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57  Summary

58  Background Heart failure (HF) imposes a growing public health and macroeconomic
59  burden in low- and middle-income countries (LMICs), yet its long-term economic
60  implications remain unquantified. China, characterized by rapid population aging and
61  escalating cardiovascular risks, provides a critical setting to model HF’s economic
62  impact.

63  Methods Using data from the Global Burden of Disease Study 2021, China

64  Cardiovascular Association Registry, and national insurance databases, we quantified

65  the macroeconomic burden of heart failure (2025 — 2035) through a health-augmented

66  macroeconomic model. We evaluated three interventions: BNP screening (adults >40
67  years), intensive blood pressure control (hypertensive patients), and guideline-directed
68  medical therapy (GDMT) for HF with reduced ejection fraction (HFrEF). Costs are
69  reported in 2017 international dollars (INTS).

70 Findings By 2035, HF cases in China are projected to reach 22-7 million (95% UI:
71 9:5-36:9 million), with an age-standardized prevalence of 760-65 per 100,000
72 (283-21-1,340-77). The cumulative economic burden (2025-2035) is estimated at
73 INT$1,001-1 billion (733-4-1,346-6 billion), representing 0-256%(0-188%—0-344%)
74 of annual GDP , driven by labor force attrition (72-1%; 64-4-74-8%) and direct
75  medical costs (27:9%; 25:2-35:6%). Three interventions could reduce the total
76  burden by 12-5%: BNP screening (25% coverage among adults>40 years) could save
77 INT$78-5 billion (62:8-94-1 billion; 8:10% burden reduction; cost-benefit ratio=
78 0-49; 0-39-0-59); intensive blood pressure control (41:4% coverage among
79  hypertensive patients) could reduce costs by INT$27-5 billion (25:1-29-9 billion;

80  2-74% reduction; ratio=0-22; 0-20—0-24); and GDMT for incident HFrEF patients
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81  could yield savings of INT$17-0 billion (12-8-22-4 billion; 1-70% reduction;
82  ratio=0-48; 0-36-0-63).

83  Interpretation This study highlights HF’s dual clinical and macroeconomic burden in
84  China, advocating three scalable strategies: nationwide BNP screening in primary
85 care, subsidized hypertension management, and GDMT optimization. These
86  interventions might offer a blueprint for LMICs to mitigate HF-related economic
87  losses amid demographic aging.

88  Funding This study was supported by grants from the Noncommunicable Chronic
89  Diseases-National Science and Technology Major Project (No: 2023ZD0504600);
90  Capital’s Funds for Health Improvement and Research (2022-1-4052); the National
91  High-Level Hospital Clinical Research Funding (BJYY-2023-070); the National
92  Natural Science Foundation of China (No. 82170396); and the CAMS Innovation

93  Fund for Medical Sciences (2021-12M-1-050).
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94  Research in Context

95

96  Evidence Before This Study

97  We systematically searched MEDLINE, PubMed, and Google Scholar for studies

29 <¢

98  published between 1990-2025 using terms including “heart failure,” “economic
99  burden,” "economic cost." Existing literature predominantly focused on cost-of-illness
100  analyses in high-income countries, aggregating direct medical and indirect
101 productivity costs. While the Global Burden of Disease Study provided
102  epidemiological estimates, no prior study quantified the macroeconomic impact of
103 heart failure (HF) in rapidly aging populations like China. Evidence on cost-effective
104  interventions tailored to China’s healthcare systems, such as biomarker screening or
105  workforce-targeted therapies, remained sparse.

106

107 Added Value of This Study

108  This study presents the first macroeconomic projections of HF in China, forecasting
109  that by 2035, the number of HF cases will reach 22-7 million (uncertainty interval
110 [UI]: 9-5 — 36-9 million), with an age-standardized prevalence rate of 760-65 (UI:
111 283-2 = 1,340-8) per 100,000 people. Age-specific analyses reveal a steep rise in HF
112 prevalence across all age groups in China, with the most marked increases among
113 older adults: the 60 — 64 years cohort is projected to rise from 0-974% (711,347 cases)

114 in 2021 to 1:269% (1-39 million cases) by 2035 (30-3% prevalence increase; 95-5%

115  case surge), while younger populations (35 — 39 years) show a 14-9% relative rise,
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116  underscoring the urgent need for life-course prevention strategies to address
117 accelerating burdens in aging and younger demographics.The total economic burden
118 from 2025 to 2035 is projected at INT$1,001-1 billion (UI: 733-4 — 1,345-6 billion, at
119 constant 2017 prices), which accounts for 0-:256% (UI: 0-188% — 0-344%) of China’s
120 GDP annually. This burden is driven predominantly by indirect costs (72-1%), mainly
121 resulting from reduced labor force participation and productivity losses, with direct
122 medical costs contributing 27-9%.Three cost-effective interventions—BNP screening
123 (25% coverage among adults >40 years; 8-10% burden reduction), intensive blood
124 pressure control (41-4% coverage in hypertensive patients; 2-74% reduction), and
125  guideline-directed medical therapy (GDMT) for HFrEF patients (1:70%
126 reduction)—could collectively reduce the total economic burden by 12-5%, saving up
127 to INT$123-0 billion (UL: 100-65 — 146-39billion) over a decade, with favorable
128  cost-benefit ratios (0-221 — 0-489) underscoring scalability in resource-limited
129  settings.

