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nutrition, cognitive impairment, frailty, and social and 
economic burdens.5–11 Consequently, there is a pressing 
need for effective management strategies tailored for this 
patient cohort.

The multidisciplinary team (MDT) approach has gar-
nered significant attention due to its potential to enhance 
patient care and outcomes.12 Studies have revealed its pos-
itive impact on HF patients, including reductions in hospi-

H eart failure (HF) represents a worldwide health-
care predicament, affecting over 26 million people 
worldwide, predominantly in the aging popula-

tion.1 With the incidence of HF reaching 10 per 1,000 in 
individuals aged >65 years,1 hospitalizations are escalat-
ing, imposing significant strains on healthcare systems and 
resources.2–4 Older HF patients have multifaceted chal-
lenges including multimorbid illness, polypharmacy, mal-
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Background:  A multidisciplinary team (MDT) approach is crucial for managing older patients with heart failure (HF). We investigated 
the impact on clinical outcomes of implementation of a conference sheet (CS) with an 8-component radar chart for visualizing and 
sharing patient information.

Methods and Results:  We enrolled 395 older inpatients with HF (median age 79 years [interquartile range 72–85 years]; 47% women) 
and divided them into 2 groups according to CS implementation: a non-CS group (before CS implementation; n=145) and a CS group 
(after CS implementation; n=250). The clinical characteristics of patients in the CS group were assessed using 8 scales (physical 
function, functional status, comorbidities, nutritional status, medication adherence, cognitive function, HF knowledge level, and home 
care level). In-hospital outcomes (Short Physical Performance Battery, Barthel Index score, length of hospital stay, and hospital 
transfer rate) were significantly better in the CS than non-CS group. During the follow-up period, 112 patients experienced composite 
events (all-cause death or admission for HF). Inverse probabilities of treatment-weighted Cox proportional hazard analyses demon-
strated a 39% reduction in risk of composite events in the CS group (adjusted hazard ratio 0.65; 95% confidence interval 0.43–0.97).

Conclusions:  Radar chart-based information sharing among MDT members is associated with superior in-hospital clinical outcomes 
and a favorable prognosis.
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technologies.12

Information sharing, which is crucial to an MDT 
approach, facilitates informed decision making based on 
current comprehensive patient data, consequently improv-
ing care quality and patient outcomes.22 However, there 

tal readmissions and mortality, as well as improved quality 
of life.12–17 Several guidelines strongly advocate MDT man-
agement in HF patient care.18–21 Effective communication 
among team members is vital, necessitating regular confer-
ences and the use of electronic medical records and other 

Figure 1.    A newly developed conference sheet. The sheet contains treatment details, clinical issues, and goals and provides 
multidisciplinary team (MDT) members with insights into patients’ clinical characteristics across 8 distinct scales: physical function, 
functional status, comorbidities, nutritional status, medication adherence, level of knowledge about heart failure (HF), cognitive 
function, and home care support level.
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3Multidisciplinary Information Sharing in Older HF

provided by an HF team consisting of cardiologists, nurses, 
physical therapists, pharmacists, dietitians, and social work-
ers. We have developed and applied a multidisciplinary HF 
management program focusing on comprehensive medical 
and non-medical interventions for patients hospitalized 
with HF since August in 2010, as described previously.8 
Patients who were lost to follow-up after discharge were 
excluded from the analyses. Patients were divided into 2 
groups (Figure 2): a non-CS group (April 1, 2016–March 
31, 2018) and a CS group (April 1, 2018–March 31, 2020).

This study adhered to the Declaration of Helsinki and was 
approved by the Clinical Investigation Ethics Committee 
of Sapporo Medical University Hospital (No. 302-243). 
Before April 10, 2019, participants’ consent was assumed 
through an opt-out strategy. After April 11, 2019, partici-
pants were required to provide explicit written informed 
consent.

Multidisciplinary Conference and a Novel CS
Consistently, each week following the prescription of car-
diac rehabilitation (generally on the sixth day after admis-
sion; interquartile range [IQR] Day 4–Day 9; Table 1), we 
facilitated a multidisciplinary conference. This brought 
together a diverse array of professionals including physi-
cians, nurses, physical therapists, dietitians, pharmacists, 
and medical social workers. The conference’s agenda 
included patient introductions, discussing HF-related 
issues, progress updates, information sharing, strategic 
planning, addressing social and psychological aspects, and 
discharge planning.

