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Background: Anemia is a common complication in patients with heart failure and is associated with left ventricular systolic dysfunction. However, its role in right ventricular (RV) function has not been evaluated.



Methods: We retrospectively analyzed the electronic medical data of 1,014 Heart Failure with Preserved Ejection Fraction (HFpEF) patients to evaluate the relationship between anemia and RV dysfunction in patients with HFpEF and whether this relationship is influenced by classical risk factors such as smoking and hypertension.



Results: The study showed that anemic patients were older and had significantly higher New York Heart Association functional class and tricuspid regurgitation (TR) than non-anemic patients. The level of hemoglobin (Hb) had a weak negative linear correlation with NT-pro-BNP (log-transform, r = 0.30, P < 0.0001) and a positively correlation with the tricuspid annular plane systolic excursion (TAPSE)/pulmonary arterial systolic pressure (PASP) ratio (r = 0.44, P < 0.0001). Multivariate linear regression analysis shows that the degree of anemia, atrial fibrillation, and TR were independently associated with the TAPSE/PASP ratio.



Conclusion: Anemia in HFpEF is associated with RV dysfunction, and this relationship is not affected by classical risk factors, such as smoking, hypertension, and diabetes.
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Introduction

There is increasing recognition of the crucial role of the right ventricle (RV) in determining functional status and prognosis in multiple conditions (1–3). RV dysfunction (RVD) is mainly determined by the chief underlying process, including pressure overload, volume overload, or a primary myocardial process (4). Studies have indicated that RV pressure overload, most commonly secondary to pulmonary hypertension (PH), and myocardial insults from various etiologies lead to predominantly end-systolic and early diastolic flattening of the interventricular septum, and eventually, progressive RV dilation and dysfunction in heart failure reduced ejection fraction (HFrEF) (5, 6). However, right heart dysfunction due to afterload mismatch caused by impaired RV systolic function and PH is equally common in patients with HFpEF (7). More insights into the development of RVD in HFpEF may aid to our knowledge about this disease and ultimately contribute to better treatments to improve outcomes in these patients (8).

Identifying comorbidities that can influence the clinical course and response to treatment is very important in the management of heart failure (HF). In fact, a substantial percentage of hospitalizations in patients with HF are non-HF related and are not precipitated by a cardiac condition in more than half of cases (9–11). Anemia is a common comorbidity in patients with HF with an estimated approximately 30%–50% of patients with HF meeting World Health Organization (WHO) anemia thresholds [i.e., hemoglobin (Hb) <13.0 g/dl in men and <12.0 g/dl in women], which is associated with reduced ventricular free wall deformation and contractile reserve, and poor prognosis in patients with HF (12, 13). Anemia contributes to the morbidity, deterioration, and mortality of HF through several mechanisms, including increasing blood volume and cardiac workload, exacerbating myocardial hypoxia, and promoting cardiac enlargement (14). However, the vast majority of studies focused on the impact and role of anemia for left ventricular (LV) dysfunction, the investigation on association between anemia and RV impairment is very rare (15, 16).

Based on this literature review, we examined the effect of anemia on RV contractile performance and RV-pulmonary artery coupling in patients with HFpEF and explored the possible cause of RVD in this HF classification. These results may partly explain the mechanism by which anemia deteriorates cardiac function in HFpEF patients.


Clinical significance


	•The RV plays a crucial role in determining the functional status and prognosis of a variety of diseases. RVD caused by impaired RV systolic function and afterload mismatch caused by PH is common in HFpEF patients and is an important factor leading to poor prognosis of HFpEF.

	•In the management of HF, identifying comorbidities that can influence the clinical course and response to treatment is crucial.

	•Anemia is a common comorbidity in patients with HF and is associated with poor prognosis in patients with HF. However, the vast majority of studies have focused on the impact and role of anemia in LV dysfunction, and investigations on the association between anemia and RV impairment are rare.

	•We explored the correlation between anemia and RV function in patients with HFpEF to elucidate the possible mechanism by which anemia affects the prognosis of HFpEF and provide a new target to optimize secondary prevention strategies for HF.