130

131  Implications of All the Available Evidence

132 The escalating burden of HF in China reflects challenges faced by low- and
133 middle-income countries (LMICs) navigating demographic aging and epidemiological
134 shifts, underscoring the imperative to integrate HF prevention into national health
135 agendas. Our findings align with China’s Healthy China 2030 initiative, the United
136 Nations Sustainable Development Goals and Global health 2050, advocating for

137  policies that prioritize prevention, early detection (e.g., BNP screening), and
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138 optimized chronic disease management (e.g., GDMT) to enhance workforce
139  sustainability. Cost-effective interventions such as BNP screening and GDMT
140  optimization are scalable across LMICs with limited resources, offering pathways to
141 mitigate long-term societal and economic impacts. The COVID-19 pandemic has
142 further exposed vulnerabilities in low-income and rural healthcare systems,
143 necessitating targeted investments in digital health technologies and infrastructure to
144 address care disparities. Policymakers must prioritize data-driven strategies
145  combating rural-urban gaps in access, strengthening primary care capacity, and
146 leveraging innovation to ensure equitable and sustainable HF management in aging

147 populations globally.
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148 Introduction
149  Heart failure (HF), the end-stage manifestation of cardiovascular diseases (CVDs),

150  threatens global health systems and economic stability, with over 64 million affected

151  individuals worldwide — a number projected to rise sharply due to aging populations

152 and improved survival post-acute cardiac events.!? China exemplifies this crisis,
153 home to 245 million hypertensive adults and 140 million diabetic patients, where HF
154  prevalence has doubled since 2000 to 12-1 million cases.>* The rapid aging of
155  populations and the escalating risks of CVD create critical challenges that could
156  undermine labor productivity and overall macroeconomic growth.

157  However, the long-term economic consequences of heart failure (HF) in low- and
158 middle-income countries (LMICs) remain poorly quantified, despite their critical
159  implications for sustainable development. These consequences stem from two
160  mutually reinforcing mechanisms. First, HF erodes the workforce through premature
161  mortality and chronic disability among working-age populations, directly reducing

162 labor productivity and economic output. Simultaneously, the financial burden of HF

163 — whether shouldered by households, public health systems, or insurers — diverts

164  resources from productive investments in education, infrastructure, and private
165  enterprise. For instance, families spending heavily on hospitalizations may sacrifice
166  savings for children’s education, while governments allocating funds to HF treatments
167  might delay road construction or small business subsidies. Together, these dynamics
168  threaten to entrench cycles of poverty and undermine long-term development goals.

169  Existing evidence on HF’s economic burden predominantly derives from high-income
170 countries, focusing narrowly on direct medical costs (e.g., hospitalizations,
171  medications).? Such frameworks may inadequately capture LMIC contexts. While

172 labour-intensive economies imply that health shocks like HF could affect a larger

9
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173 share of the workforce, the economic impact per individual may be lower due to
174 reduced baseline productivity. For example, in rural China, where informal
175  employment dominates, HF-related disability might reduce income less severely than

176 in high-productivity sectors. However, rising age-standardized CVD mortality rates in

177 LMICs (+12% in China, 2000 — 2019) signal an urgent need to quantify these

178  trade-offs, particularly as health burdens increasingly overlap with working-age
179  populations.>® Despite China’s unique position as the world’s second-largest
180  economy undergoing rapid epidemiological transition, no study has modelled HF’s
181  macroeconomic burden or evaluated scalable interventions tailored to its fragmented

182  primary care system.

183  We integrate HF epidemiology with a health-augmented macroeconomic model to
184  quantify labor force attrition and capital depletion. Using data from the Global Burden
185  of Disease (GBD) Study, national registries, and insurance claims, we project HF
186  prevalence (2025 — 2035) and its macroeconomic burden. Second, we assess three
187  interventions prioritized for China’s healthcare landscape: (1) B-type natriuretic
188  peptide (BNP) screening for early detection; (2) intensive blood pressure (BP) control
189  (systolic BP <120 mmHg); and (3) guideline-directed medical therapy (GDMT) for
190  heart failure with reduced ejection fraction (HFrEF).” As HF incidence rises among
191  adults, there is growing concern over its impact on economic productivity,

192 particularly during peak working years.®

193 The urgency of addressing HF aligns with the Lancet Global Health 2035
194  Commission’s framework, which prioritizes CVDs to halve global premature

195  mortality by 2050.° Our findings provide actionable evidence to align HF

10
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196  management with China’s Healthy China 2030 initiative and the United Nations
197  Sustainable Development Goals (SDG 3: Health; SDG 8: Decent Work).