Prior to the adoption of the radar chart, we had already 
been using a CS to consolidate essential patient data for 
comprehensive management. However, to optimize infor-
mation sharing, we devised a CS that has been imple-
mented since April 1, 2018. This innovative tool was 
designed with the objective of optimizing the communica-
tion and understanding of patient-specific details within 
the MDT. The sheet contains treatment details, clinical 
issues, and goals and provides MDT members with insights 

are some obstacles to information sharing within an MDT, 
such as complexity arising from diverse backgrounds and 
expertise, resulting in misunderstandings and misinterpre-
tations. In addition, unequal information distribution 
among members can impede effective communication.22

To address these issues, we devised a conference sheet 
(CS) using a radar chart with 8 components representing 
the characteristics of older HF patients (Figure 1). This 
method, integrated into electronic medical records, enables 
efficient visualization of individual patient attributes and 
fosters intuitive understanding of issues and their signifi-
cance. A prior case report demonstrated the potential advan-
tages of radar charts in information sharing, aiding healthcare 
professionals in identifying patients’ precise conditions and 
improving prognostic markers and estimated outcomes 
based on the Seattle Heart Failure model.23 This evidence 
underscores the possible advantages of incorporating radar 
chart-based information sharing within MDT approaches 
for older HF patients.

In this study we examined the impact of information 
sharing through a newly developed CS with an 8-compo-
nent radar chart as part of the MDT approach on clinical 
outcomes for older hospitalized HF patients.

Methods
Study Design and Study Subjects
Consecutive patients diagnosed with HF and admitted to 
our institute for treatment between April 1, 2016 and 
Match 31, 2020 were enrolled in this ambispective, histori-
cal cohort study. The retrospective study was conducted 
for the period from April 1, 2016 to April 10, 2019, and the 
prospective study continued until Match 31, 2020. HF was 
diagnosed according to the Japanese Circulation Society/
Japanese Heart Failure Society guidelines for HF. To be 
eligible for inclusion, patients had to be aged ≥65 years and 
participating in a multidisciplinary cardiac rehabilitation 
program, which included exercise training, education on 
self-monitoring and medications, and nutritional guidance 

Figure 2.    Flowchart of the inclusion of study subjects. CS, conference sheet; HF, heart failure.
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Table 1.  Baseline Characteristics

No. missing  
(%)

Overall  
(n=395)

Non-CS group  
(n=145)

CS group  
(n=250) P value

Age (years) 79 [72–85]　　　　　 79 [73–85]　　　　　 79 [72–85]　　　　　 　0.40

Female sex 188 (48)   77 (53) 111 (44) 　0.10

Height (cm) 156.8±9.5　　　　 155.0±8.9　　　　 157.8±9.7　　　　 <0.01

Body weight (kg) 53.2 [45.0–61.2]　　 50.4 [43.3–57.8]　　 55.4 [46.5–62.5]　　 <0.01

BMI (kg/m2) 21.6 [19.2–24.1]　　 20.9 [18.4–23.7]　　 21.9 [19.4–24.2]　　 　0.03

SBP (mmHg) 118 [104–131]　　　 118 [101–131]　　　 118 [105–131]　　　 　0.36

Prior or current smoker 190 (48)   64 (44) 126 (50) 　0.23

NYHA functional class 　0.10

    I 12 (3)      1 (0.7) 11 (4)

    II 240 (61)   93 (64) 147 (59)

    III 143 (36)   51 (35)   92 (37)

LVEF (%) 51.2 [36.7–63.6]　　 51.8 [36.8–63.6]　　 50.9 [36.7–63.6]　　 　0.98

LVEF <40% 115 (29)   45 (31)   70 (28) 　0.52

History of hospital admission due to HF 173 (44)   75 (52)   98 (39) 　0.02

Etiology 　0.94

    Cardiomyopathy   98 (25)   38 (26)   60 (24)

    Valvular heart disease 168 (43)   59 (41) 109 (44)

    Ischemic   73 (18)   27 (19)   46 (18)

