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Abstract 

Background and Objectives: To date, the role of the modified Rajan’s heart failure (mR-hf) risk score 

has been studied in patients with heart failure with reduced (HFrEF) and mid-range ejection fraction 

(EF). However, it has not been investigated in subjects with preserved EF (HFpEF). We aimed to 

examine the predictive value of the mR-hf risk score for mortality in both HFrEF and HFpEF. 

Methods: A total of 220 patients with HFrEF and HFpEF were included in this retrospective study. 

The study sample was divided into two groups according to mortality. Findings were compared 

between the groups. Results: The Non-survived group included 27 subjects, while the Survived 

group comprised 193 patients. The mR-hf risk score was significantly lower in the Non-survived 

group than the Survived group (p<0.001). According to the multivariate analysis, the mR-hf risk score 

and New York Heart Association (NYHA) classification were independently associated with all-

cause mortality (OR: 0.938, 95% CI: 0.905-0.972; p<0.001 and OR: 2.278, 95% CI: 1.161-4.468; p=0.017, 

respectively). Furthermore, the mR-hf risk score predicted mortality in both HFrEF and HFpEF (p 

values, <0.015 and <0.004, respectively). Conclusion: The mR-hf risk score could be a simple tool for 

predicting mortality in patients with HF, irrespective of EF. 

Keywords: Rajan’s score; mortality; heart failure; modified Rajan’s risk score; HFrEF; HFpEF 

 

1. Introduction 

Heart failure (HF) is a clinical condition characterized by structural or functional abnormalities 

in the heart, often accompanied by elevated levels of natriuretic peptides [1]. Despite considerable 

advancements in HF management, the disease remains associated with high morbidity and mortality 

rates [2]. Moreover, the prevalence of HF continues to rise, particularly among aging populations [3]. 

Given the increasing incidence of chronic HF, which is driven in part by demographic changes, 

precise prognostic assessment is essential for guiding clinical decisions, including choices about 

advanced treatment and end-of-life planning. 

Various models have been developed to predict mortality outcomes in patients with HF [4,5]. 

However, many of these models, such as the Meta-Analysis Global Group in Chronic Heart Failure 

(MAGGIC) score [6] and the Seattle Heart Failure Model (SHFM) [4], involve complex mathematical 

equations. Modified Rajan’s heart failure (mR-hf) risk score is a simpler and more practical tool for 

risk prediction. Although the predictive value of the mR-hf risk score has been demonstrated in cases 

of heart failure with reduced ejection fraction (HFrEF) in some studies [7–9], its utility in the context 

of HF with preserved ejection fraction (HFpEF) remains underexplored. Therefore, this study aims 
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to investigate the value of the mR-hf risk score for predicting mortality, both in patients with HFrEF 

and in those with HFpEF. 

2. Materials and Methods 

2.1. Study Population 

We retrospectively screened data on patients hospitalized with a diagnosis of acute 

decompensated heart failure between September 1, 2022, and September 1, 2024, whose 

echocardiographic ejection fractions (EF) were recorded as either below 40% (HFrEF) or above 50% 

(HFpEF). Demographics, laboratory and echocardiographic data was collected from hospital’s digital 

records. Patients who suffered cardiogenic shock, required intravenous inotropic support or 

implantable electronic cardiac devices, or had missing data were excluded from the study. After the 

exclusion criteria were applied, 110 HFrEF and 110 HFpEF (ischemic or non-ischemic) patients were 

left, resulting in a total study population of 220 patients. Study population was divided into two 

groups based on all-cause mortality and data was compared between the two groups (Figure 1). 

 

Figure 1. Graphical abstract showing the design of the study. Abbreviations: HFrEF, heart failure with reduced 

ejection fraction; HFpEF, heart failure with preserved ejection fraction; mR-hf, modified Rajan heart failure. 

2.2. Definitions 

2.2.1. Heart Failure 

HF is defined as a clinical syndrome caused by structural or functional impairment of ventricular 

filling or blood ejection [10]. According to the 2021 European Society of Cardiology guidelines, HFrEF 

is diagnosed based on symptoms and/or signs of HF with left ventricular ejection fraction (LVEF) < 

40%, while HFpEF refers to the presence of HF symptoms and/or signs with LVEF > 50% [11]. 