198

199  Methods

200  Projection of HF Prevalence from 2025 to 2035 in China

201  This study modeled the projected prevalence of HF in China from 2025 to 2035 by
202  integrating epidemiological data from the GBD Study 2021 and demographic
203  projections from the United Nations World Population Prospects 2024.5¢ Age- and
204  sex-specific HF prevalence estimates for 2021, including 95% uncertainty interval
205  (UI), were sourced from the GBD 2021, a standardized global dataset spanning 204
206  countries. A Bayesian age-period-cohort (BAPC) framework was applied using the R
207  package BAPC to project future trends, accounting for multiplicative effects of age,
208  period, and cohort on disease dynamics.!® In essence, the age-period-cohort model,
209  which is a logarithmic linear Poisson model, postulates that the multiplicative impact
210  of age, period, and cohort is reflected in a Poisson distribution, and that a link
211 function specific to the model is utilized. The 2021 HF prevalence (both case numbers
212 and age-standardized prevalence rates [ASPRs]) served as the baseline, with
213 sensitivity analyses evaluating annual prevalence fluctuations (£1% as reference
214  scenarios).

215

216  Macroeconomic Burden Model

217  We adapted a health-augmented macroeconomic model, previously applied to
218  estimate the global burden of chronic obstructive pulmonary disease, cancers, and

219 Alzheimer’s disease, to quantify the direct and indirect economic impacts of HF in

220  China from 2025 to 2035.!' = 13 This model integrates epidemiological data with

11
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221  macroeconomic variables through two primary pathways:(1) Labor force effects:
222 HF-related mortality and morbidity reduce the working-age population and diminish
223 labor productivity. (2) Capital accumulation effects: The costs associated with HF
224 treatment divert financial resources from savings and investment, thereby hindering
225  physical capital accumulation.

226  The economic burden attributable to HF was calculated as the cumulative difference

227  in gross domestic product (GDP) between two scenarios: (1) Status quo scenario:

228  Projected GDP under current HF prevalence trends. (2 ) Counterfactual scenario:

229  Hypothetical GDP assuming complete elimination of HF at zero cost from 2025
230  onward. The key modeling assumptions are as follows: HF mortality rates fixed at
231 2021 levels (China Cardiovascular Association [CCA] Heart Failure Centre
232 Registry).'*Per capita treatment costs constant at 2017 values.® Individuals with HF
233 are excluded from the labor force until recovery or death.Retirement ages are set at 60
234  years for men and 55 years for women, with no adjustments for potential delayed
235  retirement policies. Further details regarding model assumptions are provided in the
236  Supplementary Appendix 2 A, C, D, E, G, H, J.

237

238  Data Sources

239  Prevalence and mortality rates: GBD 2021 and the CCA Database—Heart Failure
240  Centre Registry.>'* Economic data: World Bank’s World Development Indicators
241  database, International Monetary Fund’s World Economic Outlook database, and the
242 United Nations’ World Population Prospects (2024 revision). Healthcare costs: Data
243 from the National Urban Employee Basic Medical Insurance program across six
244  provinces in China (2017).> All economic data were converted to 2017 international

245  dollars (INT$) to ensure consistency and comparability.

12
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246

247  Intervention Impact Assessment

248  To address the escalating burden of HF in China, we assessed three evidence-based
249  interventions using a health-augmented macroeconomic model: BNP screening,
250 intensive BP control, and GDMT for HFrEF. These interventions are derived from the
251 latest guidelines of the European Society of Cardiology (ESC), the American Heart
252 Association/American College of Cardiology/Heart Failure Society of America

253  (AHA/ACC/HFSA), and the Chinese Guideline for the Diagnosis and Management of

254  HF in Primary Care.!> = 7 Specific adaptations have been made for practical

255  implementation within China’s primary care system (Table 1).

256

257  BNP Screening for Early Detection

258  This intervention targeted adults aged >40, prioritizing those with hypertension,

259  diabetes, or a history of CVD. With an annual screening coverage of 25% (sensitivity:

260 20 — 30%), the cost was RMB 400 (INT$85-74) per person, covering general

261  practitioner consultation (RMB 50), BNP testing (RMB 100), and cardiology
262  specialist review (RMB 250). Consistent with the STOP-HF trial, BNP-based
263  screening with collaborative care significantly reduced new-onset HF, lowering
264 annual incidence from 0-62% to 0-27%.'% This effect was driven by early
265  identification and management of at-risk individuals, preventing progression to left
266  ventricular dysfunction.

267

268  Intensive Blood Pressure Control

269  This strategy aimed to achieve a systolic BP of <120 mmHg among 245 million

270  hypertensive adults in China, as reported in the China Hypertension Survey 2023.