Comorbidity

    Hypertension 288 (73) 110 (76) 178 (71) 　0.31

    Dyslipidemia 231 (58)   74 (51) 157 (63) 　0.02

    Diabetes 166 (42)   66 (46) 100 (40) 　0.28

    Chronic kidney disease 33 (8) 258 (71)   99 (78) 159 (68) 　0.04

    Atrial fibrillation 168 (43)   74 (51)   94 (38) <0.01

    History of cancer 107 (27)   42 (29)   65 (26) 　0.52

    Charlson comorbidity index (points) 3 (2–5) 4 (3–5) 3 (2–4) <0.01

Physical function

    10-m gait speed (m/s) 30 (8) 0.800 [0.613–0.966] 0.759 [0.609–0.946] 0.814 [0.613–0.972] 　0.43

Nutritional status

    MNA-SF score (points)   3 (1) 8 [6–10]　　　　　 7 [5–8]　　　　　　　 9 [7–11]　　　　　 <0.01

    Energy intake (kcal/day) 1,528 [1,274–1,600] 1,400 [1,131–1,600] 1,572 [1,344–1,600] <0.01

    Energy intake (kcal/kg/day) 27.0±7.0　　 26.2 [21.5–32.3]　　 26.9 [23.3–31.3]　　 　0.57

    Protein intake (g/day) 65 [50–73]　　　　　 59 [44–71]　　　　　 67 [56–73]　　　　　 <0.01

    Protein intake (g/kg/day) 1.16±0.32 1.12±0.35 1.18±0.30 　0.08

Laboratory data

    NT-proBNP (pg/mL) 1,231 [584–2,998]　　　 1,490 [763–3,734]　　　 1,091 [497–2,772]　　　 <0.01

    Albumin (g/dL) 3.5 [3.2–3.7]　　　　 3.5 [3.2–3.7]　　　　 3.5 [3.3–3.7]　　　　 　0.04

    Hemoglobin (g/dL) 11.3 [10.3–12.7]　　 11.0 [10.0–12.3]　　 11.4 [10.4–13.0]　　 <0.01

    Cystatin C 33 (8) 1.29 [1.05–1.76]　　 1.41 [1.10–2.02]　　 1.23 [1.04–1.66]　　 <0.01

    eGFRcys (mL/min/1.73 m2) 33 (8) 48.0 [32.6–63.1]　　 43.8 [27.1–57.8]　　 51.5 [34.9–64.9]　　 <0.01

Medication

    β-blocker 264 (67) 108 (74) 156 (62) 　0.01

    ACEi or ARB 197 (50)   66 (46) 131 (52) 　0.19

    MRA 177 (45)   68 (47) 109 (44) 　0.53

    Loop diuretics 246 (62)   91 (63) 155 (62) 　0.88

    Tolvaptan   76 (19)   43 (30)   33 (13) <0.01

    Statin 215 (54)   71 (49) 144 (58) 　0.10

    SGLT2i 27 (7)      1 (0.7)   26 (10) <0.01

CR

  �  Time between admission and start of CR 
(days)

6 [4–9]　　　　　　　 7 [5–10]　　　　　 6 [3–9]　　　　　　　 　0.01

    Duration of CR (days) 12 [7–21]　　　　　　　 18 [11–27]　　　　　 10 [6–16]　　　　　　　 <0.01

    No. CR sessions 7 [4–13]　　　　　 11 [6–15]　　　　　　　 6 [3–11]　　　　　 <0.01

    Total time of CR (min) 340 [180–580]　　　 400 [240–680]　　　 280 [140–520]　　　 <0.01

(Table 1 continued the next page.)
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psychological stress or acute disease in the past 3 months, 
neuropsychological problems, and body mass index (BMI) 
and is scored from 0 to 14. The daily energy intake was 
estimated as reported previously.8,10

Cognitive function was assessed before hospital discharge 
using Mini-Cog©, which combines a 3-item recall test and 
clock drawing test. The test method was based on the 
Mini-Cog© website (https://mini-cog.com). Patients were 
scored using a 5-point scale (0=worst; 5=best), with scores 
<3 points being considered abnormal.27,28

Medication adherence was assessed using the 12-item 
Medication Adherence Scale,29 comprising 4 subscales: 
medication compliance, collaboration with healthcare pro-
viders, willingness to access and use information about 
medication, and acceptance to take medication and how 
taking medication fits the patient’s lifestyle. Each item was 
rated on a 5-point Likert-type scale, with answers ranging 
from 1 (never) to 5 (always). Scores were summed for each 
subscale and total scores ranged from 14 to 70 points, with 
higher scores indicating better adherence.29 A trained phar-
macist evaluated medication adherence before discharge.

