world patients in
China indicate an enhanced cost-effectiveness over time. The
inconsistency of the trends in effectiveness and cost-
effectiveness could be due to our model considering the shift
of patient characteristics over time, which enhanced the
applicability of the current study in real-world practice and
policymaking. This model resulted in an increasing incidence
of hospitalization episodes and dynamic baseline risks over time,
which neutralized the diminishing relative effects of SGLT2
inhibitors. The finding was consistent with previous studies
based on lifetime Markov models that yielded an ICER of
$1,893.59 to $6,946.69 per QALY gained in 10- to 20-year
time horizons (Jiang et al., 2022; Lin et al., 2022). Previous
studies revealed that the prognosis of heart failure varied
according to age, sex, diabetes status, and kidney function
(Wang et al., 2024; Zhang et al., 2017). The present study
incorporating individual prognostic factors and conducting
subgroup analysis confirmed consistent cost-effectiveness of
SGLT2 inhibitors across heterogeneous populations. The wide
use of SGLT2 inhibitors in the eligible but heterogeneous heart
failure population is encouraged.

The cost of SGLT2 inhibitors, at the population level, is the
most important factor for the cost-effectiveness. The price
negotiation of SGLT2 inhibitors is thus critical in the

healthcare system, although the current price of
SGLT2 inhibitors in China reaches the WTP threshold in
over 99% of the simulations. The current price of
SGLT2 inhibitors in China allows their wider application
in patients with heart failure for better public health
service and calls for further optimization in real-world
practice, thereby supporting the authority of medication
initiation in primary care. Our study suggested patients with
longer life expectancy, newly diagnosed heart failure, and good
adherence could be the best responders to SGLT2 inhibitors,
which showed a step-by-step implementation in a wider
healthcare system.

5 Conclusion

Adding SGLT2 inhibitors to standard therapy was found to be
highly cost-effective for Chinese patients with HFrEF, and the
cost-effectiveness appeared to enhance over time. The cost of
SGLT2 inhibitors, the cost of hospitalization for heart failure, the
cost of standard therapy, and baseline risks of all-cause death and
hospitalization for heart failure were the most critical factors for
the cost-effectiveness of the medication. In the future,
longer-term randomized trials and well-designed real-world
evidence are warranted to further trigger the update of this
microsimulation.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

This study was approved by the ethical committee of
West China Hospital, Sichuan University (No. 2019-472).
Written informed consent to participate in this study was
not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national
legislation and the institutional requirements because the data
collection was based on the electronic medical records system
retrospectively.

Author contributions

XZ: writing–original draft and writing–review and
editing. XH: writing–original draft and writing–review and
editing. QS: writing–review and editing. SW: writing–review
and editing. NL: writing–review and editing. YZ:
writing–review and editing. MH: writing–review and editing.
LL: writing–review and editing. YS: writing–review and
editing. YZ: writing–review and editing. CL: writing–review
and editing. ZZ: writing–review and editing. HT:
writing–review and editing. SL: writing–review and editing.

Frontiers in Pharmacology frontiersin.org10

Zou et al. 10.3389/fphar.2025.1527972

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1527972


Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. SL is funded
by the National Natural Science Foundation of China (Grant No.
72342014), Sichuan Science and Technology Program (Grant No.
2022YFH0114), 1.3.5 Projects for Disciplines of Excellence Clinical
Research Incubation West China Hospital, Sichuan University
(Grant No. ZYYC24001 and 2020HXF011).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial
board member of Frontiers at the time of submission.
This had no impact on the peer review process and the
final decision.

Generative AI statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1527972/
full#supplementary-material

References

Barry, H. C., Ebell, M. H., and Hickner, J. (1997). Evaluation of suspected urinary tract
infection in ambulatory women: a cost-utility analysis of office-based strategies. J. Fam.
Pract. 44, 49–60.