13
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271  Among these individuals, 41:4% (37-8 — 45:1%) met the inclusion criteria of the

272 SPRINT trial.' At an estimated annual cost of RMB 600 (INT$128:61) per patient
273 including antihypertensive medications (RMB 350) and monitoring (RMB 250).
274  Reduced annual HF incidence from 0:67% to 0-41%, driven by attenuated left
275  ventricular remodeling.?’ The China STEP trial validated this approach in older adults

276  (target systolic BP <130 mmHg), demonstrating a 26% reduction in acute

277 decompensated HF (HR 0-27; 95% CI 0-08 — 0-98).2!

278

279  GDMT for HFrEF

280  This intervention in China aimed to improve adherence to GDMT for HF patients,
281  particularly those with HFrEF, where approximately 3 million new cases are
282  diagnosed annually, with 35:6% being HFrEF.>!* The goal was to increase adherence

283  from 30% to 90%. The annual per-patient cost for GDMT is RMB 5,000 (2017

284  INT$1,071-81), which primarily covers pharmacotherapy (60 — 70%), including

285  Sacubitril/Valsartan (RMB 1,200 — 1,800), Metoprolol (RMB 240 - 360), and

286  Dapagliflozin (RMB 360 — 600). The remaining costs (30 — 40%) are allocated to

287  monitoring, including BNP tests (three times per year) and echocardiographic

288  assessments (one to two times per year). Clinically, GDMT helps 20 — 30% of HFrEF

289  patients achieve left ventricular functional recovery (LVEF >40%) within 12 months,
290  improving their physical capacity.??

291

292 Using the previously described health-augmented macroeconomic model, we

293  calculated the economic burden reduction associated with each intervention. We

14
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294  compared annual aggregate output (GDP) across two scenarios from 2025 to 2035,
295  the key modeling assumptions are as follows: In the status quo scenario, GDP is
296  projected based on current estimates and disease prevalence projections. In the

297  counterfactual scenario, HF prevalence decreases due to the intervention, while

298  additional costs are incurred. The average duration of HF is assumed to be 4 years,

299  annual HF incidence of 3 million cases.>'* For each intervention, we estimated:
300  Reduction in HF prevalence, Savings in healthcare expenditures, Productivity gains

301  from reduced disability and premature mortality, Cumulative economic benefits over

302 a 10-year horizon (2025 — 2035). Further details regarding model assumptions are

303  provided in the Supplementary appendix 2 B.

304

305  Sensitivity Analysis

306  We conducted sensitivity analyses to assess the robustness of our estimates. Baseline
307  estimates were based on mean prevalence rates, Ul were calculated in the sensitivity
308  analysis based on the lower and upper bounds of 95% UI for GBD data.We applied
309  discount rates of 0%, 2%, 3%, 4%, and 5%, with 3% used as the baseline in the main
310  analysis(Supplementary appendix 2 K). Incorporated regional cost heterogeneity by
311  calculating province-, sex-, and age-stratified treatment costs from six economically
312 diverse provinces, using minimum and maximum values across provinces for each
313 subgroup to evaluate cost-driven variability (Supplementary appendix 2 L). The
314  model’s predictive accuracy was validated against historical HF epidemiology and
315  economic burden data.

316

317 Role of the Funding Source

318  The funders of the study had no role in study design, data collection, data analysis,

15
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319  data interpretation, or writing of the report.

320

321  Results

322  Based on data from the GBD Study 2021, the prevalence of HF in China is projected
323 to rise substantially between 2021 and 2035, driven by rapid population aging and

324  escalating cardiovascular risk factors (Figure 1, appendix 2 F) By 2035, the number of

325  individuals living with HF is estimated to reach 22:7 million (95% UI: 9-496 —

326  36-936 million), representing a 73% increase from 2021 (13-1 million) (95% UI:

327  12-847 to 13-353). The age-standardized prevalence rate is expected to rise from

328  693-47 (95% UI: 675-18 = 711-75) per 100,000 in 2021 to 760-65 (95% UI: 283-21 —

329 1340-77) per 100,000 by 2035.
330  Age-specific trends in HF prevalence reveal a consistent upward trajectory across all

331 age groups in China, with the most pronounced increases observed among older

332 populations (Figure 1, appendix 2 I). In younger adults aged 15 — 49 years, HF

333  prevalence remains relatively low but demonstrates a gradual rise over time. For

334  instance, the prevalence in the 35 — 39 years age group is projected to increase from

335 0:127% in 2021 to 0-146% by 2035, reflecting a 14:9% relative increase.

336  Middle-aged populations (50 — 64 years) face a more substantial escalation, with the

337 60 — 64 years cohort anticipated to rise from 0-974% to 1:269% (a 30-3% relative

338  increase). Cases in this group are expected to surge from 711,347 to 1-39 million (a

339  95-5% relative increase). The most significant burden is concentrated among older

340  adults. Notably, the prevalence in the 65 — 69 years age group is projected to rise from

341 2:728% to 3:549% (a 30-1% relative increase), with cases surging from 2-09 million
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342 in 2021 to 3-82 million by 2035 (an 82-7% relative increase). Meanwhile, the 70 — 74

343  years cohort is expected to increase from 4:679% to 5:692% (a 21:6% relative
344  increase), with cases rising from 2-49 million to 4:70 million (an 88-8% relative
345  increase). Prevalence rates for males and females across various age groups can be
346  found in Appendix 2 G, H, L.