HF knowledge level was assessed using the Japanese 
Heart Failure Knowledge Scale, which is a valid and reli-
able tool.30 The scale has 15 items on general HF (2 items), 
HF symptoms/signs (4 items), and treatment/self-care (9 
items). Patients answered “yes”, “no”, or “I don’t know”. 
Correct answers received 1 point and incorrect or “I do not 
know” answers received 0 points. Total scores ranged from 
0 to 15 points, with higher scores indicating better HF 
knowledge.30 Trained nurses evaluated the HF knowledge 
level before discharge.

The home care support level was evaluated using the 
Home Care Score (HCS),31 comprising 7 components 
related to the ability for care support (care provider’s 
health; availability of a care provider; availability of a 
substitute care provider; care provider’s motivation; bed-
room availability; home environment [rental house or 
owned home]; and family income and expected public pen-
sion) and 8 components related to the patient’s general 
condition (ability to feed oneself, bathe, transfer, dress, 
and use the toilet; verbal communication skills; mental 
status; medical condition; and motivation). Each compo-
nent was scored from 0 to 4 points, with total scores rang-
ing from 0 to 21 points. Trained nurses assessed the HCS 
during hospitalization.

into patients’ clinical characteristics using 8 scales: physical 
function, functional status, comorbidities, nutritional sta-
tus, medication adherence, level of knowledge about HF, 
cognitive function, and home care support levels (Figure 1). 
Each scale is scored using a 5-point scoring system (excel-
lent=5, good=4, fair=3, poor=2, failure=1), plotted on a 
radar chart (Supplementary Table) with reference to previ-
ous research.23 Higher scores and larger charts indicate 
better conditions, whereas lower scores and smaller charts 
denote poorer conditions (Supplementary Figure). The CS 
is designed to enhance the visualization of individual 
patients’ clinical characteristics, fostering an intuitive 
understanding of clinical issues and their significance 
among MDT team members with diverse expertise.

Physical function was assessed using the Short Physical 
Performance Battery (SPPB), consisting of a 4-meter gait 
speed test, a time-based test for 5 repeated chair stands, 
and a balance test (side-by-side, semitandem, and tandem 
stands).24 The SPPB was scored on a scale of 0 (worst) to 
12 (best) points, with scores of 0–4 points awarded for each 
component.

Functional status for basic activities of daily living was 
assessed using the Barthel Index by trained physical thera-
pists before discharge.6,8 The Barthel Index consists of 10 
questions about feeding, transfers, grooming, toilet use, 
bathing, ambulation, stair climbing, dressing, and bowel 
and bladder care, with scores ranging from 0 (complete 
dependence) to 100 (complete independence).

Comorbidities were assessed using the Charlson Comor-
bidity Index (CCI) on the basis of medical information 
including the patient’s history and prescribed drugs.10,25 
The CCI considers 19 conditions: myocardial infarction, 
congestive HF, peripheral artery disease, cerebrovascular 
disease, dementia, chronic pulmonary disease, connective 
tissue diseases, rheumatic disease, peptic ulcer disease, mild 
liver disease, diabetes with or without chronic complica-
tions, hemiplegia/paraplegia, renal disease, any malig-
nancy without metastasis, leukemia, lymphoma, moderate 
or severe liver disease, metastatic solid tumor, and HIV 
infection.

Nutritional status was assessed using the Mini Nutritional 
Assessment Short Form (MNA-SF) within 3 days before 
discharge, as described previously.8,10,26 The MNA-SF con-
sists of 6 questions about reducing food intake over the past 
3 months, weight loss during the past 3 months, mobility, 

No. missing  
(%)

Overall  
(n=395)

Non-CS group  
(n=145)