Chen, S., Huang, Z., Liang, Y., Zhao, X., Aobuliksimu, X., Wang, B., et al. (2022). Five-
year mortality of heart failure with preserved, mildly reduced, and reduced ejection
fraction in a 4880 Chinese cohort. Esc. Heart Fail 9, 2336–2347. doi:10.1002/ehf2.13921

China Foreign Exchange Trade System (2024). CNY central parity rate. Available at:
https://www.chinamoney.com.cn/english/bmkcpr/(Accessed January 30, 2024).

Chinese Pharmaceutical Association (2020). China guidelines for pharmacoeconomic
Evaluations. Available at: https://www.cpa.org.cn/cpadmn/attached/file/20201203/
1606977380634185.pdf (Accessed January 30, 2024).

Cook, C., Cole, G., Asaria, P., Jabbour, R., and Francis, D. P. (2014). The annual global
economic burden of heart failure. Int. J. Cardiol. 171, 368–376. doi:10.1016/j.ijcard.
2013.12.028

GBD 2017 Disease and Injury Incidence and Prevalence Collaborators (2018). Global,
regional, and national incidence, prevalence, and years lived with disability for
354 diseases and injuries for 195 countries and territories, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet 392, 1789–1858. doi:10.
1016/S0140-6736(18)32279-7

Göhler, A., Geisler, B. P., Manne, J. M., Kosiborod, M., Zhang, Z., Weintraub, W. S.,
et al. (2009). Utility estimates for decision-analytic modeling in chronic heart failure--
health states based on New York Heart Association classes and number of
rehospitalizations. Value Health 12, 185–187. doi:10.1111/j.1524-4733.2008.00425.x

Greene, S. J., Butler, J., Albert, N. M., DeVore, A. D., Sharma, P. P., Duffy, C. I., et al.
(2018). Medical therapy for heart failure with reduced ejection fraction: the CHAMP-
HF registry. J. Am. Coll. Cardiol. 72, 351–366. doi:10.1016/j.jacc.2018.04.070

Hao, G., Wang, X., Chen, Z., Zhang, L., Zhang, Y., Wei, B., et al. (2019). Prevalence of
heart failure and left ventricular dysfunction in China: the China Hypertension Survey,
2012-2015. Eur. J. Heart Fail 21, 1329–1337. doi:10.1002/ejhf.1629

Hirji, I., Andersson, S. W., Guo, Z., Hammar, N., and Gomez-Caminero, A. (2012).
Incidence of genital infection among patients with type 2 diabetes in the UK General
Practice Research Database. J. Diabetes Complicat. 26, 501–505. doi:10.1016/j.jdiacomp.
2012.06.012

Huang, J., Yin, H., Zhang, M., Ni, Q., and Xuan, J. (2017). Understanding the
economic burden of heart failure in China: impact on disease management and resource
utilization. J. Med. Econ. 20, 549–553. doi:10.1080/13696998.2017.1297309

Huang, X., Liu, J., Hu, S., Zhang, L., Miao, F., Tian, A., et al. (2021). Systolic blood
pressure at admission and long-term clinical outcomes in patients hospitalized for heart
failure. Esc. Heart Fail 8, 4007–4017. doi:10.1002/ehf2.13521

Husereau, D., Drummond, M., Augustovski, F., de Bekker-Grob, E., Briggs, A. H.,
Carswell, C., et al. (2022). Consolidated health economic evaluation reporting standards
2022 (CHEERS 2022) statement: updated reporting guidance for health economic
Evaluations. Value Health 25 (1), 3–9. doi:10.1016/j.jval.2021.11.1351

Jiang, Y., Zheng, R., and Sang, H. (2022). Cost-effectiveness of adding SGLT2 inhibitors to
standard treatment for heart failure with reduced ejection fraction patients in China. Front.
Pharmacol. 12, 733681. doi:10.3389/fphar.2021.733681

Jones, N. R., Hobbs, F. R., and Taylor, C. J. (2017). Prognosis following a diagnosis of
heart failure and the role of primary care: a review of the literature. BJGP Open 1,
bjgpopen17X101013. doi:10.3399/bjgpopen17X101013