347  Our macroeconomic model forecasts a significant increase in the economic burden of

348  HF in China from 2025 to 2035 (Table 2). The burden is expected to rise from

349  INT$46-552 billion (UL:39-563 — 54-418 billion) in 2025 to INT$183-512 billion (UI:

350  118-975 — 273-759 billion) in 2035. Concurrently, HF-related economic losses as a

351  percentage of GDP are projected to grow from 0-137% (UIL: 0.116% — 0.160%) in

352 2025 t0 0-365% (UI: 0-2367% — 0-544%) by 2035. Cumulatively, the discounted total

353 burden over the 2025 — 2035 period is estimated to reach INT$1,001-141 billion (UI:

354 733-444 — 1,365-639 billion), representing an average annual loss of 0-256% (UI:

355 0.188 — 0.344%) of China’s GDP. The economic burden of HF is driven by direct

356  medical costs (27-9%; UI: 25-2% —35-6%) and indirect costs (72-1%; UI: 64-4% —

357  74-8%). Direct costs include hospitalizations, medications, and outpatient care, while
358  indirect costs result from reduced labor force participation and productivity losses.

359  Table 3 presents the impact of three interventions on reducing the economic burden of
360 HF over a 10-year period. Among them, BNP-based screening demonstrated the

361  highest macroeconomic efficiency, with a cumulative 10-year cost of INT$160-47

362  billion (UIL: 128-38 — 192-56 billion), leading to a reduction in economic burden by
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363 INT$78-49 billion (UL: 62:79 — 94-09 billion), equivalent to 8-10% (UL: 6-27 —

364 9:74%) of the total HF burden. While its impact on GDP remains marginal at 0-:020%

365 (UIL: 0-:016 — 0-024%), the intervention’s cost-benefit ratio of 0-489 (95% UI: 0-391 —

366  0-586) highlights significant returns, primarily driven by labor force retention, which
367  accounts for 96-9% of the total benefits through early detection of at-risk populations.

368  Intensive blood pressure control, targeting 245 million hypertensive adults, required a

369  total investment of INT$124-33 billion (UI: 113-52 — 135-44 billion) but yielded a

370  reduction in the HF burden by INT$27-48 billion (UL: 25-09 — 29-94 billion),

371  contributing 2-74% (UL: 2-51 — 2:99%) of the total burden reduction with a

372 cost-benefit ratio of 0-221 (UI: 0-202 — 0-241). While this strategy offers broader

373 cardiovascular benefits beyond HF prevention, its scalability remains challenged by
374  substantial upfront financial requirements, limiting its feasibility in
375  resource-constrained settings.

376 The GDMT for HFrEF has emerged as a cost-effective and balanced strategy,

377  requiring the lowest investment (INT$35-33 billion; UI: 26-05 — 47-10 billion) while

378  reducing the economic burden by INT$17-03 billion (UL: 12-77 — 22-36 billion),

379  equivalent to 1-:70% ( UIL: 1:66 — 1:74%) of the total burden, with a cost-benefit ratio

380 of 0482 (UL 0-361 — 0-633). Notably, over 96:5% (UL 96-1 — 96-8%) of the

381  economic benefits were driven by productivity restoration in younger patients through

382  improved cardiac function, with an additional 3-5% (UI: 3-2 — 3-:9%) stemming from

383 reduced long-term care costs. Given its efficiency and targeted impact on the
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384  working-age population, GDMT represents a sustainable and scalable intervention,
385  particularly for resource-limited settings.

386  Figure 2 illustrates the comparative impact of the three interventions by presenting the
387  annual proportion of economic burden reduction attributed to each from 2025 to 2035.
388  The interventions exhibit distinct patterns of economic burden reduction over time.
389  BNP-based screening demonstrates the most sustained and pronounced decline in

390  economic burden, underscoring its long-term effectiveness with a 8-10% reduction

391 (UI: 6:27 — 9-74%) of the total burden. In contrast, GDMT for HFrEF, while effective,

392 contributes a smaller proportion (1:70%; Ul: 1:66 — 1:74%) due to its narrower target

393  population and higher per-person costs. The three interventions are projected to

394  collectively reduce the economic burden by 12-54% ( UI: 10-44 — 14-47%) from 2025

395  to 2035, representing savings of INT$123-00 billion (UI: 100-65 — 146-39 billion).

