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Background: The effect of sacubitril/valsartan on survival and hospitalization risk in older patients with heart failure has not been explored. We aimed to investigate the risk of hospitalization and mortality with the use of sacubitril/valsartan vs. enalapril in patients with heart failure.

Methods: This was a population-based cohort study using the Hong Kong-wide electronic healthcare database. Patients diagnosed with heart failure and newly prescribed sacubitril/valsartan or enalapril between July 2016 and June 2019 were included. The risk of primary composite outcome of cardiovascular mortality or heart failure-related hospitalization, all-cause hospitalization, heart failure-related hospitalization, cardiovascular mortality and all-cause mortality were compared using Cox regression with inverse probability treatment weighting. Additional analysis was conducted by age stratification.

Results: Of the 44,503 patients who received sacubitril/valsartan or enalapril, 3,237 new users (sacubitril/valsartan, n = 1,056; enalapril, n = 2,181) with a diagnosis of heart failure were identified. Compared with enalapril, sacubitril/valsartan users were associated with a lower risk of primary composite outcome [hazard ratio (HR) 0.58; 95% confidence interval (CI), 0.45–0.75], heart failure-related hospitalization (HR 0.59; 95% CI, 0.45–0.77), all-cause mortality (HR 0.51; 95% CI, 0.36–0.74) and borderline non-significant reductions in all-cause hospitalization (HR 0.85; 95% CI, 0.70–1.04) and cardiovascular mortality (HR 0.63; 95% CI, 0.39–1.02). The treatment effect of sacubitril/valsartan remains unaltered in the patient subgroup age ≥ 65 years (73%).

Conclusions: In real-world settings, sacubitril/valsartan was associated with improved survival and reduced heart failure-related hospitalization compared to enalapril in Asian patients with heart failure. The effectiveness remains consistent in the older population.
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INTRODUCTION

Sacubitril/valsartan, the first-in-class angiotensin receptor neprilysin inhibitor (ARNI), was proven to be superior to angiotensin-converting enzyme inhibitor (ACEI), with significant reduction in all-cause mortality and composite outcome of heart failure hospitalization or cardiovascular mortality, in patients with heart failure with reduced ejection fraction (HFrEF) in the Prospective Comparison of ARNI With ACEI to Determine Impact on Global Mortality and Morbidity in Heart Failure (PARADIGM-HF) trial (1). The novel drug combination also reduced the rates of 30-day heart failure readmission and all-cause readmission after heart failure hospitalization (2). Based on treatment benefits observed in the pivotal trial, sacubitril/valsartan was indicated for patients with symptomatic HFrEF (3, 4).

Despite compelling evidence on the reduction of mortality and heart failure hospitalization observed in ARNI group in the pivotal trial, the generalisability of findings in clinical practice is uncertain due to the stringent trial criteria in patient recruitment. Approximately 76% of real-world patients with HFrEF did not meet the trial criteria owing to the difference in clinical characteristics and only a quarter of patients in clinics were eligible to receive sacubitril/valsartan (5, 6). Moreover, women, elderly patients and ethnic minorities are usually under-represented in clinical trials involving heart failure, including PARADIGM-HF trial (7). Only 22% of the trial population were women (1), 18% were from the Asia-Pacific region (8), 49% of patients were >65 years (9), and the mean age of death was 65.5 years (10).

Previous retrospective observational studies conducted in the United States (11–13) and Canada (14) reported a reduction in hospitalization and improvement in the quality of life in the Western population, favoring sacubitril/valsartan treatment over ACEI or angiotensin-II receptor blocker (ARB). However, the real-world evidence on the effectiveness of sacubitril/valsartan in the Asian population is limited. Asian patients with heart failure may be younger, but with more cardiovascular mortality and heart failure hospitalizations compared to Western counterparts (9, 15). A subgroup analysis of PARADIGM-HF reported higher cardiovascular and all-cause mortality in patients from the Asia-Pacific region than other regions (8). Notably, there is considerable variability in regional, ethnic, socioeconomic, and aetiological factors within Asia-Pacific countries, which contribute to differences in heart failure characteristics and outcomes (8, 16, 17).

To bridge this research gap, a population-based cohort study using territory-wide electronic medical records (EMR) was conducted to evaluate the impact of sacubitril/valsartan on mortality and hospitalization in Chinese patients with heart failure in the real-world setting of Hong Kong.



