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This study was performed to investigate the prognostic value of assessing symptom burden using 
the Edmonton Symptom Assessment System (ESAS) in older patients with Heart Failure (HF). This 
prospective cohort study was performed in consecutive patients ≥ 60 years old hospitalized with HF at 
a university hospital between September 2020 and June 2023. ESAS was used to assess nine common 
symptoms at hospital discharge (total score: 0–90) with higher scores indicating greater severity. The 
primary outcome was the combined event of HF readmission and all-cause mortality within 6 months. 
The median ESAS sum score in the study population consisting of 306 patients (median age, 79 years; 
54.9% male) was 13 points. The commonly reported moderate-to-severe symptoms were impaired 
well-being (34.9%), anxiety (27.5%), drowsiness (25.8%), tiredness (24.9%), and depression (22.2%). In 
multivariate analyses, ESAS sum score was significantly associated with the combined event (adjusted 
hazard ratio for each 5-point increase, 1.10 (95% confidence interval: 1.04–1.17; p < 0.001). Inclusion 
of ESAS sum score in the risk model significantly increased both continuous net reclassification 
improvement (p = 0.028) and integrated discrimination improvement (p = 0.002) for the primary 
outcome. Comprehensive assessment of symptom burden with ESAS provided additional prognostic 
information to conventional risk factors in older patients with HF.
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The incidence of heart failure (HF) is increasing worldwide with the aging of the population, representing a 
global public health challenge1. In addition to increased morbidity, mortality, and medical costs, HF has been 
shown to have adverse effects on quality of life (QoL) and to be associated with increased rates of depression, 
anxiety, and stress2. As optimized disease management requires insight into how patients experience the disease 
and participate in their own care3 patient-reported outcomes (PROs) have been developed as measure for 
estimating their objective well-being4.

Along with functional status and health-related QoL, symptom burden represents a general component of 
patient health status that can have a negative impact on overall QoL5. Patients with HF have extensive symptom 
burden beyond the typical manifestations of the disease, such as dyspnea and fatigue6. Symptoms often persist 
despite medical management and device therapy, and older patients with HF commonly show a reduction in 
QoL over time7. Although a number of tools are available for assessing symptom burden in clinical research, 
they are not commonly used to guide clinical practice. The Edmonton Symptom Assessment System (ESAS), 
originally developed to assess comprehensive symptoms in patients with end-stage cancer requiring palliative 
care8,9 is a simple patient-friendly tool that can be completed quickly and is one of the most commonly cited 
questionnaires is studies of symptom burden as a PRO measure in HF7. The ESAS is used extensively for 
screening and monitoring of symptoms in clinical settings worldwide as it enables rapid assessment of multiple 
symptoms simultaneously, and it has been shown to be useful for predicting prognosis in the fields of palliative 
care and oncology8. In patients with HF, ESAS score has been shown to be correlated with New York Heart 
Association (NYHA) functional class and Kansas City Cardiomyopathy Questionnaire (KCCQ) score10 which 
is frequently used as a measure of global health status in this population. As the associations of ESAS score 
with prognosis of HF have not been characterized in detail, the present study was performed to investigate the 
prognostic significance of symptom burden assessed by ESAS in older patients with HF.

Methods
Study design and patient population
Consecutive patients ≥ 60 years old admitted to Nagoya University Hospital due to decompensation of HF 
diagnosed using the Framingham criteria between September 2020 and June 2023, in whom symptom burden 
was evaluated at the time of discharge, were included in this prospective observational study. Patients with 
left ventricular assist device implantation, those undergoing cardiac surgery, or who died during the period of 
hospitalization were excluded from the study.