Methods

We retrospectively analyzed consecutive 1,014 HF patients in the Department of Cardiovascular Medicine, Chongqing Hospital of Traditional Chinese Medicine from August 1, 2018 to October 1, 2020. The inclusion criteria were as follows: history, signs, symptoms, and treatment for HFpEF. Patients with HFpEF were selected according to the Chinese Guidelines for the diagnosis and treatment of Heart Failure 2018 (17). The diagnostic criteria for HFpEF are as follows: (1) presence of HF as defined by Framingham criteria, (2) left ventricular ejection fraction ≥50%, (3) NT-proBNP >125 pg/ml, and (3) transthoracic echocardiography meets at least one of the following diagnostic criteria (1) left ventricular hypertrophy and/or left atrial enlargement, and (2) ratio of early diastolic mitral inflow velocity (E) to early diastolic mitral annulus velocity (e') ≥ 13 and/or mean value of e' (interventricular septum and left ventricular lateral wall) <9 cm/s. Exclusion criteria were: previous heart transplantation or heart valve surgery, history of LV ejection fraction (LVEF) <40% reduction, congenital heart disease, acute or chronic hemorrhagic anemia, hematological tumors, severe infection, lack of relevant laboratory indicators, or lack of data to calculate the tricuspid annular plane systolic excursion (TAPSE)/pulmonary arterial systolic pressure (PASP) ratio. Thus, the final cohort included 388 HFpEF patients (Figure 1). Patients were divided into anemia and no anemia groups based on whether their Hb levels met the WHO anemia thresholds (i.e., male Hb <13.0 g/dl, female Hb <12.0 g/dl). The severity of anemia was classified according to Practical Internal Medicine, with mild anemia defined as an Hb level lower than normal but greater than 9.0 g/dl, moderate anemia defined as between 6.1 and 9.0 g/dl, and severe anemia defined as less than 6.1 g/dl (18). The study conformed to the principles outlined in the Declaration of Helsinki and was approved by the Institutional Review Board of Chongqing Traditional Chinese Medicine Hospital (Approval No. 2022-KY-KS-WJ) as posing minimal risk to patients, and was performed under a waiver of informed consent.
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FIGURE 1
Flow of participants through the study.


The following data were retrieved from the medical records: demographics, length of hospital stay, smoking history, comorbidities, New York Heart Association (NYHA) functional class, hemodynamics, and laboratory indicators. The admission value for all clinical measurements, and laboratory indicators was defined as the first value recorded from blood collection in the fasting state within 2 days of admission.

The echocardiogram data of Chongqing Hospital of Traditional Chinese Medicine were queried and the transthoracic echocardiogram data closest to the admission date were recorded. Transthoracic echocardiography was evaluated by GE-Vivid 7 Dimension (Vingmed, Horton, Norway). Each patient's LVEF was first assessed following the biplane Simpson's rule, and if not applicable, a two-dimensional or visually assessed LVEF was selected. TAPSE was measured by M-mode according to the American Society of Echocardiography, and the peak shift (mm) of the tricuspid annulus from end-diastolic to systolic was its value. RV systolic pressure was determined by measuring tricuspid regurgitation (TR) jet velocity according to the simplified Bernoulli equation and was considered to be approximately equal to PASP because the subject didn't have RV outflow tract obstruction. RV-pulmonary artery coupling was calculated by the ratio of TAPSE to echocardiography-derived PASP. The severity of TR was assessed semi-quantitatively based on the vena contracta width and density of the continuous wave signal (19).

Continuous and categorical variables are reported as mean ± SD and percentage, respectively. Comparisons between the groups (anemia vs. no anemia) were performed using unpaired t-test or Wilcoxon Rank-Sum Test for continuous variables and chi-square test for categorical variables. Linear regression analysis evaluated the relationship between hemoglobin levels and NT-pro-BNP (log-transformed) and the TAPSE/PASP ratio. Univariate and multivariate linear regression analyses were used to determine predictors of the TAPSE/SPAP index, and results were reported with standardized β-coefficients, t-values, and P-values. In the multiple linear regression analysis, we further examined the interaction of the degree of anemia with age and sex. A significance level of bilateral P < 0.05 was considered to be statistical meaning. Analysis of data utilizing IBM SPSS Statistics software, version 23.