Echocardiography was performed using the General Electric Vivid-7 ultrasonographic machine 

(General Electric, Milwaukee, WI). All echocardiographic images were reviewed offline and analyzed 

by two independent investigators blinded to the research data, who used proprietary software 

(EchoPACTM, version 202, GE Healthcare, Milwaukee, WI). The measurements were conducted in 

accordance with the American Society of Echocardiography’s guidelines [12,13]. LVEF was measured 

using the biplane method of disks. Pulsed-wave Doppler echocardiography was used to record 

transmitral inflow in the apical four-chamber view. Mitral inflow parameters, including peak early 

(E) and late (A) velocities, as well as the ratio of E to A (E:A), were calculated. Diastolic velocities 

were measured using tissue Doppler imaging (e′, a′) at the septal and lateral sites, and E:e′ ratios (for 

septal and lateral walls) were determined. 
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2.2.2. Rajan Heart Failure Score 

The R-hf risk score was defined as the mR-hf risk score in a later study, by adding brain 

natriuretic peptide (BNP) instead of N-terminal prohormone BNP (NT-proBNP). Consequently, the 

modified R-hf risk score is recommend using EF×estimated glomerular filtration rate 

(eGFR)×hemoglobin (Hb)/BNP, using the BNP instead of NT-proBNP [9].  

2.3. Statistical Analysis 

All statistical analyses were performed using SPSS 22.0 (IBM Corp., Armonk, NY). Descriptive 

statistics were expressed as numbers and percentages for categorical variables, mean ± standard 

deviation (SD) for continuous variables following a normal distribution, and medians with 25th and 

75th percentiles for non-normally distributed continuous variables. Data distribution normality assed 

with Kolmogorov Smirnov test. The t-test or Mann–Whitney U test was used for group comparisons 

of continuous variables, while Fisher’s exact test or the chi-square test was employed for categorical 

variables. Multicollinearity between components of the mR-hf risk score (e-GFR, Hb, BNP and EF) 

was assessed using Eigen values and the condition index. 

Univariate logistic regression analyses were conducted to identify clinically relevant variables 

that predicted all-cause mortality. Variables found to be significant in the univariate analysis (p < 

0.05) were included in a multivariate logistic regression analysis, with stepwise backward conditional 

elimination used to identify independently associated predictors. Because we aimed to examine the 

role of mR-hf risk score for predicting mortality not only in all HF patients but also in both, patients 

with HFrEF and with HFpEF, we created two additional models assessing multivariate analyses of 

HFrEF and HFpEF subgroups. A receiver operating characteristic (ROC) analysis was conducted to 

determine an optimal mR-hf risk score cutoff value for predicting all-cause mortality in all patients 

with HF. In addition, to further ROC analyses for HFrEF and HFpEF were calculated. 

3. Results 

Of 220 patients, 78 were female (%35.5). Age of the study sample was 70 (SD, 11). The Survived 

group (n = 193) and the Non-survived group (n = 27). The patients in the Non-survived group were 

significantly older than the Survived group (76 ± 10 vs. 69 ± 11 years, p = 0.001). The mR-hf risk scores 

in whole population, HFrEF, and HFpEF were significantly lower in the Non-survived group [12.9 

(IQR: 7.5-19.2) vs. 58.6 (IQR: 27.3-95.6), p<0.001; 8.2 (4.9-14.6) vs. 44.7 (20.6-70.8), p<0.001; 16.3 (12.3-

22.7) vs. 81.9 (46.9-131.1), p<0.001, respectively]. 

Non-survived cases also exhibited higher E:e′ ratios (16 ± 2 vs. 14 ± 4, p<0.001), NYHA 

classification scores (p<0.001), and markedly increased BNP levels [1822 (1344–2600) vs. 568 (352–

1021), p < 0.001]. Renal function, as measured by eGFR, was significantly lower in the Non-survived 

group (50 ± 19 vs. 70 ± 23, p<0.001). Furthermore, these patients had lower mean e’ velocities (6.0 ± 1 

vs. 7.2 ± 2, p<0.001) (Table 1). 