Krijkamp, E. M., Alarid-Escudero, F., Enns, E. A., Jalal, H. J., Hunink, M. G. M., and
Pechlivanoglou, P. (2018). Microsimulation modeling for health decision sciences using
R: a tutorial. Med. Decis. Mak. 38, 400–422. doi:10.1177/0272989X18754513

Lawson, C. A., Zaccardi, F., Squire, I., Ling, S., Davies, M. J., Lam, C. S. P., et al. (2019).
20-year trends in cause-specific heart failure outcomes by sex, socioeconomic status,
and place of diagnosis: a population-based study. Lancet Public Health 4, e406–e420.
doi:10.1016/S2468-2667(19)30108-2

Lin, X., Lin, M., Liu, M., Huang, W., Nie, X., Chen, Z., et al. (2022). Cost-effectiveness
of empagliflozin as a treatment for heart failure with reduced ejection fraction: an
analysis from the Chinese healthcare perspective. J. Thorac. Dis. 14, 1588–1597. doi:10.
21037/jtd-22-463

McDonagh, T. A., Metra, M., Adamo, M., Gardner, R. S., Baumbach, A., Böhm, M.,
et al. (2023). 2023 Focused Update of the 2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure. Eur. Heart J. 44, 3627–3639. doi:10.1093/
eurheartj/ehad195

National Bureau of Statistics of China (2023). China statistical yearbook. Available at:
https://www.stats.gov.cn/sj/ndsj/2023/indexeh.htm (Accessed January 30, 2024).

National Center for Medical Care Quality Control of Cardiovascular
Diseases (2023). National expert commission for cardiovascular, diseases.
2022 medical care quality report of cardiovascular diseases care in China: an
executive summary. Chin. Circulation J. 38, 482–495. doi:10.3969/j.issn.1000-
3614.2023.05.002

National Health Commission of the People’s Republic of China (2022). China health
Statistics yearbook. Available at: http://www.nhc.gov.cn/mohwsbwstjxxzx/tjtjnj/
202305/6ef68aac6bd14c1eb9375e01a0faa1fb.shtml (Accessed January 30, 2024).

Ndumele, C. E., Rangaswami, J., Chow, S. L., Neeland, I. J., Tuttle, K. R., Khan, S. S.,
et al. (2023). Cardiovascular-kidney-metabolic health: a presidential advisory from the
American heart association. Circulation 148, 1606–1635. doi:10.1161/CIR.
0000000000001184

Pan, X., He, H., Bao, Y., Bi, Y., Chen, L., Chen, X., et al. (2024). Chinese expert
consensus on the management of hypertension in adults with type 2 diabetes. J. Evid.
Based Med. 17, 851–864. doi:10.1111/jebm.12655

Pierce, J. B., Vaduganathan, M., Fonarow, G. C., Ikeaba, U., Chiswell, K., Butler, J.,
et al. (2023). Contemporary use of sodium-glucose cotransporter-2 inhibitor therapy
among patients hospitalized for heart failure with reduced ejection fraction in the US:
the get with the guidelines-heart failure registry. JAMA Cardiol. 8, 652–661. doi:10.
1001/jamacardio.2023.1266