Results

The study population comprised 388 patients with a mean age of 75.7 ± 10.2 years, of whom 158 (40.7%) were men. Table 1 and Table 2 shows the patients' baseline characteristics in the study cohort according to the presence of anemia. Anemia was present in 215 patients (55.4%). The mean LVEF, TAPSE, PASP and TAPSE/PASP ratio were 62.0 ± 7.9%, 18.7 ± 5.2 mm, and 33.9 ± 15.0 mm/Hg, and 0.68 ± 0.40 respectively. Overall, Patients with anemia (n = 215) were older and had a significantly higher NYHA functional class and degree of TR than those without anemia. No substantial differences were observed in sex, smoking history, heart rate, systolic blood pressure, or the prevalence of diabetes or hypertension between patients with and without anemia. Moreover, patients with anemia had a longer hospital length of stay and displayed a history of atrial fibrillation more often. In terms of laboratory indicators, anemia patients showed lower values of alanine aminotransferase (ALT), triglyceride (TG), total cholesterol (TC), high-density lipoprotein (HDL), and low-density lipoprotein (LDL), and higher values of fibrinogen (FIB), C-reactive protein (CRP), and NT-pro-BNP. We found no differences in the aspartate aminotransferase (AST) levels (Table 2). Regarding echocardiographic parameters, patients with anemia exhibited higher left atrial diameter (LAD) values, lower TAPSE values, and a significantly decreased TAPSE/PASP ratio (P < 0.0001). Furthermore, PASP significantly increased (P < 0.0001), whereas LVEF was not significantly different (Table 2).


TABLE 1 Baseline demographic and clinical characteristics of the patients according to the presence of anemia.
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TABLE 2 Baseline laboratory and echocardiographic characteristics of the patients according to the presence of anemia.
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The relationship between the TAPSE/PASP ratio and Hb level, degree of TR, and NYHA functional class is shown in Figures 2, 3. Hb was weakly negatively linearly correlated with NT-pro-BNP (log-transformed, r = 0.30, P < 0.0001) and positively linearly correlated with TAPSE/PASP ratio (r = 0.44, P < 0.0001), as shown in Figure 2. As shown in Figure 3A, the TAPSE/PASP ratio was significantly lower in patients with moderate and mild anemia than in those without anemia (P < 0.0001). The TAPSE/PASP ratio was significantly lower in patients with moderate and severe TR than in patients with mild TR (P < 0.0001) (Figure 3B). In addition, there was an inverse relationship between the TAPSE/PASP ratio and NYHA functional class, and the TAPSE/PASP ratio decreased as the severity of the NYHA functional class increased (Figure 3C).


[image: Figure 2]
FIGURE 2
Relationship between serum NT-pro-BNP and hemoglobin concentration (left). Relationship between TAPSE/PASP ratio and hemoglobin concentration (right).
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FIGURE 3
Relationship of the TAPSE/PASP ratio with degree of anemia, TR severity and NYHA functional class. Scatterplots show TAPSE/PASP ratio stratified by (A) Degree of anemia, (B) TR severity and (C) NYHA functional class. Line in panels A-C indicate median and interquartile range. *P < 0.05, ** P < 0.01, *** P < 0.001, ****P < 0.0001. NYHA, New York heart association; TR, tricuspid regurgitation; TAPSE, tricuspid annular plane systolic excursion; PASP, pulmonary arterial systolic pressure.


The important univariate correlations with the TAPSE/PASP ratio are shown in Table 3. The degree of TR was significantly negatively correlated with the TAPSE/PASP ratio in univariate analysis and remained a strong predictor of the TAPSE/SPAP ratio in the multivariate model (Table 3). In addition, the degree of anemia and atrial fibrillation were inversely associated with the TAPSE/PASP ratio in the univariate analysis and the remaining predictors of the TAPSE/SPAP ratio in the multivariate models (Table 3). The effect modification by sex or baseline age of the association between the degree of anemia and the TAPSE/SPAP ratio was not statistically significant (P > 0.05) based on the tests of interactions (data not shown).


