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Background: Definitions of declined left ventricular ejection fraction (LVEF) vary across studies and research results concerning the association of mortality with declined LVEF are inconsistent. Thus, this study aimed to assess the impact of early worsening LVEF on mortality in patients with heart failure (HF) with preserved ejection fraction (HFpEF) and to establish independent predictors of early worsening LVEF.

Methods and Results: A total of 1,418 consecutive patients with HFpEF with LVEF remeasurement from the Cardiorenal Improvement registry were included in this study. Worsening LVEF was defined as an absolute decline ≥ 5% from baseline LVEF within 3 to 12 months after discharge. The Cox and logistic regression analyses were performed to assess prognostic effects and predictors for worsening LVEF, respectively. Among 1,418 patients with HFpEF, 457 (32.2%) patients exhibited worsening LVEF. During a median follow-up of 3.2 years (interquartile range: 2.3–4.0 years), 92 (6.5%) patients died. Patients with HFpEF with worsening LVEF had higher mortality relative to those with nonworsening LVEF [9.2 vs. 5.2%; adjusted hazard ratio (aHR): 2.18, 95% CI: 1.35–3.52]. In the multivariate binary logistic regression analysis, baseline left ventricular end-diastolic dimension (LVEDD), LVEF, high-density lipoprotein cholesterol (HDL-C), atrial fibrillation (AF), and diabetes mellitus (DM) emerged as predictive factors of worsening LVEF.

Conclusion: This study demonstrated that about one out of three patients with HFpEF experiences worsening LVEF during follow-up, which is associated with 2.2-fold increased mortality. Increased LVEDD and LVEF, low HDL-C levels, AF, and DM were predictors of worsening LVEF. Further studies are needed to prospectively assess the efficacy of early active management on prognosis in patients with HF with worsening LVEF.

Registration: ClinicalTrials.gov, identifier NCT04407936.
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GRAPHICAL ABSTRACT. Incidence, predictors, and mortality for worsening LVEF in patients with HFpEF.


INTRODUCTION

Heart failure (HF) with preserved ejection fraction (HFpEF) affects nearly 20 million people worldwide, confers substantial morbidity, and significantly contributes to healthcare costs (1–3). Clinicians may have the preconception that HFpEF has a better prognosis than HF with reduced ejection fraction (HFrEF), but many studies have shown that HFpEF has similar or even higher mortality than HFrEF (4, 5). However, reliable risk stratification systems for patients with HFpEF are still lacking, which make it difficult for physicians to intervene and treat high-risk patients (6). Therefore, identifying high-risk patients with HFpEF based on modifiable and readily accessible clinical risk factors are essential to perform effective management and interventions to reduce mortality.

Recently, modest changes in left ventricular ejection fraction (LVEF) values have been validated as a good prognostic indicator in the general population (7) and may also be effective for patients with HFpEF. Previous studies focusing on declining LVEF represented it as a “transition phenotype” leading to HFrEF, but in fact, only a small proportion of patients with HFpEF show such a decline (8, 9). Furthermore, studies addressing the association of declined LVEF and mortality reported heterogeneous (9, 10). Thus, further studies are needed to verify the impact of LVEF decline on outcomes in patients with HFpEF.

Accordingly, we conducted a retrospective cohort study to assess the impact of early worsening LVEF (defined as an absolute decline ≥ 5% from baseline LVEF between 3 and 12 months after discharge) on mortality in patients with HFpEF and to establish independent predictors of worsening LVEF.



METHODS


Study Population

We consecutively screened 21,958 patients with HF undergoing coronary angiography (CAG) from January 2007 to December 2018 at the Guangdong Provincial People's Hospital-Cardiorenal Improvement Registry (CIN, ClinicalTrials.gov NCT04407936). Of those, 9,053 patients diagnosed with HFpEF (LVEF ≥ 50%) were initially included in this study. HF was diagnosed when meeting one of these criteria: (i) the New York Heart Association (NYHA) class > II or Killip class > I (11); (ii) LVEF < 40%; and (iii) N-terminal pro-B-type natriuretic peptide (NT-proBNP) > 450 pg/ml (age < 50 years), NT-proBNP > 900 pg/ml (age 50 to 75 years), and NT-proBNP > 1,800 pg/ml (age > 75 years) (12, 13). The exclusion criteria were as follows: (a) LVEF remeasurement not acquired within 3 to 12 months after discharge and (b) missing follow-up data (Figure 1). Finally, 1,418 patients were included. The cohort was subsequently divided into the worsening LVEF and nonworsening LVEF groups based on changes in ECG parameters. This study conformed to the principles outlined in the Declaration of Helsinki and was approved by the Guangdong Provincial People's Hospital Institutional Review Board. The Ethics Committee of the hospital waived the requirement of a written informed consent for participation because our review was a retrospective study that involved coded of data reuse.
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FIGURE 1. Patient flow diagram.