Data collection
Baseline findings of physical examinations, blood samples, echocardiography, and medications were obtained 
before discharge for all patients with hemodynamic stability. The estimated glomerular filtration rate (eGFR) 
was determined using the Japanese Society of Nephrology formula11 and renal dysfunction was diagnosed based 
on eGFR < 60 mL/min/1.73 m2. To assess the nutritional score, the geriatric nutritional risk index (GNRI) was 
calculated using the following formula: 1.489 × serum albumin (g/L) + 41.7 × (body weight [kg]/ideal body 
weight)12. Ideal body weight was calculated using the formula: 22 × (height m2). Physical and cognitive function 
were assessed by trained physiotherapists after treatment in the acute phase. Handgrip strength was determined 
using a Jamar digital dynamometer (MG-4800 digital grip strength meter; Charder Electronic, Taichung, Taiwan) 
with the patient in a sitting position. Briefly, patients performed two maximal isometric voluntary contractions 
of both hands for 3 s each, and the highest value, expressed as an absolute value (in kg), was used in the analyses 
as a measure of physical function. Cognitive function was examined using the Japanese version of the Mini-
Mental State Examination (MMSE), which is a brief screening test for cognitive impairment consisting of 11 
items designed to measure orientation, registration, attention, calculation, recall, and language13. The maximum 
total score is 30, with higher scores indicating better performance.

The primary outcome was the combined event of readmission due to HF and all-cause mortality within 6 
months after discharge. After discharge, most patients were followed up in outpatient clinics at least every 3 
months in addition to according to medical necessity. HF readmission information and survival status were 
determined from annual reviews of medical records or telephone- and mail-based surveys. Patients without 
follow-up data at 6 months after hospital discharge were excluded from the analysis.

Symptom burden
The symptoms of each patient at discharge from hospital were assessed using the self-administered ESAS 
revised Japanese version questionnaire14 a validated and reliable tool for assessing the severity of nine common 
symptoms (anxiety, depression, drowsiness, lack of appetite, nausea, pain, shortness of breath, tiredness, and 
impaired well-being) and an optional 10th symptom (other symptoms) with “now” as the timeframe. According 
to the previous studies, each symptom was rated on an 11-point numeric scale with scores ranging from 0 
(absence of symptom) to 10 (worst possible symptom), yielding a total score between 0 and 90 points (excluding 
10th symptom)8,14–16. The ESAS scores were classified according to severity as follows: 0, no symptoms; 1–3, 
mild; 4–6, moderate; and 7–10, severe8.

Statistical analysis
Continuous variables are presented as the median and interquartile range (IQR). Categorical variables are 
expressed as numbers and percentages. The cohort was divided into three groups according to the ESAS sum 
score tertiles. Differences between groups were evaluated by the Kruskal-Wallis test for continuous variables and 
chi-squared or Fisher’s exact test for dichotomous variables as appropriate. The relations of ESAS sum score with 
each component of ESAS were evaluated by Spearman’s rank correlation analysis.
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Event-free survival curves were constructed using the Kaplan-Meier survival method and compared 
using log-rank statistics. For the outcome of the combination of HF readmission and all-cause mortality, the 
prognostic predictive capability of ESAS sum score was examined by Cox regression analysis constructing two 
predictive models as follows: model 1 (baseline model), Meta-Analysis Global Group in Chronic HF (MAGGIC) 
risk score and (log-transformed) B-type natriuretic peptide (BNP) levels at discharge; and model 2 consisting 
of model 1 + geriatric assessments (i.e., GNRI score + handgrip strength + MMSE score). We used the MAGGIC 
risk score as an adjustment variable in multivariate Cox regression analyses because it is a well-validated risk 
score for Japanese patients with HF17. Based on their clinical importance and previous studies, these measures 
were selected as adjustment variables in multivariate Cox regression analyses for the combined event of HF 
readmission and all-cause mortality as outcomes, after confirming the absence of multicollinearity. Multivariable 
Cox regression models were constructed using multiple imputation to take into account the missing covariate 
data, excluding ESAS score. A total of 20 data sets were created using a chained-equations procedure18. Parameter 
estimates were obtained for each data set and subsequently combined to produce an integrated result using the 
method described by Barnard and Rubin19. Subgroup analyses of symptom burden were performed to examine 
the potential effect on the association of ESAS sum score with the combined event of HF readmission and 
mortality within 6 months for an exploratory survey by Cox regression analysis with adjustment for MAGGIC 
risk score and (log-transformed) BNP level as potential confounders: age (stratified at 75 years), sex, body mass 
index (BMI, stratified at 18.5 kg/m2), and left ventricular ejection fraction (LVEF, stratified at 50%). Hazard 
ratios (HRs) are reported with corresponding 95% confidence intervals (CIs).