396  Discussion

397  This study provides the first macroeconomic assessment of HF in China, projecting a
398  cumulative economic burden of INT$1,001-1 billion (0-256% of GDP) from 2025 to
399 2035, driven predominantly by indirect costs from labor force attrition (72-1%). Our
400  findings highlight three critical insights: (1) HF’s dual burden among aging and
401  younger populations signals a looming crisis for China’s labor-driven economy; (2)
402  scalable interventions—BNP screening, intensive BP control, and GDMT—could
403  mitigate 12-54% of this burden (INT$123-0 billion saved); and (3) indirect costs
404  dominate HF’s economic impact in China, contrasting sharply with high-income
405  countries where direct medical costs prevail. These results underscore the urgency of
406  integrating HF management into national health agendas, aligning with the Healthy

407  China 2030 initiative and the United Nations Sustainable Development Goals (SDGs).
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408  Globally, HF imposes escalating costs in aging populations, yet China’s economic

409  profile amplifies its vulnerability. In high-income countries, direct medical costs

410  dominate HF-related expenditures (65 — 80% of total burden).>?*?* By contrast,

411  China’s indirect costs (72-1%) highlight its reliance on workforce productivity. This
412  pattern aligns with studies of chronic diseases in LMICs, such as COPD and cancer,
413 where indirect costs similarly prevail.'>!> However, HF’s projected GDP loss
414 (0-365% by 2035) surpasses that of many chronic conditions (e.g., global COPD:
415  0-111% GDP/year), positioning HF as a macroeconomic priority requiring systemic
416  interventions beyond clinical management.'?

417  While global age-standardized CVD prevalence remains stable, HF’s growing burden
418  in China signals an urgent need for life-course prevention.?> By 2050, ischaemic heart
419  disease is projected to cause 20 million cardiovascular deaths globally, with

420  hypertension as the leading modifiable risk factor (18-9 million attributable deaths).?

421  Despite lower absolute HF risk in younger populations, the stronger association of

422  modifiable risk factors (e.g., hypertension, diabetes) in adults aged 35 — 55 years

423  demands targeted prevention strategies to mitigate productivity losses during peak
424  working years.?%?’
425  BNP-based screening emerged as the most cost-effective intervention, reducing

426  8-10% (INT$78-49 billion) of the total HF burden with a cost-benefit ratio of 0-49.

427  This aligns with evidence from the STOP-HF trial, where BNP-guided care reduced

428  left ventricular dysfunction incidence by 41% (OR 0-55; 95% CI 0-37 -

28 However, successful

429  0-82).'3Cost-effectiveness analyses support its scalability.
430  implementation depends on integration into primary care, especially in rural China,

431  where diagnostic tools and specialist care are limited.”® Scaling this intervention
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432 requires integrating BNP screening into China’s Essential Public Health Services,
433 prioritizing adults >40 years in high-risk regions. Portable BNP devices paired with
434  telemedicine platforms could bridge diagnostic gaps, while training primary care
435  providers in risk stratification would enhance early detection.

436  Intensive systolic BP control could reduce HF-related economic burdens by 2:74%

437  (INT$27-5 billion), consistent with the SPRINT trial’s 25% HF risk reduction (HR:

438 0°75;95% CI: 0-64 — 0-89).2° The China STEP trial further validated this approach in

439  older adults (target <130 mmHg), significantly lowering cardiovascular events (HR:

440  0-74; 95% CI: 0-60 — 0-92), showing a 73% decline in acute HF episodes (HR: 0-27;

441 95% CI: 0-08 — 0-98).2! To offset its 35-0% physical capital depletion (driven by

442  medication costs), subsidizing antihypertensive therapies under national insurance is
443  critical. Systemic barriers—including fragmented medication access and limited BP
444  monitoring infrastructure—constrain scalability. Scalable solutions—such as village
445  doctor-led rural programs, workplace-based BP monitoring, and digital adherence
446  tools—aligned with China’s Essential Public Health Services framework, could
447  bridge implementation barriers, translating clinical success into equitable health and
448  economic outcomes.*3!

449  Optimizing GDMT for HFrEF demonstrated balanced efficiency. Despite robust
450  evidence for ACE inhibitors, beta-blockers, and SGLT?2 inhibitors, adherence remains

451  suboptimal, with only 6:2% of patients achieving optimal GDMT use within 12

452 months of diagnosis.’? % Significant sex disparities exist, as women receive GDMT

453  less frequently than men.** Post-discharge mortality in low-income regions correlates
454  with inadequate GDMT prescription, reflecting systemic inequities.’® Scaling China’s

455  Heart Failure Center model-—which achieved 80% GDMT adherence through
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456  standardized protocols and multidisciplinary care—demonstrates actionable success.'*
457 A randomized trial confirmed that digital consults improve GDMT optimization,
458  offering scalable solutions to address fragmented access.*’ Prioritizing equity-focused
459  policies, multidisciplinary collaboration, Al-driven decision support tools and
460  telehealth consultations is critical to bridging implementation gaps and translating
461  evidence into practice.