MATERIALS AND METHODS


Data Source

This study was conducted using EMR from the Clinical Data Analysis and Reporting System (CDARS) database developed by the Hong Kong Hospital Authority (HA). The HA provides healthcare services to more than 7.4 million people in Hong Kong via 43 public hospitals, 49 specialist outpatient clinics and 73 general outpatient clinics, and contributes to 70% of the Hong Kong healthcare sector (18). CDARS is a centralized information system of medical data of de-identified patients including demographics, diagnoses, dispensing records, laboratory tests, and consultation records. A high degree of coding accuracy has been demonstrated in previous studies for identification of several cardiovascular outcomes such as atrial fibrillation, stroke, and myocardial infarction (19, 20). CDARS has also been used to conduct a number of post-marketing surveillance studies (21).



Study Design and Cohort Selection

This was a retrospective cohort study using a Hong Kong-wide population database. Patients ≥18 years with a clinical diagnosis of heart failure and a prescription of sacubitril/valsartan or enalapril between 1 July 2016 and 30 June 2019 were included. The treatment group was assigned based on the first prescription of drug received during the study period. Patients who received a prescription of enalapril 1 year prior to the index date were excluded to identify new users (Figure 1). Follow-up began from the start date of first prescription of sacubitril/valsartan or enalapril (i.e., index date) until the earliest of censoring events, including the occurrence of an outcome, death, switch in therapy, discontinuation of treatment (since cardiovascular drugs are usually dispensed for 1 month, treatment break of >30 days between consecutive prescriptions), or the end of the study period (31 July 2019).
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FIGURE 1. Cohort identification.




Outcomes

The primary outcome was a composite of death from cardiovascular causes or heart failure-related hospitalization. Secondary outcomes were death from any cause, death from cardiovascular cause, all-cause hospitalization, and heart failure-related hospitalization. The outcome of heart failure and cause of death were identified using the International Classification of Diseases (ICD)-9 and ICD-10 codes, respectively (Supplementary Table 1).




STATISTICAL ANALYSIS


Primary Analysis

Baseline patient characteristics were expressed as mean [standard deviation (SD)] for continuous variables and as frequencies (percentages) for categorical variables. To minimize the imbalance arising from confounding between sacubitril/valsartan and enalapril treatment groups, inverse probability treatment weighting (IPTW) using propensity score (PS) was employed. PS was estimated using logistic regression with the treatment group as dependent variable and all confounders as independent variables (22). Potential confounders included age, sex, prior history of diseases (hypertension, diabetes mellitus, ischaemic cardiomyopathy, atrial fibrillation, myocardial infarction, ischaemic heart disease, and ischaemic stroke), Charlson comorbidity index, the number of hospitalization (1 year prior to index date), and the number of past heart failure-related hospitalizations (left-censored to the earliest record in CDARS), recent medication use (prescriptions 1 year prior to index date, including renin-angiotensin-aldosterone system inhibitors, beta-blockers, calcium channel blockers, diuretics, digoxin, antithrombotic therapy, anti-arrhythmic therapy, hypoglycaemic drugs, lipid-lowering drugs, mineralocorticoid antagonists). A standardized mean difference of <0.2 between the treatment groups post-weighting was considered negligible (23).

We used the Kaplan Meier curve to illustrate the clinical outcomes between treatment groups. The risk of hospitalization and death was compared between treatment groups using Cox regression. Since the majority of heart failure burden occurs in those aged above 65 years, we conducted subgroup analysis to investigate the comparative effectiveness stratified by age groups (<65 and ≥65 years). To assess the robustness of results of the primary analysis, sensitivity analyses were conducted using 1:1 PS matching with nearest neighbor method (24). and regression adjustment. The statistical analyses were performed using R 3.6.1 (RStudio, Boston, Massachusetts), and independent crosscheck of analysis was conducted by two co-authors (S.P and V.K.C.Y) for quality assurance.




RESULTS


Patient Characteristics

A total of 44,503 patients received a prescription of sacubitril/valsartan or enalapril between 1 July 2016 and 31 June 2019 Figure 1. Following the exclusion criteria, 2,181 patients on enalapril and 1,056 patients on sacubitril/valsartan were included in the analysis [age, mean (± SD): 74.2 ± 14.6 years; female: 44.2%; Table 1]. Before weighting, patients on enalapril had a higher burden of chronic cardiovascular diseases, except for ischaemic heart disease. However, the proportion of medication use was lower in sacubitril/valsartan users in general. After weighting, the treatment groups in comparison were well-balanced for all the baseline characteristics.