In contrast, no significant differences between the two groups were observed in terms of 

comorbidities, including diabetes mellitus (30.1% vs. 22.2%, p = 0.403), hypertension (72.5% vs. 74.1%, 

p = 0.867), hyperlipidemia (22.3% vs. 18.5%, p = 0.658), percutaneous coronary intervention (47.2% 

vs. 48.1%, p = 0.923), and chronic obstructive pulmonary disease (31.6% vs. 37%, p = 0.573). Similarly, 

there were no differences in the use of medications, including sodium-glucose cotransporter 2 

inhibitors (39.4% vs. 29.6%, p = 0.330), renin–angiotensin–aldosterone system inhibitors (60.6% vs. 

63%, p = 0.816), mineralocorticoid receptor antagonists (31.1% vs. 37%, p = 0.535), and loop diuretics 

(71.5% vs. 88.9%, p = 0.055). (Table 1).  

Univariate logistic regression analysis revealed significant associations between mortality and 

variables such as age, higher NYHA classification, lower mean e’ velocities, and lower mR-hf risk 

scores. In additionally, Univariate logistic regression analysis was showed that the mR-hf scores in 

HFrEF vs HFpEF subgroups were significantly associated with all-cause mortality (p<0.015 and 

p=0.004, respectively). These variables were subsequently included in the multivariate model. The 
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multivariate logistic regression analysis identified NYHA classification (odds ratio [OR]: 2.278, 95% 

confidence interval [CI]: 1.161–4.468, p = 0.017) and mR-hf risk score (OR: 0.938, 95% CI: 0.905–0.972, 

p <0.001) as independent predictors of mortality in HF patients. Moreover, the mR-hf risk score was 

found as independent predictors of mortality according to both HFrEF (OR: 0.930, 95% CI: 0.877–

0.986, p <0.015) and HFpEF (OR: 0.920, 95% CI: 0.870–0.973, p =0.004) subgroup multivariate analyses. 

NYHA classification was found an independent predictor of mortality in HFpEF subgroup, as well 

(OR: 3.703, 95% CI: 1.096–12.513, p=0.035) (Table 2) 

ROC curve analysis was conducted to determine the power of the mR-hf risk score to predict 

mortality in whole population. The analysis identified an optimal cutoff value of 27.6 with a 

sensitivity of 92.6% and a specificity of 74.6% for predicting mortality. The area under the curve 

(AUC) was 0.893 (95% CI: 0.845–0.931, p < 0.001). When we examined the ROC curve for mR-hf score 

separately in the HFrEF and HFpEF subgroups, the AUC was found to be 0.879 (95% CI: 0.799-0.958, 

p < 0.001) and 0.937 (95% CI: 0.865-1.000, p < 0.001), respectively (Figure 2). 

 

Figure 2. A receiver operating characteristic (ROC) curve analysis of the modified Rajan’s heart failure (mR-hf) 

risk score in predicting mortality among all patients with HF (AUC: 0.893), and HFrEF (AUC: 0.879) and HFpEF 

(AUC: 0.937) subgroups, respectively. 

Table 1. Baseline Characteristics and Clinical Profile of Patients. 