462  HF poses significant clinical and macroeconomic challenges in China. Integrated
463  policies should focus on prevention, workforce protection, and strengthening
464  healthcare systems. Scalable interventions align with the Healthy China 2030
465 initiative and the Lancet Global Health 2035 Commission's "50 by 50" goal. Despite
466  progress, universal health coverage lags in preventive care.”’ Investments should
467  strengthen primary healthcare infrastructure to address the dual burden of
468  non-communicable diseases and aging.’® Prioritize BNP screening and GDMT for
469  labor force protection, as they are highly cost-effective. Implement hypertension
470  management subsidies to mitigate short-term risks, and leverage Al and telemedicine
471  to standardize treatment and reduce rural-urban disparities. Combining BNP screening
472 and hypertension management could amplify benefits, reducing healthcare
473 expenditures and improving labor force productivity. Joint interventions may lower
474  the total burden compared to BNP screening alone. A national scale-up of BNP
475  screening, especially in rural regions, is essential for maximum impact.

476  While our study advances the understanding of HF as a macroeconomic challenge,
477  several limitations necessitate cautious interpretation of the findings. First, reliance on

478  GBD data may obscure regional disparities in HF epidemiology and healthcare access.

479  For example, rural-urban gaps in diagnostic capacity — such as limited

430  echocardiography availability in remote areas— were not fully captured, potentially
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481  biasing national prevalence projections. Second, the observed wide credible intervals
482  likely reflect compounded uncertainties from sparse subpopulation data (e.g., ethnic
483  minorities, older adults), inherent identifiability constraints in age-period-cohort
484  models, and insufficient smoothing priors amplifying noise in long-term forecasts.
485  Third, fixed treatment costs exclude savings from medical innovations (e.g., SGLT2
486  inhibitors reducing hospitalizations by 30% in recent trials) and inflationary effects,
487  which may underestimate long-term economic benefits of interventions.’® Fourth,

488  while our analysis focused on HF-specific burdens, cross-disease cost savings from

439  interventions—such as hypertension management reducing stroke incidence —were

490  omitted, narrowing the estimated societal value. Fifth, uniform intervention adoption
491  rates oversimplify implementation realities; for instance, GDMT adherence remains
492  lower in rural versus urban China, yet our model assumed homogeneous scaling.
493  Finally, broader socioeconomic determinants—such as air pollution and healthcare
494  inequities—were omitted, despite evidence linking these factors to HF progression
495  and economic vulnerability.

496

497  Conclusion

498  HF in China represents not only a critical public health challenge but also imposes a
499  substantial long-term macroeconomic burden. By prioritizing BNP screening,
500 intensive BP control, and optimized GDMT adherence, policymakers can mitigate
501  12-5% of the projected burden (INT$123-0 billion saved), safeguarding GDP growth
502  and aligning with global sustainability agendas. For China and LMICs, prioritizing

503  HF management is an investment in both health and economic resilience.
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675 Table 1: Key Input Parameters for Intervention Scenarios

Parameter BNP Screening * Intensive BP control GDMT for HFrEF ¢
Target Population adults >40 years 245 million patients with hypertension All HFrEF patients
Intervention Coverage 25% (20%-30%) 41-4% (37-8%-45-1%) ¢ GDMT From 30% to 90%
Annual Cost per Person, (RMB) 400 600 5000

Annual Cost  per  Person,
85-74 128-61 1071-81
(2017INTS)

HF Incidence Reduction or LVEF  HF  Incidence  Reduction HF Incidence Reduction 0-67% to
20% recover normal LVEF ¢
recovery 0-62% to 0-27% annually ? 0-41% annually ®

676 ~ BNP = brain natriuretic peptide. BP = blood pressure. GDMT = guideline-directed
677  medical treatment. GDP = gross domestic product. HF = heart failure. HFrEF = heart
678  failure with reduced ejection fraction. LVEF = left ventricular ejection fraction.

679  *Modeled after the STOP-HF trial, targeting high-risk populations (e.g., hypertensive
680  and diabetic patients).'®

681  ®Based on the SPRINT trial, targeting systolic blood pressure <120 mmHg.?°

682  © Based on BIOSTAT-CHF and ASIAN-HF registries, assuming 22% of HFrEF
683  patients recover normal ejection fraction within 1 year.?

684 4 Based on a cost-effectiveness modeling study of the SPRINT trial in the chinese
685  population.'

686
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687 Table 2: Projected Macroeconomic Burden of Heart Failure in China (2025-2035)

. . . Propo‘rtion qu to Proportion Due to Labor
Year Economic Loss, Billions of 2017 INT$ Proportion of GDP, % Physma'l Capital Force Decline, %