Data Collection

We retrieved all the clinical data of the enrolled patients during their first hospitalization from the database of the Guangdong Provincial People's Hospital including demographic characteristics, medical history, procedures, laboratory tests, echocardiography, and use of medications (discharge). Specifically, LVEF values were acquired by quantitative two-dimensional Simpson's biplane method through the end-diastolic and end-systolic apical 4- and 2-chamber views by using transthoracic echocardiography (14). Remeasurement of LVEF was performed over 3–12 months after hospitalization by the same method. When the same patient reported more than two LVEF remeasurements, the last assessments were considered to calculate the change in LVEF.



Definitions and Outcomes

Worsening LVEF was defined as an absolute decrease ≥ 5% in LVEF from baseline between 3 and 12 months after discharge. The estimated glomerular filtration rate (eGFR) was calculated by the Modification of Diet in Renal Disease (MDRD) formula and chronic kidney disease (CKD) was defined as eGFR < 60 ml/min/1.73 m2 (15). Coronary artery disease (CAD), acute myocardial infarction (AMI), hypertension, diabetes mellitus (DM), and atrial fibrillation (AF) were defined by using the International Classification of Diseases-10 (ICD-10) codes. The primary endpoint of this study was all-cause mortality. Data on all-cause mortality and follow-up time were obtained from the Guangdong Provincial Public Security and matched to the electronic Clinical Management System of the Guangdong Provincial People's Hospital records.



Statistical Analysis

Baseline characteristics are presented as means ± SD or median [interquartile ranges (IQRs)] for continuous variables as appropriate and as number (percentage) for categorical variables. The Student's t-test, the Kruskal–Wallis test, and the chi-squared test were used to compare differences between groups as appropriate. Schoenfeld residuals were applied to examine the proportional hazards assumption, the Kaplan–Meier curves were used to present time-to-event data, and log-rank tests were applied to compare survival between groups. The multivariate Cox proportional hazards regression analysis was performed to identify the hazard ratio (HR) and 95% CIs for associations of worsening LVEF with all-cause mortality. To determine the predictors of worsening LVEF, candidate variables were selected based on clinical plausibility and significance on the univariate analyses (P < 0.3) and then entered into the multivariate binary logistic regression model by using the backward Wald stepwise regression method (Table 3). A two-sided P < 0.05 indicated significance for all the analyses. All the statistical analyses were performed by using R software (version 4.0.3).




RESULTS


Baseline Characteristics

A total of 1,418 patients with HFpEF were included, among which 457 (32.2%) patients with HFpEF experienced worsening LVEF (mean age, 60.9 ± 10.3 years; 38.29% female) and 961 patients with HFpEF did not experience worsening LVEF (mean age, 60.0 ± 10.1 years; 35.59% female). The worsening LVEF group had higher baseline LVEF, larger left ventricular end-diastolic dimension (LVEDD), and lower re-evaluated LVEF than the nonworsening LVEF group (P < 0.05 for all the parameters). There were no significant differences between the groups for all the comorbidities, medications at discharge, and other laboratory examinations (Table 1).


Table 1. Baseline characteristics of patients with HFpEF with and without worsening LVEF.
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Outcomes

During a median follow-up of 3.2 years (IQR: 2.3–4.0), 92 (6.5%) patients died. The Kaplan–Meier curve depicting mortality rates for patients with or without worsening LVEF is shown in Figure 2. Worsening LVEF occurred predominantly in patients with an LVEF of 60 to 84% at baseline. In general, patients with HFpEF who developed worsening LVEF had a relatively higher mortality (Figure 3). Additional measurements and the trajectory of worsening LVEF and eventual mortality among patients with HFpEF with different LVEF categories at baseline are given in Figure 3. After controlling confounders, the worsening LVEF group was associated with an increased risk of mortality compared to patients with nonworsening LVEF (9.2 vs. 5.2%, respectively; adjusted HR: 2.18, 95% CI: 1.35–3.52; Table 2).


[image: Figure 2]
FIGURE 2. Worsening left ventricular ejection fraction (LVEF) and risk of mortality. The Kaplan–Meier curves for all-cause mortality in patients with heart failure with preserved ejection fraction (HFpEF) with and without worsening LVEF.
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FIGURE 3. The trajectory of worsening LVEF and eventual mortality in patients with HFpEF.