Variables Survived (n=193) Non-survived (n=27) Total (n=220) P  

Age, years (SD) 69±11 76±10 70±11 0.001 

Female, n (%) 72 (37.3) 6 (22.2) 78 (35.5) 0.126 

Hypertension, n (%) 140 (72.5) 20 (74.1) 160 (72.7) 0.867 

DM, n (%) 58 (30.1) 6 (22.2) 64 (29.1) 0.403 

COPD, n (%) 61 (31.6) 10 (37) 71 (32.3) 0.573 

Current Smoker, n (%) 34 (17.6) 4 (14.8) 38 (17.3) 0.719 

Hyperlipidemia, n (%) 43 (22.3) 5 (18.5) 48 (21.8) 0.658 

History of PCI, n (%) 91 (47.2) 13 (48.1) 104 (47.3) 0.923 

ASA, n (%) 82 (42.5) 12 (44.4) 94 (42.7) 0.848 

Statin, n (%) 76 (39.4) 14 (51.9) 90 (40.9) 0.218 

P2Y12-i, n (%) 36 (18.7) 4 (14.8) 40 (18.2) 0.629 

RAAS Blockers, n (%) 117 (60.6) 17 (63) 134 (60.9) 0.816 

Beta Blockers, n (%) 163 (84.5) 20 (74.1) 183 (83.2) 0.178 

MRA, n (%) 60 (31.1) 10 (37) 70 (31.8) 0.535 

SGLT2-i, n (%) 76 (39.4) 8 (29.6) 84 (38.2) 0.330 

Loop Diuretics, n (%) 138 (71.5) 24 (88.9) 162 (73.6) 0.055 

Hemoglobin, g/dL (IQR) 13.6 (12-14.9) 13.2 (12-13.8) 13.5 (12-14.9) 0.170 

eGFR, mL/min/1.73m2 (SD) 70±23 50±19 67±24 <0.001 

HbA1c, % (SD) 6.4±1.1 6.4±0.7 6.4±1.1 0.354 
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Glucose, mg/dl (SD) 132±59 128±29 132±56 0.162 

Albumin, g/L (SD) 3.5±0.5 3.5±0.3 3.5±0.5 0.508 

Platelet, 109/L (SD) 214±71 195±54 211±69 0.172 

TSH, mlU/L (IQR) 1.78 (1.10-3.08) 1.60 (1.20-2.33) 1.78 (1.10-3.0) 0.553 

ALT, U/L (IQR) 20 (14-33) 28 (22-38) 22 (14-34) 0.128 

AST, U/L (IQR) 23 (16-33) 21 (15-32) 23 (16-32) 0.244 

NA, mmol/L (SD) 139±4 138±3 138±4 0.100 

K, mmol/L (SD) 4.2±0.6 4.2±0.9 4.2±0.6 0.425 

BNP, ng/L (IQR) 568 (352-1021) 1822 (1344-2600) 655 (365-1227) <0.001 

NYHA Class, 

n (%) 

1 40 (20.1) 1 (3.7) 41 (18.6) 

<0.001 
2 111 (57.6) 7 (25.9) 118 (53.6) 

3 37 (19.2) 12 (44.5) 49 (22.3) 

4 5 (2.6) 7 (25.9) 12 (%5.5) 

EF, % (SD) 41±16 39±14 41±15 0.517 

E, cm/sec (SD) 92±17 96±10 92±16 0.113 

A, cm/sec (SD) 68±23 62±17 69±22 0.300 

E/A ratio (SD) 1.5±0.5 1.7±0.5 1.5±0.5 0.072 

e' (mean), cm/sec (SD) 7.2±2 6.0±1 7.0±2 <0.001 

E/e' (SD) 14±4 16±2 14±4 <0.001 

mR-hf Risk 

Score (IQR) 

All patients 58.6 (27.3-95.6) 12.9 (7.5-19.2) 53.6 (22-85.6) <0.001 

HFrEF group 44.7 (20.6-70.8) 8.2 (4.9-14.6) 35 (17.5-67.4) <0.001 

HFpEF group 81.9 (46.9-131.1) 16.3 (12.3-22.7) 72.3 (30.3-118.9) <0.001 

Abbreviations: DM, Diabetes Mellitus; COPD, Chronic obstructive pulmonary disease; PCI, Percutaneous 

coronary intervention; ASA, Acetylsalicylic acid; P2Y12-i, P2Y12 receptor inhibitors; RAAS, Renin–angiotensin–

aldosterone system; MRA, Mineralocorticoid receptor antagonist; SGLT2-i, Sodium-Glucose Transport Protein 

2 Inhibitors; eGFR, Estimated glomerular filtration rate; HbA1c, Hemoglobin A1c; TSH, Thyroid stimulating 

hormone; ALT, Alanine transaminase; AST, Aspartate transferase; NA, Sodium; K, Potassium; BNP, B-type 

natriuretic peptide; NYHA class, New York Heart Association classification; EF, Ejection fraction; E, Early 

ventricular filling velocity; A, Late ventricular filling velocity; e', mitral annular early diastolic velocity; mR-hf, 

Modified Rajan heart failure; HF, Heart failure; HFrEF, HF with reduced EF; HFpEF, HF with preserved EF; 

IQR, Interquartile Range; SD, Standard deviation. 