Decline, %

2025 46-552 (39-534-54-418) 0-137 (0-116-0-160) 0-0 (0-0-0-0) 100-0 (100-0-100-0)
2026 57-595 (47-911-68-601) 0-162 (0-135-0-193) 9-7(8-5-13-5) 90-3 (86:5-91-6)
2027 68-780 (55-959-83-590) 0-187 (0-152-0-227) 16-4 (14-5-22-2) 83-6 (77-8-85-5)
2028 80-092 (63-:639-99-445) 0-211 (0-168-0-262) 21-4(19-1-28-2) 78-6 (71-8-80-9)
2029 91-643 (71:017-116-392) 0-234 (0-181-0-297) 25-3(22:7-32-7) 747 (67-3-77-3)
2030 104-662 (78-992-136-140) 0-256 (0-193-0-333) 28-3 (25-.5-362) 71-7 (63-8-745)
2031 118-542 (87-022-158-109) 0-278 (0-204-0-371) 30-7 (27-8-38-8) 69-3 (61-2-72-2)
2032 133-329 (95-073-182-565) 0-300 (0-214-0-411) 32:7(29-7-40-9) 67-3 (59-1-70-3)
2033 149-021 (103-083-209-724) 0-322 (0-222-0-453) 34:3 (31-3-42:6) 65-7 (57-4-68-8)
2034 165660 (111:019-239-889) 0-343 (0-230-0-497) 356 (32:6-44-0) 64-4 (56-0-67-4)
2035 183-512 (118-975-273-759) 0-365 (0-236-0-544) 36-8 (33:7-45°1) 63-2 (54-9-66-3)

Total (Discounted)

1001-140 (733-444-1345-639)

0-256 (0-188-0-344)

279 (25-2-35:6)

72-1 (64-4-74-8)

688 GDP = gross domestic product.
689 Economic loss is expressed in billions of 2017 international dollars (2017INTS$).
690 The total economic burden includes direct healthcare costs (e.g., hospitalizations, medications) and
691 indirect costs (e.g., lost productivity, disability).
692 Uncertainty intervals in parentheses are calculated based on the lower and upper bounds of 95%
693 uncertainty intervals for Projected Heart Failure Prevalence by Age Group derived from the GBD
694 Study 2021, adjusted for China-specific demographic and risk factor trends.
695 The uncertainty intervals for the "Proportion Due to Physical Capital Decline, %" and "Proportion Due
696  to Labor Force Decline, %" are derived from sensitivity analyses conducted on per capita treatment
697 costs, which were calculated by gender and age group at the provincial level using National Urban

698 Employee Basic Medical Insurance data.

699  The cumulative economic burden is adjusted for discounting at a rate of 3% per year.

700
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701 Table 3: Cost-Benefit of Heart Failure Interventions (2025-2035)
Parameter BNP Screening Intensive BP control GDMT for HFrEF

Total Cost (10-Year Cumulative) , 160-469 124-328 35-327
Billions of 2017 INT$ (128-375-192-563) (113-517-135-439) (26:047-47-101)
Reduction in Patients (10-Year 7,589,641 2,900,898 1,851,445
Cumulative) (6,071,715-9,107,573) (2,648,646-3,160,157) (1,328,668-2,526,094)
Economic Burden Reduction
(10-Year Cumulative) ? Billions of 78-49 (62-79-94-09) 27-48 (25:09-29-94) 17-03 (12-77-22-36)
2017 INTS
Relative Economic Burden
Reduction Rate, % 8:10 (6:27-9-74) 2:74 (2:51-2-99) 170 (1-66-1-74)
GDP Reduction, % 0-020 (0-016-0-024) 0-007(0-006-0-008) 0-004 (0-003-0-006)

Contribution to Burden Reduction
Physical Capital Improvement®, % 3-1 -35-0 3-5(3-2-3-9)

Labor Force Improvement ¢, % 96-9 135-0¢ 965 (96-1-96-8)

Cost-benefit  Ratio ¢ (Burden

Reduction per Unit Cost) 0-489 (0-391-0-586) 0221 (0-202-0-241) 0-482 (0-361-0-633)

702 BNP = brain natriuretic peptide. BP = blood pressure. GDMT = guideline-directed medical treatment.
703 GDP = gross domestic product. HF = heart failure. HFrEF = heart failure with reduced ejection fraction.
704  LVEF = left ventricular ejection fraction.

705 2 Economic burden reductions are adjusted for discounting at a rate of 3% per year.

706 b Physical capital improvement captures savings from reduced healthcare expenditures redirected to
707 investments; negative values indicate net capital depletion due to intervention costs.

708 ¢ Labor force improvement exceeding 100% reflects indirect productivity gains from reduced caregiver
709 burden and avoided premature mortality, which amplify direct workforce retention effects.

710 4 Cost-benefit ratio = Economic Burden Reduction / Total Cost. Values >0.5 indicate high efficiency.
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711  Figure 1. Trends and Future Projections of Heart Failure Cases and Prevalence

712 in China (1990-2035)
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715 Figure 2. Impact of BNP Screening, Intensive Blood Pressure Control, and

716  GDMT for HFrEF on Economic Burden and Patient Reduction (2025-2035)
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Figure 2: Impact of ENP Screening, Intensive Blood Pressure Control, and GDMT for HFrEF on Economic Burden and Patient
Reduction (2025-2035)

BNP=brain natriuretic peptide. GDMT=guideline-directed medical treatment. HF =heart failure. HFrEF=heart failure with reduced

7 1 7 ejection fraction.
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718  BNP=brain natriuretic peptide. GDMT=guideline-directed medical treatment.

719 HF=heart failure. HFrEF=heart failure with reduced ejection fraction.
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