CS group  
(n=250) P value

Socioeconomic status

    Living alone   93 (24)   44 (30)   49 (20) 　0.02

  �  Certification in national long-term care 
insurance

174 (44)   73 (50) 101 (40) 　0.06

Cognitive function

    Mini-Cog score (points) 5 [4–5]　　　　　　　 5 [4–5]　　　　　　　 NA

    Home care score 15 [13–17]　　　　　 15 [13–17]　　　　　 NA

    Medication adherence score 57 [52–63]　　　　　 57 [52–63]　　　　　 NA

    HF knowledge level 11 [8–13]　　　　　　　 11 [8–13]　　　　　　　 NA

Unless indicated otherwise, data are given as the mean ± SD, median [interquartile range], or n (%). ACEi, angiotensin-converting enzyme 
inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CR, cardiac rehabilitation; CS, conference sheet; eGFRcys, cystatin 
C-based estimated glomerular filtration rate; HF, heart failure; LVEF, left ventricular ejection fraction; MNA-SF, mini nutritional assessment 
short form; MRA, mineralocorticoid receptor antagonist; n, number of patients for whom the parameter was available; NT-proBNP, N-terminal 
pro B-type natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood pressure; SGLT2i, sodium-glucose cotransporter 
2 inhibitor.
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0.83). Inverse probability of treatment weighting (IPTW) 
was calculated using the PS to minimize differences in 
potential confounding factors between the 2 groups. The 
CS group was weighted by 1/PS and the non-CS group was 
weighted by 1/(1−PS). The standardized mean difference 
(SMD) was used to confirm covariate balance before and 
after IPTW, with >0.1 considered a meaningful difference. 
Unadjusted and inverse probability of treatment-weighted 
Cox proportional hazards analyses were performed to 
evaluate the impact of CS implementation on long-term 
outcomes. For sensitivity analysis, multivariate Cox pro-
portional hazard analyses were performed with adjustment 
for variables in the PS calculation.

Missing data were imputed using multiple imputation 
analysis, in which the imputation model included the out-
come and all exposures and adjustment variables. Assum-
ing missing at random, we performed 100 imputations 
using chained equations and pooled the estimates to obtain 
least square means, ORs, or hazard ratios (HRs) following 
Rubin’s rule.33

Two-tailed P<0.05 was considered statistically signifi-
cant. Statistical analyses were performed using JMP Pro 
version 17.0.0 (SAS Institute Inc., Cary, NC, USA) and R 
version 4.2.1 (R Foundation for Statistical Computing, 
Vienna, Austria; https://www.R-project.org/).

Results
Of 421 HF patients who were screened, 395 patients (non-
CS group: 145 patients; CS group: 250 patients) were ana-
lyzed (Figure 2).

Baseline Characteristics
Baseline characteristics were determined from discharge 
data. The median age of the patients was 79 years (IQR 
72–85 years) and 48% of the patients were women. The 
median BMI of the patients was 21.6 kg/m2 (IQR 19.2–
24.1 kg/m2). At the time of enrollment, 3%, 61%, and 
36% of patients were classified as having NYHA Class 
I, II, and III, respectively. The median LVEF of the 
patients was 51.2% (IQR 36.7–63.6%), and 29% of patients 
were classified as having HFrEF. The most frequent 
etiology of HF was valvular heart disease (43%), followed 
by cardiomyopathy (25%) and ischemic cardiomyopathy 
(18%). Hypertension, diabetes, CKD, and atrial fibrillation 
were present in 73%, 42%, 71%, and 43% of patients, 
respectively.

A comparison of baseline characteristics between the 
non-CS and CS groups showed that there were significant 
differences (Table 1). Patients in the CS group had signifi-
cantly higher body weight, significantly lower BMI, a sig-
nificantly lower prevalence of a history of hospital admission 
due to HF, a significantly higher prevalence of dyslipid-
emia, a significantly lower prevalence of atrial fibrillation, 
a significantly lower CCI, a significantly lower MNA-SF 
score, significantly lower energy and protein intake, sig-
nificantly lower NT-proBNP and cystatin C concentra-
tions, significantly higher serum albumin, hemoglobin, and 
eGFRcys levels, significantly less frequent usage of β-blockers 
and tolvaptan, and a significantly more frequent usage of 
SGLT2i. The CS group also included fewer patients living 
alone. In addition, patients in the CS group started multi-
disciplinary cardiac rehabilitation sooner, although with 
shorter durations, fewer sessions, and reduced total time 
dedicated to cardiac rehabilitation.

Collection of Data for Other Clinical Parameters
Demographic data, medications, and laboratory and echo-
cardiographic data were obtained from patients’ medical 
records.