Table 1. Baseline characteristics of cohort adjusted using inverse probability treatment weighting.
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Clinical Outcomes of Sacubitril/Valsartan Compared to Enalapril

The primary outcome composite of death from cardiovascular causes or hospitalization due to heart failure-related causes occurred in 32.6% of sacubitril/valsartan group and 47.3% in enalapril group during the median follow-up of 5.3 months (interquartile range: 1.43–14.6). Sacubitril/valsartan use was associated with lower risk of composite outcome compared with enalapril (sacubitril/valsartan vs. enalapril: 46.7 vs. 60.9 per 100 person-years; HR, 0.58; 95% CI, 0.45–0.75) (Figure 2 and Table 2). Compared with enalapril, sacubitril/valsartan use was associated with lower risk of all-cause mortality (HR, 0.51; 95% CI, 0.36–0.74) and heart failure-related hospitalization (HR, 0.59; 95% CI, 0.45–0.77) (Table 2). There was a trend toward lower risk of all-cause hospitalization (HR, 0.85; 95% CI, 0.70–1.04) and cardiovascular mortality (HR, 0.63; 95% CI, 0.39–1.02) in sacubitril/valsartan group, but this was not statistically significant.


[image: Figure 2]
FIGURE 2. Effect of sacubitril/valsartan on hospitalization and survival in patients with heart failure compared to enalapril.



Table 2. Effect of sacubitril/valsartan on patients with heart failure compared to enalapril (adjusted using inverse probability treatment weighting).
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Subgroup Analyses

Approximately 73% of patients included in the cohort were 65 years and above. The beneficial effects of sacubitril/valsartan remained consistent in older age with lower risk of composite outcome (HR, 0.58; 95% CI 0.42–0.85), death from any cause (HR, 0.53; 95% CI, 0.35–0.80), and heart failure-related hospitalization (HR, 0.60; 95% CI, 0.43–0.84) (Table 3). There was no statistically significant difference in the risk of cardiovascular mortality (HR, 0.63; 95% CI, 0.37–1.08) or all-cause hospitalization (HR, 0.85; 95% CI, 0.67–1.08) between the treatment groups.


Table 3. Subgroup analysis by age (adjusted using inverse probability treatment weighting).
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Sensitivity Analyses

Of the 3,237 patients in the study cohort, 503 patients from each treatment group were successfully matched (Supplementary Table 2). The trend of lower risk for all outcomes did not change with PS matching or unweighted multivariable Cox regression adjustment, with minimal difference in treatment effect (Table 4).


Table 4. Sensitivity analyses.
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DISCUSSION


Study Findings and Comparison With Existing Evidence

This study demonstrates a significant reduction in all-cause mortality and heart failure-related hospitalization with sacubitril/valsartan use in Chinese patients with heart failure compared with enalapril. The results remain consistent to the elderly patient group.

In this population-based, comparative effectiveness study using territory-wide EMR, the patient population had a higher proportion of women, older patients and comorbidities compared to the PARADIGM-HF trial. Given the stringent trial criteria, real-world evidence is important and complements the findings of the randomized controlled trials. In the current literature, patients on sacubitril/valsartan were slightly younger with fewer comorbidities and better health status compared with enalapril users, which is congruent with previous retrospective observational studies in the Western populations (12, 25). However, in our study, the proportion of recent medication used for chronic illness control was higher in the sacubitril/valsartan group. Since sacubitril/valsartan is indicated for stage II-IV patients with HFrEF who remain symptomatic despite treatment with other standard heart failure therapy, the majority of patients are likely to have higher medication use in the sacubitril/valsartan group.

In the PARADIGM-HF trial, sacubitril/valsartan reduced the risk of composite outcome of cardiovascular mortality or heart failure hospitalization by 20% compared with enalapril (1). A recent cohort study involving 7,893 patients with HFrEF in the US also demonstrated reduction in death and hospitalization with sacubitril/valsartan use compared to ACEI/ARB (12). However, the Asian population was under-represented in both studies, accounting for only 18% of the trial population (9) and only 2% of the retrospective cohort study (12). Notably, the treatment effect of sacubitril/valsartan did not reach statistical significance for the primary outcome (HR, 1.39; 95% CI, 1.06–1.80) for the Asia-Pacific region (9). Further, there are noticeable differences in the patient characteristics between ethnicities regarding HFrEF (17). In the real-world setting, eligibility for the medication may differ. For example, 24% of the HFrEF cohort was eligible to receive ARNI in the Swedish registry (6).