Frontiers in Pharmacology frontiersin.org11

Zou et al. 10.3389/fphar.2025.1527972

https://www.frontiersin.org/articles/10.3389/fphar.2025.1527972/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1527972/full#supplementary-material
https://doi.org/10.1002/ehf2.13921
https://www.chinamoney.com.cn/english/bmkcpr/
https://www.cpa.org.cn/cpadmn/attached/file/20201203/1606977380634185.pdf
https://www.cpa.org.cn/cpadmn/attached/file/20201203/1606977380634185.pdf
https://doi.org/10.1016/j.ijcard.2013.12.028
https://doi.org/10.1016/j.ijcard.2013.12.028
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1111/j.1524-4733.2008.00425.x
https://doi.org/10.1016/j.jacc.2018.04.070
https://doi.org/10.1002/ejhf.1629
https://doi.org/10.1016/j.jdiacomp.2012.06.012
https://doi.org/10.1016/j.jdiacomp.2012.06.012
https://doi.org/10.1080/13696998.2017.1297309
https://doi.org/10.1002/ehf2.13521
https://doi.org/10.1016/j.jval.2021.11.1351
https://doi.org/10.3389/fphar.2021.733681
https://doi.org/10.3399/bjgpopen17X101013
https://doi.org/10.1177/0272989X18754513
https://doi.org/10.1016/S2468-2667(19)30108-2
https://doi.org/10.21037/jtd-22-463
https://doi.org/10.21037/jtd-22-463
https://doi.org/10.1093/eurheartj/ehad195
https://doi.org/10.1093/eurheartj/ehad195
https://www.stats.gov.cn/sj/ndsj/2023/indexeh.htm
https://doi.org/10.3969/j.issn.1000-3614.2023.05.002
https://doi.org/10.3969/j.issn.1000-3614.2023.05.002
http://www.nhc.gov.cn/mohwsbwstjxxzx/tjtjnj/202305/6ef68aac6bd14c1eb9375e01a0faa1fb.shtml
http://www.nhc.gov.cn/mohwsbwstjxxzx/tjtjnj/202305/6ef68aac6bd14c1eb9375e01a0faa1fb.shtml
https://doi.org/10.1161/CIR.0000000000001184
https://doi.org/10.1161/CIR.0000000000001184
https://doi.org/10.1111/jebm.12655
https://doi.org/10.1001/jamacardio.2023.1266
https://doi.org/10.1001/jamacardio.2023.1266
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1527972


Rutter, C.M., Zaslavsky, A.M., and Feuer, E. J. (2011). Dynamicmicrosimulationmodels
for health outcomes: a review.Med. Decis. Mak. 31, 10–18. doi:10.1177/0272989X10369005

Sang, H., Wan, Y., Ma, Z., Zhang, S., and Zhao, Q. (2022). Cost-effectiveness of
empagliflozin for the treatment of heart failure with reduced ejection fraction in China.
Front. Cardiovasc Med. 9, 1022020. doi:10.3389/fcvm.2022.1022020

Sichuan Pharmaceutical Equipment Bidding and Purchasing Service Center (2024).
Available at: https://www.scyxzbcg.cn/webPortal/home.html [Accessed 2024 January 30].

Tang, Y., and Sang, H. (2022). Cost-utility analysis of empagliflozin in heart failure
patients with reduced and preserved ejection fraction in China. Front. Pharmacol. 13,
1030642. doi:10.3389/fphar.2022.1030642

Voors, A. A., Ouwerkerk, W., Zannad, F., van Veldhuisen, D. J., Samani, N. J.,
Ponikowski, P., et al. (2017). Development and validation of multivariable models to
predict mortality and hospitalization in patients with heart failure. Eur. J. Heart Fail 19,
627–634. doi:10.1002/ejhf.785

Wang, H., Li, Y., Chai, K., Long, Z., Yang, Z., Du, M., et al. (2024). Mortality in
patients admitted to hospital with heart failure in China: a nationwide Cardiovascular
Association Database-Heart Failure Centre Registry cohort study. Lancet Glob. Health
12, e611–e622. doi:10.1016/S2214-109X(23)00605-8

Wang, S., and Li, S. (2024). Type 2 diabetes, heart failure and the treatment of their
comorbidity. Minerva Med. doi:10.23736/S0026-4806.24.09264-4

Yang, M., Tao, L., An, H., Liu, G., Tu, Q., Zhang, H., et al. (2020). A novel nomogram
to predict all-cause readmission or death risk in Chinese elderly patients with heart
failure. Esc. Heart Fail 7, 1015–1024. doi:10.1002/ehf2.12703

