Supplementary material 1: Detailed parameter estimation for the cost-effectiveness model
Overview of parameter estimation
This supplement provides a detailed description of how all model parameters were derived for the Markov model evaluating the cost-effectiveness of nurse practitioner (NP)-led care for patients with heart failure (HF) in Japan.
The parameters were classified into two categories. The first category includes those parameters obtained directly from published literature or administrative data, such as baseline readmission rates, in-hospital mortality, postdischarge mortality, hospitalization costs, outpatient costs, and utility values. These were sourced from Japanese registry data (JROAD–HF; Ide et al. [20]), claims-based cost estimates (Ogawa et al. [24]; Eguchi et al. [25]), and health utility estimates (Noda et al. [26]).
The second category includes those parameters that were calculated or transformed from primary data sources. These include the following: NP service costs per patient, derived by apportioning the monthly NP allowance according to working hours and patient volume; transition probabilities for the NP care arm, derived by applying relative risks (RRs) from Driscoll et al. [17] to Japanese baseline rates; postdischarge monthly mortality probability, converted from an annual rate using the standard formula: 1 - (1 - annual rate) ^ (1 / 12); and the discharge probability, estimated from the 75th percentile length of stay reported by Ide et al. [20].
Where measures of variability were not reported in the source, parameters were varied by ±25% of the base-case value in the probabilistic sensitivity analysis.
Service cost estimation
NP monthly allowance
The monthly cost of NP services was estimated on the basis of the NP-specific allowance stipulated in the National Hospital Organization regulations [18] and reported by Suzuki et al. [15] as the mode (JPY 60,000/month). As the NP allowance represents the incremental cost attributable to NP-specific activities, only the allowance component (JPY 60,000) was used for cost apportionment.
Working hours and apportionment
The total number of monthly NP working hours was estimated to be 50.8 hours, on the basis of Hasebe et al. [23], comprising 16 hours in the inpatient setting (2 hours/day × 8 days/month) and 34.8 hours in the outpatient setting (2.9 hours/day × 12 days).
The monthly allowance was apportioned to each setting according to the proportion of working hours:
· Inpatient NP cost: JPY 60,000 × (16 / 50.8) = JPY 18,898/month
· Outpatient NP cost: JPY 60,000 × (34.8 / 50.8) = JPY 41,102/month
Per-patient cost calculation
The monthly patient volume was estimated separately for the inpatient and outpatient settings. For the inpatient setting, the monthly patient volume per NP was calculated by multiplying the nurse-to-patient staffing ratio stipulated by the Japanese Ministry of Health, Labor and Welfare [19] (1 nurse per 7 patients) by the monthly patient turnover ratio, defined as 30 days divided by the mean length of stay for HF (18 days, derived from Ide et al. [20]), yielding an estimated 11.67 patients per month (7 × 30 / 18), rounded to 12 patients. Given the absence of direct outpatient HF patient counts, the number of outpatient cardiac rehabilitation sessions was used as a proxy for outpatient patient volume. The outpatient-to-inpatient volume ratio was calculated from the 2024 JROAD report (The Japanese Registry of All Cardiac and Vascular Diseases [21]) as 703,514 outpatient sessions divided by 294,363 inpatient cases, yielding a ratio of approximately 2.4. Applying this ratio to the inpatient estimate yielded 28 patients per month (11.67 × 2.4 ≈ 28.0). The combined monthly patient volume per NP was therefore estimated at 40 patients per month.
Given the marginal difference between settings and in accordance with the Reference Case guidance [22] that a single unit cost is accepted for most costing purposes when detailed cost functions are not empirically supported, a weighted average of JPY 1,500 per patient per month (JPY 60,000 / 40 patients) was applied uniformly across both inpatient and outpatient states in the base-case analysis.
Healthcare cost parameters
Inpatient cost
The inpatient cost per admission for heart failure was derived from Ogawa et al. [24], which analyzed real-world data from the JROAD–DPC database comprising 108,665 patients with HF in Japan. The reported cost of JPY 795,628 per admission was used as the base-case value. A gamma distribution was applied.
Outpatient cost
The outpatient cost was derived from Eguchi et al. [25], which used administrative claims data from 49,094 patients with HF aged 20 years or older in Japan. The reported annual cost of JPY 184,690 per patient per year was converted to a monthly estimate of JPY 15,391 per patient per month by dividing by 12. A gamma distribution was applied.
Transition probabilities
Overview
Transition probabilities were derived from Japanese real-world data where available, supplemented by RR estimates from published randomized or controlled evidence on NP-led care for HF. The parameters shared between the two arms (usual care and NP care) were applied identically; arm-specific adjustments were made only where the evidence supported a differential effect.
Readmission rate
The readmission rate was derived from Japanese real-world data for the usual care arm and adjusted for the NP-led care arm using relative risk estimates from published evidence.
Baseline readmission rate (usual care)
The baseline 30-day HF readmission rate for the usual care arm was derived from the JROAD–HF (Japanese Registry of Acute Decompensated Heart Failure) registry reported by Ide et al. [20]. The 30-day readmission rate of 3.0% per month (0.030) was applied directly as the monthly transition probability for the usual care arm. A beta distribution was applied.
NP-led care readmission rate
The readmission rate for patients receiving NP-led care was estimated by applying an RR derived from Driscoll et al. [17] to the Japanese baseline readmission rate. Driscoll et al. [17] reported 12-month cumulative readmission rates of 61.3% for NP-led care and 78.3% for usual care, yielding an RR of 0.783. A beta distribution was applied.