To date, one cohort study from Taiwan (N = 932) was conducted in Asia, in which sacubitril/valsartan plus standard care was associated with 34% reduction of the composite outcome compared to the standard care without sacubitril/valsartan (26). However, the outcomes were not adjusted for any potential confounding factors, neither using traditional regression nor PS methods. In our study of more than 3,000 patients who were more than 10 years older than the Taiwanese cohort, we observed an association of risk reduction of 41% for the same composite outcome in sacubitril/valsartan group compared to enalapril. This provides further evidence of effectiveness of sacubitril/valsartan in the management of heart failure in the Asian population.

Hospitalization is a strong predictor of survival and quality of life in patients with heart failure (27). Previous studies also demonstrated cost-effectiveness of sacubitril/valsartan compared to ACEI/ARB, with lower hospitalization rate and healthcare costs (13, 28). Compared to the 44% reduction in the risk of heart failure hospitalizations in US (13), use of sacubitril/valsartan compared with enalapril was associated with similar reduction in the risk of heart failure-related hospitalization in this study. In addition to the beneficial effect on hospitalization due to heart failure, sacubitril/valsartan use is also associated with lower risk of death from any cause compared with enalapril. Therefore, sacubitril/valsartan could offer improved patient outcomes and optimize healthcare resource utilization.

The use of sacubitril/valsartan in the elderly population is less studied (9, 29). The risk of mortality is higher in patients with heart failure >65 years compared to non-elderly patients (30). Patients in our study cohort were almost 12 years older than that of the PARADIGM-HF trial population, with nearly three-quarters over 65 years (1). The older population continued to benefit from the effects of sacubitril/valsartan. Further studies focusing on the safety of sacubitril/valsartan in the older population, in patients with renal dysfunction and potential barriers for the clinical adoption of sacubitril/valsartan should be carried out.




LIMITATIONS

This study has several limitations. Firstly, due to the retrospective nature of the study using electronic medical databases, there is potential for selection bias and unmeasured residual confounding. To minimize this potential prescribing bias arising from confounders between the treatment groups, IPTW was employed. The analysis was repeated by using multivariable Cox regression and PS matching that consistently support the robustness of the primary analysis. Secondly, since echocardiography information was not available from the study dataset, we could not distinguish the subtypes of heart failure. However, since sacubitril/valsartan is currently indicated only for symptomatic HFrEF management, patients with a prescription record of sacubitril/valsartan were taken to have a diagnosis of HFrEF. Future studies are warranted with long-term follow-up informing the safety and effectiveness of sacubitril/valsartan compared to other standard HFrEF treatment.



CLINICAL IMPLICATIONS

This study provides evidence to support the effectiveness of sacubitril/valsartan in a cohort comprised of an older (mean age, 74 vs. 63.8 years in the PARADIGM-HF trial), more often women (44 vs. 22%) Asian population with heart failure (1). Despite the observed differences in patient characteristics between trial population and real-world population, sacubitril/valsartan was associated with better clinical outcomes in patients with heart failure compared with enalapril. Hence, our study indicates that benefits observed in PARADIGM-HF trial could be translatable to a representative population of Asian patients with heart failure.

Switching from ACEI or ARB to sacubitril/valsartan in stable HFrEF showed improvements in cardiac structure and function and reduction in healthcare utilization in primary care in recent prospective observational studies (31, 32). The lower risk of heart failure-related hospitalization and all-cause mortality remain consistent in the older population in our study. We recommend the initiation of sacubitril/valsartan in all patients eligible for ARNI with careful safety monitoring. Caution should be exercised in older patients during initiation and dose titration due to potential side effects, including systolic hypotension which may lead to falls.



CONCLUSION

In Chinese patients with heart failure, sacubitril/valsartan users showed lower risks of heart failure-related hospitalization and all-cause mortality compared with enalapril users, including patients ≥ 65 years of age. Sacubitril/valsartan should be initiated in patients eligible for ARNI to obtain optimal pharmacological treatment. Further studies investigating the long-term safety and effectiveness of sacubitril/valsartan are needed.
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