Logistic regression analysis of ESAS sum score was performed to examine the combined event risk adjusting 
for MAGGIC risk score and (log-transformed) BNP level. Adjusted odds ratios (ORs) are reported with the 
corresponding 95% CIs. To evaluate the incremental prognostic value of ESAS sum score, we constructed two 
models for the outcome of the combined event: a baseline model incorporating preexisting risk factors and the 
baseline model + ESAS sum score. The baseline model for the composite outcome included MAGGIC risk score 
and (log-transformed) BNP level. For the outcome, we compared the areas under the curve (AUCs) between 
the two models, and calculated the net reclassification improvement (NRI) and integrated discrimination 
improvement (IDI) with addition of the ESAS sum score to the baseline model20. Decision curve analysis was 
performed to quantify the net benefits at different threshold probabilities to assess the clinical usefulness of the 
model21.

A two-tailed p < 0.05 was taken to indicate statistical significance for all analyses except interaction analysis 
where a threshold of p < 0.10 was used to indicate a significant interaction taking into account the somewhat 
exploratory nature of the subgroup analyses. Statistical analyses were performed using SPSS version 29.0 (IBM 
Corp.) and R version 3.2.1 (R Foundation for Statistical Computing).

Results
The initial study population consisted of 385 patients ≥ 60 years old hospitalized with HF. Seventy-nine patients 
were excluded, and the remaining 306 patients (median age 79 years, 54.9% male, 48.7% had LVEF ≥ 50%) for 
whom complete follow-up data at 6 months were available were included in the analysis (Fig. 1). The median 
ESAS sum score of the study population was 13 points (IQR 5–23) (Fig. 2A), and the most frequently reported 
moderate-to-severe symptoms at hospital discharge were impaired well-being (34.9%), anxiety (27.5%), 
drowsiness (25.8%), tiredness (24.9%), and depression (22.2%) (Fig. 2B). No moderate-to-severe symptoms were 
reported in 40.5% of the total study population (Fig. 3). Although all components of ESAS were significantly 
correlated with the ESAS sum score, impaired well-being showed the strongest correlation (r = 0.824, p < 0.001) 
(Table S1). The sum score of 8 symptoms, not including impaired well-being, was strongly correlated with 
impaired well-being score (r = 0.751, p < 0.001). Patients with higher ESAS sum score had significantly higher 
diastolic blood pressure and lower proportion of current smokers, hemoglobin level, handgrip strength, and 
MMSE score (Table  1). There were no significant differences in age, sex, or body weight reduction during 
hospitalization, severity of HF (NYHA class, BNP level, and MAGGIC risk score), or length of hospital stay 
between the groups.

The mortality and combined event (HF readmission and mortality) rates during 6-month follow-up were 
9.5% (n = 29) and 32.4% (n = 99), respectively. The Kaplan-Meier curve plotting ESAS sum score tertiles showed 
a significant association of higher ESAS sum score with shorter event-free survival period (p = 0.014) (Fig. 4). 
ESAS sum score was significantly associated with the combined event on multivariate Cox regression analysis 
after adjusting for MAGGIC risk score and BNP level (adjusted HR for each 5-point increase in ESAS sum score 
1.10 [95% CI: 1.04–1.17]; p < 0.001) (Table 2). ESAS sum score remained a significant predictor of the combined 
event even after adjusting for possible confounding factors, including geriatric assessments (model 2) (adjusted 
HR for each 5-point increase in ESAS sum score 1.11 [95% CI: 1.05–1.18]; p < 0.001). The ESAS sum score also 
showed consistent associations with the combined event across various subgroups after adjusting for MAGGIC 
risk score and BNP level, and there were no significant interactions among subgroups (Figure S1).