Laboratory data for N-terminal pro B-type natriuretic 
peptide (NT-proBNP), serum albumin, hemoglobin, cys-
tatin C, and cystatin C-based glomerular filtration rate 
(eGFRcys) were obtained within 7 days before discharge. 
The eGFRcys was calculated using an equation developed 
for Japanese individuals.32 Chronic kidney disease (CKD) 
was defined as eGFRcys <60 mL/min/1.73 m2. Transtho-
racic echocardiography was performed by the standard 
protocol, and left ventricular ejection fraction (LVEF) was 
measured by the modified Simpson method; HF with 
reduced ejection fraction (HFrEF) and HF with preserved 
ejection fraction (HFpEF) were defined as LVEF <40% 
and ≥50%, respectively.

Clinical Outcomes
In-hospital outcomes included SPPB at discharge, Barthel 
Index score at discharge, length of hospital stay, and hos-
pital transfer rate. Long-term outcomes were the first 
adverse event, a composite of all-cause death and unsched-
uled readmission due to worsening HF. An episode of 
worsening HF was defined as either an unplanned sched-
uled hospitalization for HF or an urgent visit due to wors-
ening HF symptoms. Clinical endpoints were obtained for 
up to 2 years after enrollment.

Statistical Analyses
Data are presented as the mean ± SD, median with interquar-
tile range (IQR; 25th–75th percentile), or numbers with per-
centages. Baseline characteristics were compared using 
Welch’s t-test, the Mann-Whitney U test, or the Chi-squared 
test as appropriate.

In-hospital outcomes were compared between the non-
CS and CS groups using analysis of covariates or logistic 
regression analyses. Adjusted least square means or odds 
ratios (ORs) with 95% confidence intervals (CIs) were cal-
culated by incorporating age, sex, BMI, New York Heart 
Association (NYHA) functional class, history of hospital 
admission due to HF, CCI, dyslipidemia, atrial fibrillation, 
log-transformed NT-proBNP concentration, eGFRcys, 
albumin, hemoglobin, duration between admission and the 
start of cardiac rehabilitation, the use of a β-blocker, an 
angiotensin-converting enzyme inhibitor (ACEi) or an 
angiotensin receptor blocker (ARB), a mineralocorticoid 
receptor antagonist (MRA), a sodium-glucose cotrans-
porter 2 inhibitor (SGLT2i), and tolvaptan for the adjust-
ments.

To explore the impact of the implementation of the CS 
on long-term outcomes, survival curves were calculated by 
the Kaplan-Meier method, and the statistical significance 
of differences between the curves was assessed using log-
rank statistics.

A multivariate logistic regression model was fit to calculate 
the propensity scores (PS) for the CS group based on the 
following baseline variables: age, sex, BMI, NYHA functional 
class, history of hospital admission due to HF, LVEF <40%, 
CCI >2, dyslipidemia, atrial fibrillation, NT-proBNP, 
eGFRcys, albumin, hemoglobin, use of a β-blocker, ACEi, 
or ARB, MRA, and SGLT2i, living alone, certification in 
national long-term care insurance, and length of hospital 
stay. The area under the receiver operating characteristic 
(ROC) curve for the PS model was 0.79 (95% CI 0.74–

Advance Publication

https://www.R-project.org/


7Multidisciplinary Information Sharing in Older HF

Meier survival curves demonstrated that patients in the CS 
group had a lower composite event rate than patients in 
the non-CS group (22% vs. 41%, respectively; log-rank 
test, P<0.01; Figure 3).

After IPTW, the SMDs of all covariates were <0.1, indi-
cating that baseline differences in the incorporated covari-
ates, including duration of hospital stay, hemoglobin level, 
CCI, and medication use, were substantially improved 
(Figure 4).

Univariate Cox proportional hazard analysis revealed a 
55% reduction in the risk of composite events for patients 
in the CS group compared with the non-CS group (HR 
0.45; 95% CI 0.31–0.64; P<0.01; Table 3). This was also the 
case for the inverse probability of treatment-weighted Cox 
proportional hazard analysis, which showed a 39% reduc-
tion in the risk of the composite event for patients in the 
CS group compared with the non-CS group (HR 0.61; 95% 
CI 0.37–0.98; P=0.04; Table 3). Similar results were 
obtained in the sensitivity analysis, with a 44% risk reduc-
tion in composite events for patients in the CS group com-
pared with the non-CS group (HR 0.56; 95% CI 0.37–0.84; 