Table 2. A: Univariate and Multivariate Analyses of Variables Predicting Mortality in Patients with Heart 

Failure. B: Univariate and Multivariate Analyses of Variables Predicting Mortality in Patients with Heart Failure 

with Reduced Ejection Fraction. C: Univariate and Multivariate Analyses of Variables Predicting Mortality in 

Patients with Heart Failure with Preserved Ejection Fraction. 

A 
 Univariate  Multivariate  

Variables OR 95% C.I. P OR 95% C.I. P 

Age 1.073 1.028 1.120 0.001            -  

e' (mean) 0.612 0.452 0.827 0.001           -  

NYHA class. 4.462 2.475 8.043 <0.001 2.278 1.161 4.468 0.017 

mR-hf Risk Score  0.920 0.886 0.956 <0.001 0.938 0.905 0.972 <0.001 

B Univariate  Multivariate  

Variables OR 95% C.I. P OR 95% C.I. P 

e’ (mean) 0.480 0.280 0.824 0.008 -  

NYHA class. 4.015 1.839 8.768 <0.001 -  

mR-hf Risk Score  0.900 0.842 0.963 0.002 0.930 0.877 0.986 0.015 

C Univariate  Multivariate  

Variables OR 95% C.I. P OR 95% C.I. P 

Age 1.160 1.068 1.260 <0.001 -  

e’ (mean) 0.679 0.477 0.967 0.032 -  
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NYHA class. 5.344 2.117 13.493 <0.001         3.703            1.096   12.513  0.035 

mR-hf Risk Score  0.907 0.850 0.967 0.003 0.920 0.870 0.973 0.004 

Abbreviations: e', mitral annular early diastolic velocity; NYHA class, New York Heart Association 

classification; mR-hf, Modified Rajan’s heart failure. 

4. Discussion 

The aim of this study was to assess the effectiveness of the mR-HF risk score in predicting 

mortality among patients with HFrEF as well as those with HFpEF. The results suggest that a low 

mR-HF risk score is significantly linked to increased mortality in heart failure patients, irrespective 

of EF status. To the best of our knowledge, this is the first study to confirm the clinical utility of the 

mR-HF risk score in predicting all-cause mortality in patients with HFpEF. 

Globally, an estimated 64 million people suffer from HF, a condition associated with substantial 

morbidity and mortality [14]. Despite the increased use of guideline-directed medical therapy, 

mortality and morbidity rates remain high and unpredictable [15,16]. In our study, factors found to 

be associated with mortality included advanced age, reduced eGFR, elevated BNP, higher NYHA 

classification, low e′ mean, high E:e′ ratio, and low mR-HF risk score. Previous studies have indicated 

a strong link between age and HF-related mortality [17–20]. In elderly HF patients, high comorbidity 

burdens can exacerbate ischemia and myocardial necrosis, ultimately increasing the risk of death. 

Consistent with earlier findings, our study confirms that advanced age is a significant predictor of 

mortality. Despite its limitations, the NYHA classification remains a simple and effective tool for 

assessing functional status and risk stratification in HF patients [21–24]. Higher NYHA classification 

is associated with increased adverse events, clinical deterioration, and reduced responsiveness to HF 

treatments. Our findings are consistent with prior research suggesting that a higher NYHA 

classification is associated with increased mortality. 

Patients with left heart disease frequently exhibit impaired left ventricular (LV) diastolic 

function, a condition linked to significant morbidity. Approximately half of all HF hospitalizations 

occur in patients with HFpEF [25], in whom symptoms primarily arise from ventricular filling 

abnormalities. Measuring left ventricular diastolic function is crucial for understanding overall 

cardiac function and disease progression. Diastolic dysfunction involves a combination of impaired 

LV relaxation, altered restoration forces, increased myocyte lengthening load, and atrial dysfunction, 

leading to elevated LV filling pressures. Current Doppler echocardiography guidelines recommend 

using early-to-late diastolic transmitral flow velocity (E:A) for diastolic function assessment and E:e′ 

to estimate LV filling pressures [26]. In our study population, low e' velocity and high E/e' ratio were 

found to be associated with poor outcome, consistent with the literature.  