ESAS sum score was significantly associated with the combined event on multivariate logistic regression 
analysis after adjusting for MAGGIC risk score and BNP level (adjusted OR for each 5-point increase in ESAS 
sum score 1.15 [95% CI: 1.06–1.26]; p = 0.001) (Table S2). We compared the AUCs between the baseline model 
and the baseline model + ESAS sum score to evaluate the incremental prognostic predictive capability of ESAS 
sum score for the combined event (Table 3). Although the increase in the AUC with the addition of the ESAS 
sum score to the baseline model was not significant (0.717 vs. 0.745, respectively; p = 0.079), both continuous 
NRI (0.264 [95% CI: 0.028–0.499]; p = 0.028) and IDI (0.036 [95% CI: 0.013–0.060]; p = 0.002) were observed 
for the combined event. The baseline model + ESAS sum score showed a consistently better net benefit than the 
baseline model with threshold probabilities between 20% and 60% in decision curve analysis (Fig. 5).
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Discussion
The prognostic value of symptom burden as a PRO measure was investigated using the ESAS score for the 
combined event of HF readmission and all-cause mortality within 6 months in older patients hospitalized with 
HF. The most commonly reported moderate-to-severe symptoms at discharge among patients ≥ 60 years old 
hospitalized with HF were impaired well-being, anxiety, drowsiness, tiredness, and depression, but not shortness 
of breath. More than half of the patients had at least one symptom classified as moderate-to-severe at hospital 
discharge. Higher ESAS sum score was associated with higher rates of all-cause mortality and/or HF readmission 
within 6 months after discharge. Symptom burden determined using the ESAS sum score provided valuable 
additional prognostic information to conventional risk factors. These observations suggested that ESAS is useful 
as a symptom burden screening tool for prediction of prognosis in older patients with HF.

Symptom burden is similar between advanced HF and advanced cancer22. In the present study, 59.5% of 
hospitalized patients with HF ≥ 60 years old (median age, 79 years) had at least one symptom classified as 
moderate-to-severe at the time of discharge from hospital. Consistent with previous reports6,7 these patients 
showed extensive symptom burden beyond the typical manifestations of HF, such as shortness of breath and 
fatigue. As patients with advanced HF in developed countries have an average age of more than 75 years at 
the time of hospitalization6,23 symptoms due to comorbidities are common in addition to the effects of HF 
itself in this population24,25. Therefore, non–disease-specific PROs may be useful for assessment of symptom 
burden in older patients with multiple comorbidities, where HF is not the only factor contributing to health 
status, which may facilitate comparisons among patients with different conditions and between different patient 
populations3,4. In this study, we used ESAS as a comprehensive non–disease-specific PRO measure that can be 
applied easily in clinical practice6–8. Our results revealed a significant association of higher ESAS sum score with 
increased risk of the combined event of HF readmission and all-cause mortality even after adjusting for not only 
conventional risk factors of HF (i.e., BNP and MAGGIC risk score) but also geriatric assessments (i.e., GNRI 
score, handgrip strength, and MMSE). In addition, ESAS sum score was shown to provide valuable additional 
prognostic information to other known risk factors. Our results suggested that comprehensive assessment of 
symptom burden using a simple PRO measure is important in daily clinical practice. In the present study, no 
significant differences were observed in weight loss during hospitalization, severity of HF (i.e., NYHA class, 
BNP, and MAGGIC risk score) at hospital discharge, or length of hospital stay according to symptom burden. 
Therefore, it is important to assess symptom burden using ESAS to identify patients at high risk of short event-
free survival.