Table 2. The Cox regression analysis with risk factors for all-cause mortality in patients with HFpEF.
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Predictors of Worsening LVEF

The mean LVEF of worsening patients with LVEF dropped from 65.1 ± 7.2 to 53.5 ± 10.5 within 3 to 12 months after discharge. In the multivariate binary logistic regression analysis [including LVEDD, LVEF, high-density lipoprotein cholesterol (HDL-C), NT-proBNP, AF, AMI, DM, beta-blocker, and angiotensin-converting enzyme inhibitor/angiotensin receptor blocker (ACEI/ARB)], LVEDD [odds ratio (OR): 1.05, 95% CI: 1.03–1.06], LVEF (OR: 1.14, 95% CI: 1.12–1.17), HDL-C (OR: 0.60, 95% CI: 0.38–0.94), AF (OR: 1.69, 95% CI: 1.28–2.25), and DM (OR: 1.51, 95% CI: 1.07–2.13) were detected as independent risk factors of worsening LVEF (Table 3).


Table 3. The univariate and multivariate logistic regression analysis of worsening LVEF.
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DISCUSSION

To the best of our knowledge, this is the first cohort study to examine the association of early worsening LVEF with mortality in patients with HFpEF and to establish independent predictors of worsening LVEF. The principal finding was that approximately one-third of patients with HFpEF would experience worsening LVEF, which was associated with a 2.2-fold increased risk of mortality. In addition, we found that increased LVEDD and LVEF, low HDL-C levels, AF, and DM were predictors of worsening LVEF.

In light of the present findings, the primary issue to be emphasized is the incidence of worsening LVEF. In this study of patients with HFpEF, 32.2% patients developed worsening LVEF, defined as an absolute decline in LVEF ≥ 5% from baseline 3 to 12 months after discharge. Analogously, Dunlay et al. reported that 38.5% of patients in a cohort of 559 patients in the USA had a decline in LVEF to < 50% in a 5-year follow-up after diagnosis of HFpEF (10). Likewise, after evaluating patient data from international registries, Savarese et al. reported that 39% of patients with HFpEF progress to LVEF < 50% (16). However, Park et al. reported that in a Korean cohort of 471 patients, only 9.6% of patients with HFpEF developed an LVEF < 50% at a 1-year follow-up (8). Similarly, Lupón et al. concluded that only 11.1% of 126 patients with HFpEF in Spain developed an LVEF < 50% during an 11-year follow-up, which suggested that most patients with HFpEF tend to maintain their HF prototype over time (9). Previous studies focusing on declining LVEF represented it as a “transition phenotype” leading to HFrEF, but in fact, only a small proportion of patients with HFpEF show such a decline. In this study, early, modest worsening LVEF occurred mainly in the population with an LVEF of 60 to 84% at baseline. The correlation between baseline LVEDD and baseline LVEF might seem a priori inconsistent. This may be one of the potential reasons why patients with an LVEF ≥ 70% are also prone to worsening EF. However, despite its importance, physicians are often unaware of the occurrence of early, modest worsening LVEF, which, thus, remains frequently unmanaged. Accordingly, it is necessary to regularly screen for early and modest worsening LVEF and explore the associated risk factors.

Few studies have comprehensively analyzed risk factors for worsening LVEF. In this study, higher baseline LVEDD is validated as an independent predictor of early worsening LVEF occurring 3 to 12 months after discharge. Recently, Abe et al. indicated that LVEDD was an independent predictor of recovered LVEF, defined as LVEF < 40% during hospitalization with progression to > 50% after a mean follow-up of 4 months (17). This proves finding supports the idea that LVEDD is related to LVEF trajectory in patients with HF. We also find it interesting that higher baseline LVEF is associated with an increased risk of worsening EF, which may be related to poor management of diet and exercise in these patients. On the other hand, a higher baseline HDL-C level is recognized as a protective factor for cardiovascular events (18). However, our results contrast with those of Karadag et al., who indicated that low HDL-C levels were not related to LVEF among patients with an LVEF ≤ 35% (19). However, the latter study should be interpreted with caution given its small sampling (n = 109) and the fact that it focused on high-risk patients (LVEF ≤ 35%). In addition, the presence of AF and DM are also potential predictors of worsening EF, which stresses for clinicians the need to pay attention to these indications and take the necessary precautions.