TABLE 3 Univariate and multivariate covariates of TAPSE/PASP ratio in linear regression analyses.
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Discussion

In HF syndrome, the RV plays an increasingly recognized role in determining symptoms and outcomes in scenarios such as ischemic and nonischemic HF with either reduced or preserved ejection fraction (3, 8, 20). A large number of previous studies have focused on HFrEF, in which the mechanism of RVD is relatively clear. On the one hand, the left and right ventricles share myocardial fibers and interventricular septum, the left ventricle provides about 20%–40% of the contractile force to the RV, which further leads to the dysfunction of the RV when the left ventricle has systolic dysfunction (4). On the other hand, pulmonary hypertension (PH) leads to increased pulmonary circulatory resistance, and long-term after overload leads to RV remodeling and dysfunction (21). However, the patients with HFpEF rarely have myocardial systolic dysfunction and PH and there are also some clinical investigations which suggest that RVD may be present in up to one third of patients with HFpEF (22). At present, the main mechanism of RVD is caused by increased RV afterload and decreased pulmonary artery compliance due to elevated LA pressure, but HFpEF may also lead to RVD through a variety of other mechanisms (7). A deeper understanding of RVD in HFpEF could enhance our knowledge of the disease and potentially lead to improved treatments and outcomes for patients.

There is consensus that poor outcomes in patients with HF, including increased HF hospitalization rates and higher overall and cardiovascular mortality, are closely related to comorbidity in addition to dysfunction of the heart itself (23, 24). These comorbidities not only complicate the course of patients with HF but also has a substantial impact on the management of patients. Therefore, various clinical diseases that accompany HF are worthy of exploration for further optimization of secondary prevention strategies.

Anemia has been recognized as an important and common comorbidity in patients with HF, which is associated with adverse outcomes such as worse quality of life, increased hospitalization and mortality (25–27). The prevalence of anemia has been statistically ≈30% in stable patients and ≈50% in hospitalized patients with HF, with some reports describing higher prevalence rates (28, 29). In the studies of anemia and HF, most of them are discussed based on the effect and role of anemia on LV dysfunction. It is generally believed that in anemia, blood oxygen-carrying capacity decreases, tissue oxygen delivery is impaired, and cardiac output and blood flow compensatory increase improve hypoxia state, resulting in volume overload and flow overload (14, 16). Long-term flow/volume overload and cardiac work can induce eccentric LV hypertrophy (14). In addition, the increased sympathetic nerve activity of anemia can reduce renal blood flow, leading to water and sodium retention, increasing cardiac preload and further impairing LV function (30, 31). Studies have reported that anemia may contribute to HF by increasing LV filling pressure and left atrial enlargement, even in the absence of an underlying cardiovascular history (15). However, the correlation between anemia and RV function has been neglected and rarely reported.

Therefore, we further explored the correlation between anemia and RV function in patients with HFpEF to elucidate the possible mechanism by which anemia affects HFpEF prognosis. Considering that in the evaluation of RV function, the degree of coupling (or lack thereof) to the pulmonary circulation reflects the adequacy of RV contractility adaptation to afterload, RV-pulmonary artery coupling has become a comprehensive index to measure RV function (4). Although the comparison of Ea and Ees is the standard method of RV-pulmonary artery coupling assessment, its clinical application is limited by the invasive nature of right heart catheterization and the complexity of the calculation (32). Therefore, we estimate RV-pulmonary artery coupling by the ratio of TAPSE (as a surrogate of contractility) and PASP (as a surrogate of afterload), a simplified approach that has been proven to have a tight correlation with Ees/Ea and has been widely used clinically in recent years (33–35).

It is worth to note that Minana et al. explored the relationship between RV function and iron deficiency (ID) in patients with acute heart failure in their study, and found that transferrin saturation, a surrogate indicator of ID, was independently associated with lower TAPSE and TAPSE/PASP, but not with LVEF and PASP, confirming that ID was associated with RV dysfunction (36). However, because ID is only an important cause of anemia, it cannot explain all anemia phenomena. To the best of our knowledge, no papers have been published regarding the relationship between RV function and anemia in patients with HFpEF. Therefore, it is reasonable and interesting to investigate the relationship in patients with HFpEF. In this study, we analyzed the data of patients with almost all types of anemia, including ID, and observed that HFpEF patients with anemia had consistently higher PASP values and lower TAPSE values than those group without anemia. Previous studies have confirmed that the TASPE/PASP ratio has a significant ability to grade disease severity in patients with HF (37, 38). Our stud further confirms this conclusion, as shown in Figure 3B; the lower the TAPSE/PASP ratio, the more severe the degree of anemia and TR. Meanwhile, we observed higher NT-pro-BNP level in anemic patients, which may be due to decompensated HF and fluid overload in anemic patients. Furthermore, we also compared the coupling values with NYHA function, and as expected, RV-pulmonary artery coupling in HFpEF patients decreased with an increase in NYHA function class, consistent with the results of Guazzi et al. (39). Notably, our study shows that the degree of anemia is an independent predictor of the TAPSE/PASP ratio, suggesting that the degree of anemia shows a modest correlation with RV function, as indicated by the TAPSE/PAPS ratio, with RV function tending to decrease as anemia severity increases. Theoretically, the relationship between anemia and RVD may be multifaceted.