The results of the present study have implications for both clinical practice and the design of future clinical 
studies in older patients with HF. Even with no favorable effect on survival or hospitalization rate, the US Food 
and Drug Administration (FDA) has specified that drugs to treat HF could be approved based on a beneficial 
effect on symptoms or physical function4. Despite their application in clinical trials regarding HF, PROs have 
not been widely implemented in HF care, with few centers including such measures in routine assessment26. The 
Minnesota Living with Heart Failure Questionnaire (MLHFQ), KCCQ, and ESAS are the three most commonly 
cited questionnaires in studies of symptom burden in HF7. Both the MLHFQ and KCCQ assess HF-specific 

Fig. 1.  Study flow chart.
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health status, including symptom burden, and have been shown to be useful for predicting functional and survival 
outcomes3,27. The MLHFQ and KCCQ have been qualified as Medical Device Development Tools by the US FDA 
Center for Devices and Radiological Health, with the KCCQ also qualifying as a Clinical Outcomes Assessment 
tool for use in cardiovascular trials by the FDA Center for Drug Evaluation and Research3,27. However, as these 
instruments require 5–10 min to complete and assess symptoms over the past 2–4 weeks, they have limitations 
as measures of symptom burden for older patients hospitalized for HF in a clinical setting. The ESAS, in contrast, 
can be administered rapidly (~ 1 min), easily, and repeatedly with “now” as the timeframe. In addition, ESAS has 
been validated and translated into over 20 different languages and is highly accessible through generous licensing 
agreements8. Therefore, ESAS is a simple and rapid screening tool suitable for clinical use to assess symptom 
burden in cardiology. Rapid assessment of symptom burden is important in patients with HF to allow timely 
implementation of suitable interventions, including multidisciplinary management programs8,28,29. Formal 
assessment can also highlight unmet needs and areas for potential improvement in the delivery of clinical care30. 
However, whether improvement of ESAS sum score is associated with improved prognosis of patients with HF 

Fig. 2.  Distribution of ESAS sum score (A) and proportion of symptom burden severity (B) at hospital 
discharge. ESAS Edmonton symptom assessment system.
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remains unclear. Similar to the demonstrated benefits in oncology8,31 the incorporation of routine symptom 
burden measurements in clinical practice will be helpful for both clinicians and patients with HF to discuss 
individual experiences and to determine whether a given treatment program is fulfilling their expectations. 
Further detailed studies are required to address these issues and to guide future clinical decision making for the 
treatment of older patients with HF.

This study had several limitations in that this was a single-center study with a small sample size, and the small 
number of events may have increased the risk of false positives. Censored patients without follow-up data were 
excluded from the analysis, but complete follow-up data at 6 months were available in most cases. In addition, 
the study population consisted only of Asian patients limiting generalizability of the results, and the substantially 
longer hospital stay in Japan compared to Western countries may have affected the results with no other PRO 
measure of symptom burden used in the evaluation. The long-term prognostic capability of ESAS and its additive 
value on the predictive ability of well-validated risk scores other than the MAGGIC score are also unknown. 
Further studies are needed to validate use of the ESAS in other ethnic populations and against HF-specific PRO 
of symptom burden. Finally, symptom burden was not assessed after discharge from hospital in this study. The 
ESCAPE trial showed that more than half of patients with advanced HF were willing to trade survival time for 
improved symptom control shortly after discharge, but the majority prioritized survival once their symptoms 
had stabilized beyond 6 months32. In a meta-analysis of the TOPCAT and HF-ACTION trials, the most recent 
KCCQ score rather than the change was associated with subsequent death and cardiovascular hospitalization in 
patients with HF33. Further studies are required as there is still uncertainty regarding the benefits of one-time vs. 
serial PRO measurements and whether a serial approach is preferable in older patients with HF.

Fig. 3.  Total number of moderate-to-severe symptoms.