Readmission rate by cumulative readmission count
In addition to the baseline rate, we modeled the monthly readmission probability as a function of the cumulative readmission count to reflect the well-documented pattern of increasing rehospitalization risk with repeated admissions. Based on time-to-next-admission data reported by Eguchi et al. [25], the interval between successive hospitalizations shortened progressively with each readmission (231 days after first discharge to 110 days after the third or subsequent discharge). Accordingly, the monthly readmission probability was stratified by cumulative readmission count as follows: 13.0% (0 prior readmissions), 17.6% (1 prior readmission), 21.3% (2 prior readmissions), and 27.3% (≥ 3 prior readmissions). We tracked the cumulative readmission count using a single tracker variable, incremented by one each time the patient traversed the readmission node in the home state. We applied the same RR of 0.783 from Driscoll et al. [17] to each stratum-specific rate for the NP-led care arm.
In-hospital mortality
The in-hospital mortality rate during hospitalization for HF was derived from real-world Japanese data for the usual care arm and adjusted for the NP-led care arm using relative risk estimates from published evidence.
Baseline in-hospital mortality rate (usual care)
The baseline in-hospital mortality rate for the usual care arm was derived from the JROAD–HF registry reported by Ide et al. [20], who reported a real-world in-hospital mortality rate for patients with HF in Japan. The reported in-hospital mortality rate of 7.7% (0.077) was applied directly as the monthly transition probability for the usual care arm. A beta distribution was applied.
NP-led care in-hospital mortality rate
The in-hospital mortality rate for patients receiving NP-led care was estimated by multiplying the RR derived from Driscoll et al. [16] by the Japanese baseline in-hospital mortality rate. The in-hospital mortality rates reported by Driscoll et al. [16] were used to calculate the RR of 0.5, which was then applied to the baseline Japanese rate of 0.077. The resulting monthly in-hospital mortality rate for the NP-led care arm was 0.0385 (approximately 3.8% per month). A beta distribution was applied.
Postdischarge mortality
The all-cause mortality rate after discharge from hospitalization for HF was derived from real-world data from Japan. As Driscoll et al. [16,17] did not report differential effects of NP-led care on postdischarge mortality, this parameter was applied identically to both the usual care and NP-led care arms.
Postdischarge mortality rate
The all-cause mortality rate after discharge from hospitalization for HF was derived from the JROAD–HF registry reported by Ide et al. [20]. The reported annual postdischarge mortality rate was converted to a monthly probability using the following standard formula: monthly probability = 1 - (1 - annual rate) ^ (1 / 12). The resulting monthly postdischarge mortality probability of 0.021 (2.1% per month) was applied equally to both the usual care and the NP-led care arms.
We modeled background HF mortality separately using Japanese life tables [34], adjusted for the excess mortality associated with HF. The standardized mortality ratio (SMR) for patients with HF was estimated by calculating a weighted average of ejection fraction–specific mortality rates reported by Nagata et al. [35], using the distribution of ejection fraction categories among Japanese patients with HF as weights and applying fThe life table was applied over the age range of 40 to –100 years, which is consistent with the distribution of patients with HF in Japan. The model starting age was set at 76.5 years, which aligned with the reference population reported by Driscoll et al. [17] (range for sensitivity analysis: 53–100 years, SD ±12 years). This parameter was applied identically to both arms.
Discharge probability
Discharge probability estimation
The monthly probability of discharge from the hospitalized HF (HHF) state was derived from real-world data from Japan. As Driscoll et al. [16,17] did not report the differential effects of NP-led care on discharge timing, this parameter was applied identically to both the usual care and NP-led care arms. The discharge probability was estimated from the length-of-stay distribution reported by Ide et al. [20] in the JROAD–HF registry. Specifically, the 75th percentile length of stay for HF hospitalization was 28 days, indicating that 75% of patients were discharged within 28 days of admission. This value was used as a proxy for the monthly (30-day) discharge probability. Given that this parameter was applied identically across both arms, it was treated as a fixed value in the base-case analysis. The uncertainty around this estimate was explored in a one-way sensitivity analysis, in which the parameter was varied by ±25% around the base-case value.
Utility values
Overview
Health state utility values were assigned to each model state using estimates derived from Noda et al. [26], who adapted the regression-based algorithm originally developed by Göhler et al. [32] to a Japanese patient population. Using European cohort data, Göhler et al. [33] estimated EQ–5D utility values for patients with HF across NYHA functional classes I–IV. Noda et al. [26] subsequently applied this regression framework by substituting Japanese patient characteristics, specifically age and sex distributions obtained from the Japanese National Database (NDB) open data, to generate Japan-specific utility estimates. NYHA classes were collapsed into two categories, mild HF (NYHA class II) and severe HF (NYHA classes III/IV), with the severe HF estimate derived as a weighted average across classes III and IV.
Mapping to model health states
Given that the present model distinguishes between an outpatient stable state and an HHF state, the mild HF and severe HF utility values from Noda et al. [26] were mapped as follows:
· Stable outpatient state: Mild HF utility = 0.884
· HHF state: Severe HF utility = 0.768
This mapping is clinically appropriate, as patients in the stable outpatient state are generally managed at a functional level consistent with that of NYHA class II patients, whereas patients in the HHF state present more severe functional impairment, as captured by NYHA classes III/IV.
Uncertainty
Both utility values were incorporated into the probabilistic sensitivity analysis using beta distributions. The upper and lower bounds were set at approximately ±25% around the base-case values, yielding the following ranges:
· Stable outpatient state: 0.593 to –0.998
· HHF state: 0.556 to –0.925
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