Iron deficiency (ID) plays an important role in this process (36). Although the cause of anemia in patients with HF is still not fully understood, the strongest evidence-based medical evidence for ID leading to anemia in HF is available (40). The mechanism of ID in patients with HF involves multiple pathways. Insufficient nutrient intake during HF and reduced gastrointestinal iron absorption due to intestinal wall edema caused by advanced mesenteric venous congestion (40, 41). In addition, due to intestinal wall edema causing changes in intestinal permeability and subsequent increase in bacterial concentration, IL-6 stimulates the production of the acute phase protein hepcidin in the liver while downregulating the expression of ferritin, inhibiting the duodenal absorption of iron, and preventing iron from being stored and released from the body (42–44). Moreover, patients with RVD have higher levels of venous congestion (36). Given that the liver is the main site of ferritin and transferrin synthesis, it is not difficult to speculate that congestive liver dysfunction in the course of HF leads to further exacerbation of ID. From animal models and clinical studies, there is increasing evidence that ID is associated with RVD (36, 45). As shown in animal model studies, ID can directly and rapidly promote pulmonary vascular remodeling, PH, and RV hypertrophy, and iron supplementation can reverse the pulmonary vascular remodeling caused by iron deficiency (45). Therefore, it is reasonable to speculate that ID in anemia may promote PH and right systolic dysfunction.

The second factor is the worsening of renal function. Kidney disease is an important cause of anemia in patients with HF through multiple mechanisms, such as impairment of erythropoietin production by mesenchymal duct pericytes (13, 40). A previous study by Napatt et al. showed a negative correlation between RV function and GFR and proposed the hypothesis that renal function worsened due to remodeling of the small pulmonary arteries in the long-term HFpEF state (46). In this study, HFpEF patients with anemia had higher Cr and PASP and lower RV-pulmonary artery coupling. This may be due to worsening RV structure/function leading to renal venous congestion and worsening chronic kidney disease, as suggested by Frank et al. (47). However, due to the cross-sectional nature of our study, we cannot prove causality. Renal impairment itself may also lead to worse prognosis in patients with anemic HFpEF.

Finally, AF may have an effect. Our research showed that the prevalence of AF was approximately 1.4 times higher in HFPEF patients with anemia than in those without anemia. As observed by Kotecha et al., when HFpEF is combined with AF, it results in decreased RV longitudinal contraction, RV dilation, and increased pulmonary artery pressure, leading to a decline in the overall function of the right heart (48, 49). A large number of previous studies have confirmed that anemia with AF is associated with an increased risk of cardiac events (50, 51). Therefore, it is not difficult to speculate that patients with anemia and HFpEF have a worse prognosis.

This study has several limitations. First, this was a cross-sectional, retrospective analysis; therefore, our conclusions must be interpreted as hypothesis generating, and causality cannot be inferred. Given that HF can also induce anemia through various mechanisms outlined above, particularly in the setting of volume overload, future evaluations of anemia and HF should exclude the possibility of acute volume overload. Additionally, since renal function plays a crucial role in the development of anemia, the lack of glomerular filtration rate data is a limitation of our study. Furthermore, because data on changes in anemia status were not obtained, it was not possible to assess the relationship between evolutionary changes in anemia parameters and RV function. Therefore, multicenter prospective studies are needed to investigate the impact of anemia with different etiologies on right ventricular function.



Conclusion

Patients with HFpEF complicated by anemia have a marked decline in RV function irrespective of sex and age, and the degree of anemia is significantly negatively correlated with RV function. Furthermore, anemia, as an independent risk factor for RV function, is not associated with classic cardiovascular risk factors such as smoking, hypertension, and diabetes. Based on these results, we speculated that impaired RV function may be one of the important mechanisms by which anemia contributes to worsening heart failure.
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