 

Scientific Reports |        (2025) 15:22954 6| https://doi.org/10.1038/s41598-025-06615-4

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Missing
Data

Overall
(n = 306)

ESAS score (points)

p Value

Low burden (0–7) Intermediate burden (8–19) High burden (≥ 20)

(n = 102; 33%) (n = 100; 33%) (n = 104; 34%)

Age, yrs 0 79 [73, 83] 78 [72, 82] 78 [72, 82] 80 [74, 85] 0.068

 ≥ 75 203 (66.3) 63 (61.8) 65 (65.0) 75 (72.1) 0.274

Male, % 0 168 (54.9) 61 (59.8) 57 (57.0) 50 (48.1) 0.210

Living alone (%) 0 65 (21.2) 23 (22.5) 21 (21.0) 21 (20.2) 0.916

NYHA class III/IV, % 0 25 (8.2) 8 (7.9) 9 (9.0) 8 (7.8) 0.941

Body weight at admission, (kg) 0 53.9 [44.6, 62.5] 54.3 [46.2, 62.7] 56.5 [45.0, 63.6] 50.3 [43.4, 60.5] 0.170

Body weight at discharge, (kg) 0 49.7 [41.4, 58.1] 51.1 [43.9, 58.5] 52.1 [41.4, 58.1] 47.3 [40.5, 56.8] 0.203

Change in body weight, (%) 0 -6.0 [-11.1, -2.2] -5.5 [-9.5, -2.5] -6.6 [-11.5, -3.8] -6.0 [-11.4, -0.5] 0.149

Body mass index, kg/m2 0 20.1 [17.9, 22.8] 20.0 [18.0, 22.4] 20.4 [18.0, 23.2] 19.9 [17.7, 22.8] 0.712

 < 18.5 96 (31.4) 33 (32.4) 29 (29.0) 34 (32.7) 0.822

Systolic blood pressure, mm Hg 0 106 [95, 118] 100 [94, 116] 106 [93, 116] 108 [98, 120] 0.083

Diastolic blood pressure, mm Hg 0 61 [52, 69] 59 [51, 66] 62 [53, 68] 65 [55, 72] 0.011

Heart rate, beats/min 0 77 [67, 85] 76 [68, 83] 77 [65, 88] 78 [69, 85] 0.932

LVEF, % 0 49 [32, 63] 48 [32, 60] 45 [32, 62] 52 [35, 65] 0.087

 ≥ 50 149 (48.7) 50 (49.0) 44 (44.0) 55 (52.9)

Prior HF admission, % 0 202 (66.0) 69 (67.6) 60 (60.0) 73 (70.2) 0.280

Current smoker 0 17 (5.6) 11 (10.8) 4 (4.0) 2 (1.9) 0.015

Comorbidities, %

 Atrial fibrillation 0 133 (43.5) 44 (42.3) 43 (43.0) 46 (45.1) 0.916

 COPD 0 22 (7.2) 9 (8.8) 4 (4.0) 9 (8.7) 0.322

 Diabetes 0 102 (33.3) 36 (35.3) 32 (32.0) 34 (32.7) 0.871

 Chronic kidney disease 0 52 (17.0) 16 (17.0) 18 (18.0) 18 (17.3) 0.903

Medications

 ACE inhibitor or ARB 0 199 (65.0) 61 (59.8) 68 (68.0) 70 (67.3) 0.396

 Beta-blocker 0 169 (55.2) 56 (54.9) 53 (53.0) 60 (57.7) 0.794

 Loop diuretics 0 231 (75.5) 81 (79.4) 73 (73.0) 77 (74.0) 0.522

 MRA 0 141 (46.1) 47 (46.1) 46 (46.0) 48 (46.2) 1.000

Laboratory Data at discharge

 Hemoglobin, g/dL 0 11.0 [10.0, 12.7] 11.4 [10.0, 12.8] 11.6 [10.5, 13.0] 10.6 [9.8, 12.1] 0.003

 Albumin, g/dL 0 3.4 [3.1, 3.7] 3.0 [3.1, 3.7] 3.4 [3.1, 3.7] 3.2 [2.8, 3.0] 0.003

 Creatinine, mg/dL 0 1.19 [0.92, 1.61] 1.21 [0.99, 1.67] 1.24 [0.92, 1.60] 1.17 [0.83, 1.53] 0.627

 eGFR, mL/min/1.73 m2 0 39.0 [29.2, 52.8] 38.8 [30.9, 52.0] 40.0 [30.0, 51.7] 40.6 [28.0, 53.6] 0.890