The mR-HF risk score utilizes natriuretic peptides, which have been well documented as 

important biomarkers for HF. Identifying high-risk HF patients can optimize treatment, prevent 

disease progression, and prolong survival, potentially reducing healthcare costs [27]. Both BNP and 

NT-proBNP have proven effective for diagnostic and prognostic evaluation in patients with HFrEF 

and HFpEF [28–34]. Our study's findings showed that the death group had higher BNP levels, which 

is in line with previous research. 

HF is often accompanied by comorbidities that exacerbate mortality risk. Chronic kidney disease 

is particularly significant due to its frequent coexistence with HF and shared risk factors, which 

mutually worsen prognoses [35]. Numerous studies have demonstrated that low eGFR is 

independently associated with higher mortality in HF patients, regardless of the stage of renal disease 

[36,37]. Unlike other scoring systems, such as the MAGGIC, the Get With the Guidelines–Heart 

Failure (GWTG-HF) risk score, and the AHEAD (A: atrial fibrillation; H: hemoglobin; E: elderly; A: 

abnormal renal parameters; D: diabetes mellitus) score, the mR-HF risk score uses eGFR. It is known 

that eGFR offers greater accuracy than blood urea nitrogen or creatinine alone. In our study, eGFR 

levels were significantly lower in the Non-survived group. Along with a higher AHEAD score, these 

patients had lower Hb and eGFR levels and an increased risk of mortality. A lower Hb level was 

additionally determined to increase mortality in both patients with HFrEF and those with HFpEF 
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[38], lending this metric prognostic significance. The pathophysiology behind this relationship 

involves adverse myocardial remodeling secondary to reduced oxygen delivery to metabolizing 

tissues [39]. In our study, no significant difference in Hb levels was observed between the Non-

survived and Survived groups, possibly due to the limited sample size. 

Many studies have shown the predictive value of the mR-hf risk score for mortality in patients 

with HFrEF [7–9]. We also found the mR-hf risk score as a predictor of mortality in the same patient 

group, which is consistent with the literature. Furthermore, we found mR-hf to be a predictor of 

mortality in patients with HFpEF. As calculated from Hb, EF, eGFR, and BNP, the mR-HF risk score 

is a simpler tool with similar effectiveness compared to other scoring systems such as the SHFM, the 

MAGGIC score, and the GWTG-HF risk score.  The SHFM requires approximately 20 variables, the 

MAGGIC score uses 13, and the GWTG-HF risk score employs 7 [4,40,41]. Consequently, the mR-hf 

risk score is a simple and effective predictor of mortality in HF patients. Regardless of EF, those with 

lower modified R-hf risk scores experienced higher cumulative all-cause mortality. By demonstrating 

that the mR-HF risk score is a significant predictor of death in people with HFrEF as well as those 

with HFpEF, our study highlights the importance of this score. 

5. Conclusions 

The prognosis of a patient with HF can be easily predicted using the mR-hf risk score. Despite 

being less complex than more conventional risk determinant scores, such as the MAGGIC, the SHFM, 

and the AHEAD, it has good predictive value. A lower mR-HF risk score is associated with higher 

cumulative all-cause mortality. The mR-hf risk score, which is easy to calculate at no extra cost, can 

be effective in clinical practice for identifying patients with heart failure who face a high risk of 

mortality, enabling rapid implementation of preventive measures. 

6. Limitations 

There were certain restrictions on this study. First, because the research was retrospective, it was 

impossible to identify any data errors. Second, this was a single-center study and may not be 

generalizable to a larger population. Third, ethnic differences could not be identified because the 

cohort was gathered mostly from a single location. To get around these restrictions, a multicenter 

study involving a larger group of HFpEF patients is required. 
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