Another issue that should be remarked is the risk of mortality associated with early declining LVEF. In this study, worsening LVEF was associated with a 2.2-fold increased risk of mortality relative to nonworsening LVEF. Few studies have examined the prognostic impact of early worsening LVEF in patients with HF. Dunlay et al. reported that a 5% decline in LVEF during 5-year follow-up was associated with a 7% increased risk of mortality among patients with HFpEF (10). However, it is often difficult for clinicians to monitor LVEF variations for extended period. Kalogeropoulos et al. showed that patients whose LVEF transitioned from ≥ 40 to < 40% had subsequently a 5-fold higher mortality compared with those who maintained an LVEF ≥ 40% (20). Park et al. reported that a decline in LVEF to < 50% in patients with HFpEF was associated with an 82% increased risk of 4-year mortality (8). However, the results of the two aforementioned studies contrast with those of Lupón et al., who found, albeit in a small population sample, that a decline of LVEF to < 50% in patients with HFpEF was not associated with an increased mortality (9). One possible explanation for the poor prognosis of worsening LVEF is that “the term chronic stable HF is misleading, if cardiac structure and function remain deranged, even if symptoms have stabilized or no longer evident” (9). A likely contributor to the higher mortality of patients with HFpEF with LVEF decline is an heterogeneous pathophysiology, which often combines multiple comorbidities such as myocardial amyloidosis, hypertrophic cardiomyopathy, and cardiac sarcoidosis, making the diagnosis and treatment challenging (21). In addition, left ventricular longitudinal strain (LS) has emerged as a more accurate index to evaluate systolic function and predict prognosis (22). Both the exercise-induced B-lines assessing pulmonary congestion and the MEtabolic Road to DIAstolic Heart Failure (MEDIA) echocardiographic score were shown to independently predict prognosis and improve risk stratification in patients with HFpEF (23, 24). However, the latter were rarely measured in our cohort because of extra costs and infrequent application of these assessments in clinical practice. Thus, the evaluation of worsening LVEF seems to be best suited to the medical resources of developing countries. With these caveats in mind, further studies are clearly needed to clarify the relationship between worsening LVEF and mortality.

The 2020 American College of Cardiology/American Heart Association (ACC/AHA) guidance for HF emphasizes the management of HFrEF and fewer recommendations are provided in relation to HFpEF management (25). This study suggests that once diagnosed with HFpEF, patients should be re-evaluating LVEF at least annually. For these patients, a drop in LVEF ≥ 5% signals a danger warning that must be addressed by clinicians by adjusting treatment and management to avoid premature mortality. Overall, early diagnosis potentially optimizes the risk stratification of patients with HF with dynamic LVEF deterioration and provides elements to guide subsequent interventions of secondary prevention. Regarding treatment strategies, angiotensin receptor-neprilysin inhibitor (ARNI) and sodium glucose cotransporter-2 inhibitors (SGLT2i) have been listed as first-line medications by institutional guidelines and evidence-based medicine (26, 27). On the other hand, patients education on self-care practices and lifestyle advice are key measures to prevent the progression and improve the prognosis of HF. For instance, weight loss and exercise can improve LVEDD, cardiac activity, and quality of life to prevent worsening LVEF (28–31). Of note, nutritional supplementation of high-quality protein was suggested to prevent to some extent the progression of worsening LVEF (32).



LIMITATIONS

Some limitations of this study should be considered. This was a single-center study, so its findings should be extrapolated cautiously to other settings. Although extensive adjustments were performed, we cannot rule out the influence of potential residual confounding factors. Besides, since LVEF remeasurements were clinically driven and different clinical events may alter the frequently of surveillance for LVEF, potential bias may have been introduced. We also acknowledge that a 5% decrease in EF is relatively small, but our results still suggested that early worsening LVEF is associated with a poorer prognosis. Moreover, we evaluated only all-cause mortality as the endpoint of the study and did not assess other dimensions of potential prognostic significance (e.g., readmission and quality of life). Therefore, larger prospective randomized controlled trials are needed to examine whether the application of treatment measurements targeting early LVEF declines will improve the prognosis of patients with HFpEF.



CONCLUSION

This study indicated that approximately one out of three patients with HFpEF experiences worsening LVEF, which is associated with a 2.2-fold increased mortality. Increased LVEDD and LVEF, low HDL-C levels, AF, and DM were all the predictors of worsening LVEF in our patients cohort. While further studies are clearly needed to prospectively assess the efficacy of early active management on prognosis in patients with HF with worsening LVEF, physicians should pay close attention to signs of early worsening LVEF in patients with HFpEF and promptly implement early effective management.
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