BUN, mg/dL 0 30.0 [20.0, 42.6] 31.0 [19.9, 42.3] 28.8 [21.2, 41.9] 29.0 [18.4, 43.5] 0.726

BNP, pg/mL 0 223 [100, 471] 210 [106, 433] 250 [92, 509] 208 [101, 495] 0.862

Geriatric assessments

 GNRI score 0 89 [81, 96] 91 [83, 95] 90 [81, 97] 86 [79, 94] 0.092

 Handgrip strength, kg 11 18.6 [12.7, 25.0] 20.8 [13.7, 26.9] 19.8 [13.1, 26.8] 14.0 [10.7, 20.6] < 0.001

 MMSE score, points 13 27 [24, 29] 28 [25, 29] 27 [24, 29] 26 [23, 28] 0.007

 MAGGIC risk score, points 0 28 [24, 32] 28 [25, 32] 27 [24, 31] 28 [25, 33] 0.408

 ESAS sum score, points 0 13 [5, 23] 3 [1, 5] 13 [10, 16] 30 [23, 39] < 0.001

 Length of hospital stay, days 0 16 [11, 26] 16 [11, 23] 15 [11, 25] 17 [12, 26] 0.421

 Discharged home 0 91 (89.2) 91 (89.2) 86 (86.0) 87 (83.7) 0.508

Table 1.  Baseline characteristics. Values are expressed as median (interquartile range) or n (%). ACE 
angiotensin-converting enzyme, ARB angiotensin II receptor blocker,  BNP B-type natriuretic peptide, BUN 
blood urea nitrogen, COPD chronic obstructive pulmonary disease, eGFR estimated glomerular filtration 
rate, ESAS Edmonton symptom assessment system, GNRI geriatric nutritional risk index,LVEF left ventricular 
ejection fraction, HF heart failure, MAGGIC Meta-analysis Global Group in Chronic Heart Failure, MMSE 
Mini-Mental State Examination, MRA mineralocorticoid receptor antagonist, NYHA New York Heart 
Association.
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Conclusions
Symptom burden was significant in older patients with HF at hospital discharge, and greater symptom burden 
as determined by ESAS was associated with poorer prognosis. Comprehensive evaluation of symptom burden 
is important in older patients with HF, and is crucial not only for prediction of prognosis but also to ensure 
personalized therapeutic decision making.

Unadjusted Cox model

Adjusted Cox model

Model 1 (baseline model) Model 2

Variable HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value

ESAS score (per 5 point increase) 1.12 1.05 - 1.18 < 0.001 1.10 1.04 - 1.17 < 0.001 1.11 1.05 - 1.18 < 0.001

Tertiles of ESAS sum score

Low burden (point 0–7) 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]

Intermediate burden (point 8–19) 1.73 1.01 - 2.94 0.045 1.76 1.03 - 3.01 0.038 1.84 1.07 - 3.15 0.028

High burden (point ≥ 20) 2.12 1.26 - 3.54 0.004 2.12 1.26 - 3.55 0.004 2.32 1.36 - 3.95 0.002

Table 2.  Unadjusted and adjusted Cox regression analysis for the combined event of heart failure readmission 
and all-cause mortality. Model1: adjusted for MAGGIC risk score and log BNP. Model2: Model 1plus, GNRI, 
handgrip strength, and MMSE score. BNP B-type natriuretic peptide, CI confidence interval, ESAS Edmonton 
Symptom Assessment System, GNRI geriatric nutritional risk index, HR hazard ratio, MAGGIC Meta-analysis 
global group in chronic heart failure risk score, MMSE Mini-mental state examination.

 

Fig. 4.  Kaplan-Meier curve for the combined event of heart failure readmission and all-cause mortality. ESAS 
Edmonton symptom assessment system.
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Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.
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