Yao, Y., Zhang, R., An, T., Zhao, X., and Zhang, J. (2020). Cost-effectiveness of
adding dapagliflozin to standard treatment for heart failure with reduced
ejection fraction patients in China. Esc. Heart Fail 7, 3582–3592. doi:10.1002/
ehf2.12844

Zhang, Q., Fan, F., Yang, F., Zhou, Z., Jia, J., Jiang, J., et al. (2024). Disparities
in SGLT2i utilization among heart failure patients with different ejection fraction in
China: findings from Chinese cardiovascular association database-heart failure center
registry. Eur. Heart J. 45 (Suppl. ment_1), ehae666–1064. doi:10.1093/eurheartj/
ehae666.1064

Zhang, Y., Zhang, J., Butler, J., Yang, X., Xie, P., Guo, D., et al. (2017). Contemporary
epidemiology, management, and outcomes of patients hospitalized for heart failure in
China: results from the China heart failure (China-HF) registry. J. Card. Fail 23,
868–875. doi:10.1016/j.cardfail.2017.09.014

Zhou, Y., Zeng, Y., Wang, S., Li, N., Wang, M., Mordi, I. R., et al. (2021). Guideline
adherence of β-blocker initiating dose and its consequence in hospitalized patients with
heart failure with reduced ejection fraction. Front. Pharmacol. 12, 770239. doi:10.3389/
fphar.2021.770239

Zou, X., Shi, Q., and Li, S. (2024). Time-varying effects of sodium-glucose
cotransporter-2 inhibitors in patients with heart failure: an updated meta-analysis.
J. Evid. Based Med. 17, 13–16. doi:10.1111/jebm.12597

Zou, X., Shi, Q., Vandvik, P. O., Guyatt, G., Lang, C. C., Parpia, S., et al. (2022).
Sodium-glucose cotransporter-2 inhibitors in patients with heart failure: a
systematic review and meta-analysis. Ann. Intern Med. 175, 851–861. doi:10.7326/
M21-4284

Frontiers in Pharmacology frontiersin.org12

Zou et al. 10.3389/fphar.2025.1527972

https://doi.org/10.1177/0272989X10369005
https://doi.org/10.3389/fcvm.2022.1022020
https://www.scyxzbcg.cn/webPortal/home.html
https://doi.org/10.3389/fphar.2022.1030642
https://doi.org/10.1002/ejhf.785
https://doi.org/10.1016/S2214-109X(23)00605-8
https://doi.org/10.23736/S0026-4806.24.09264-4
https://doi.org/10.1002/ehf2.12703
https://doi.org/10.1002/ehf2.12844
https://doi.org/10.1002/ehf2.12844
https://doi.org/10.1093/eurheartj/ehae666.1064
https://doi.org/10.1093/eurheartj/ehae666.1064
https://doi.org/10.1016/j.cardfail.2017.09.014
https://doi.org/10.3389/fphar.2021.770239
https://doi.org/10.3389/fphar.2021.770239
https://doi.org/10.1111/jebm.12597
https://doi.org/10.7326/M21-4284
https://doi.org/10.7326/M21-4284
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1527972

	Time-varying cost-effectiveness analysis of sodium-glucose cotransporter-2 inhibitors in Chinese patients with heart failur ...
	1 Introduction
	2 Materials and methods
	2.1 Model population
	2.2 Model overview
	2.3 Treatment strategies
	2.4 Clinical events
	2.5 Efficacy of SGLT2 inhibitors
	2.6 Costs and quality-adjusted life years
	2.7 Statistical analysis
	2.7.1 Base case analysis
	2.7.2 Scenario and subgroup analyses
	2.7.3 Sensitivity analyses


	3 Results
	3.1 Model population
	3.2 Base case analysis
	3.3 Time-varying cost-effectiveness analyses
	3.4 Subgroup analyses
	3.5 Sensitivity analyses

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