Impact of Radar Chart-Based Information Sharing Through 
the CS on In-Hospital Outcomes
Table 2 outlines the comparative in-hospital outcomes 
between the non-CS and CS groups. After adjusting poten-
tial confounders, including the use of guideline-directed 
cardioprotective medications, we observed that patients in 
the CS group had significantly higher SPPB scores, signifi-
cantly higher Barthel Index scores, and significantly 
shorter lengths of hospital stay than patients in the non-CS 
group. Furthermore, the multivariate logistic regression 
model showed a tendency of higher OR in the CS group 
for achieving a Barthel Index >85 points (OR 1.69; 95% CI 
0.95–3.00; P=0.08). More importantly, patients in the CS 
group had a significantly higher OR of being discharged 
home (OR 2.72; 95% CI 1.41–5.26; P<0.01) than those in 
the non-CS group.

Impact of Radar Chart-Based Information Sharing Through 
the CS on Long-Term Outcomes
During a mean follow-up period of 1.48±0.71 years, 115 
patients (29%) experienced composite events. Kaplan-

Table 2.  Comparisons of In-Hospital Outcomes Between Patients in the Non-CS and CS Groups

No. missing  
(%)

Non-CS group  
(n=145)

CS group  
(n=250) P value

SPPB (points) 68 (17) 7.3 (6.1–8.4)　　 8.3 (7.3–9.3)　　 <0.01

Barthel Index score (points) 75.3 (70.0–80.5) 78.9 (74.3–83.5)   0.03

Barthel Index score ≥85 points 1.00 (Ref.) 1.69 (0.95–3.00)   0.08

Length of hospital stay (days) 35.1 (28.6–41.7) 28.1 (22.3–33.9) <0.01

Home discharge 1.00 (Ref.) 2.72 (1.41–5.26) <0.01

Unless indicated otherwise, data are presented as least square means or odds ratio (95% confidence intervals). 
Missing values were imputed by the multiple imputation technique. Statistical analyses were performed based on 
analysis of covariates or logistic regression analyses with adjustment for age, sex, BMI, NYHA functional class, 
history of hospital admission due to heart failure, Charlson comorbidity index, dyslipidemia, atrial fibrillation, log 
NT-proBNP, eGFRcys, albumin, hemoglobin, duration between admission and start of CR, the use of β-blockers, the 
use of an ACEi or ARB, the use of mineralocorticoid receptor antagonists, the use of SGLT2i, and the use of tolvap-
tan. CS, conference sheet; SPPB, Short Physical Performance Battery. Other abbreviations as in Table 1.

Figure 3.    Kaplan-Meier survival curves 
for patients in the non-CS and CS groups. 
CS, conference sheet.
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characteristics of older HF patients in an MDT context. 
We analyzed the impact of the radar chart-based informa-
tion sharing system on in-hospital and long-term outcomes. 
Our results indicated noticeable in-hospital enhancements 
in the CS group, encompassing elevated SPPB and Barthel 
Index scores, diminished length of hospital stays, and 
increased discharge-to-home rates. Furthermore, a signifi-
cant 39% risk reduction in the composite event rate was 
observed in the CS group compared with the non-CS 
group, reinforcing the potential advantages of radar chart-
based information sharing in MDT approaches for older 
HF patients.

P<0.01; Table 3).
The impact of implementing CS on long-term outcomes 

in the subgroups of interest was examined (Figure 5). There 
were no significant differences in HRs for composite events 
among the subgroups, including subgroups for age, sex, 
nutritional status, functional status, physical performance, 
and duration of hospital stay (Figure 5).

Discussion
In this study we developed a novel CS featuring an 8-com-
ponent radar chart for visualizing and sharing clinical 

Figure 4.    Distributions of (A) propensity scores and (B) standardized mean differences before and after inverse probability of 
treatment weighting (IPTW). ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CS, conference 
sheet; eGFRcys, cystatin C-based estimated glomerular filtration rate; Log NT-proBNP, log-transformed N-terminal pro B-type 
natriuretic peptide; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart 
Association; SGLT2, sodium-glucose cotransporter 2.

Table 3.  Long-Term Outcome by Cox Proportional Hazard Analysis for Composite Event

Non-CS group:  
HR

CS group: HR  
(95% CI) P value

Univariate model 1.00 0.45 (0.31–0.64) <0.01

IPTW model 1.00 0.61 (0.37–0.98) 0.04

Multivariate model 1.00 0.56 (0.37–0.84) <0.01

The multivariate model was adjusted for age, sex, BMI, NYHA functional class, history of hospital admission due to 
heart failure, LVEF <40%, Charlson comorbidity index >2, dyslipidemia, atrial fibrillation, log-transformed NT-proBNP 
concentration, eGFRcys rate, albumin, hemoglobin, the use of β-blockers, the use of an ACEi or ARB, the use of 
mineralocorticoid receptor antagonists, the use of SGLT2i, living alone, certification in national long-term care insur-
ance, and length of hospital stay. CI, confidence interval; HR, hazard ratio; IPTW, inverse probability of treatment 
weighting. Other abbreviations as in Tables 1,2.
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suggest that the CS may facilitate the comprehension of 
patients’ physical functionality and overall wellbeing 
among areas of different expertise, leading to more effec-
tive interventions. Consequently, the reduced length of 
hospital stay could stem from more efficient care coordina-
tion and resource distribution, outcomes attributable to 
our radar chart-based information sharing via CS. Such 
advances in in-hospital outcomes may cascade, potentially 
leading to a decrease in composite event risk for patients 
under the care of the CS group.

Importantly, it is crucial to note that the CS is not only 
a tool for information sharing, but can also act as a cata-
lyst to transform MDT interventions. An earlier case study 
affirmed the efficacy of an 8-component radar chart for 
evaluating older HF patients’ conditions, aiding healthcare 
professionals to enhance patient conditions and prolong 
life expectancy based on the Seattle Heart Failure Model.23 
This underlines the potential of radar chart-based informa-
tion sharing for improving clinical outcomes and overall 
patient care. Our findings suggest that the CS facilitates the 
identification of individualized patient care needs and 
areas requiring immediate attention, thereby informing the 
decision-making process. This promotes improvements in 
patient care, efficient resource distribution, and enhanced 
interdisciplinary collaboration.

When comparing the risk reduction in our study with 
preceding research, it is essential to consider each study’s 
unique context and methods. Our study focused on radar 
chart-based information sharing in MDT approaches, 
whereas others have focused on various aspects of MDT 
approaches, including team composition, intervention 

Given the complexity of managing older HF patients, 
attributed to challenges such as diminished physical func-
tion, functional disabilities, multiple comorbidities, poly-
pharmacy, malnutrition, cognitive impairment, and social 
disconnection,5–11,34 a comprehensive coordinated care 
approach becomes essential. The MDT concept has proven 
effective in various areas of cardiovascular medicine,35 fos-
tering interdisciplinary collaboration among diverse 
healthcare professionals.36 This, in turn, enables individu-
alized care plans and augments communication within the 
team, culminating in positive patient outcomes such as 
decreased HF hospitalization rates, all-cause mortality, 
healthcare costs, improved self-care adherence, and the 
utilization of guideline-directed medical treatment.13–16

Our novel CS integrates an 8-component radar chart to 
visually distill the complexities of older HF patients’ clini-
cal conditions, thereby augmenting interdisciplinary com-
prehension among the MDT members. Its visually intuitive 
format enables quick identification of areas requiring 
attention, thereby optimizing patient care priorities and 
reinforcing decision making and interdisciplinary collabo-
ration.37,38 Conversely, inadequate information sharing 
may result in fragmented care, increased risk of errors, and 
unfavorable outcomes. Through the visual advantages of 
radar charts, team members can collaborate more effi-
ciently and make well-informed decisions, ultimately 
enhancing patient care and outcomes.37,38

Our findings can be interpreted within the broader lit-
erature on MDT approaches and information sharing in 
healthcare. The significant improvements in short-term 
outcomes, such as increased SPPB and Barthel Index scores, 

Figure 5.    Subgroup analyses of the impact of a novel conference sheet (CS) on long-term outcomes. Models were weighted using 
propensity score overlap weighting. BMI, body mass index; CI, confidence interval; CKD, chronic kidney disease; DM, diabetes 
mellitus; HF, heart failure; HRs, hazard ratios; LVEF, left ventricular ejection fraction; MNA-SF, Mini Nutritional Assessment Short-
Form; NYHA-FC, New York Heart Association functional class.
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