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ARB Global Outcomes in HF With Preserved Ejection 
Fraction), DAPA-HF (Dapagliflozin and Prevention 
of Adverse Outcomes in Heart Failure), DELIVER 
(Dapagliflozin in Heart Failure with Mildly Reduced or 
Preserved Ejection Fraction), EMPEROR-Reduced 
(Empagliflozin Outcome Trial in Patients with Chronic 
Heart Failure and a Reduced Ejection Fraction), and 
EMPEROR-Preserved (Empagliflozin Outcome Trial in 
Patients with Chronic Heart Failure with Preserved 
Ejection Fraction), have demonstrated reductions in HF 
hospitalizations and deaths of HF patients.1–6 The results 

H eart failure (HF) is a major cause of morbidity 
and mortality globally, with its prevalence pro-
jected to rise. Recent advances in HF drug therapy, 

such as angiotensin-receptor-neprilysin inhibitors (ARNI) 
and sodium–glucose cotransporter 2 (SGLT2) inhibitors, 
have significantly improved HF management. Major ran-
domized controlled trials (RCTs) using ARNI and SGLT2 
inhibitors, comprising PARADIGM-HF (Prospective 
Comparison of ARNI With ACEI to Determine Impact 
on Global Mortality and Morbidity in Heart Failure), 
PARAGON-HF (Prospective Comparison of ARNI With 
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Background:  Heart failure (HF) management has been improved by guideline-directed medical therapy (GDMT) based on findings 
of major randomized controlled trials (RCTs). However, the applicability of these findings to real-world HF populations, especially 
Japan’s current super-aged society, remains uncertain.

Methods and Results:  We analyzed findings for chronic HF patients from the KUNIUMI registry, a prospective observational study 
conducted on Awaji Island, Japan, representative of a super-aged society (aging rate ≈37%). We determined what percentage of 
these patients met the inclusion criteria as well as the exclusion criteria of 6 major representative RCTs (PARADIGM-HF, PARAGON-
HF, DAPA-HF, DELIVER, EMPEROR-Reduced, EMPEROR-Preserved) and compared the incidence of cardiovascular death and 
HF hospitalization over 3 years for patients who did and did not meet the exclusion criteria. Of the 1,646 patients from the KUNIUMI 
registry, 225 were eligible for PARADIGM-HF, DAPA-HF and EMPEROR-Reduced, 554 for PARAGON-HF, and 631 for DELIVER 
and EMPEROR-Preserved. The exclusion percentages for the overall eligible population were 48.4% (PARADIGM-HF), 36.4% 
(DAPA-HF), 42.7% (EMPEROR-Reduced), 57.9% (PARAGON-HF), 32.3% (DELIVER), and 31.4% (EMPEROR-Preserved). It 
should be noted that ineligible patients had a poorer prognosis than eligible patients (P<0.05 for each trial).

Conclusions:  The population gap between HF patients in major RCTs and the current super-aged society underscores the need 
for further evidence of GDMT in real-world settings.
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proportion of patients from the KUNIUMI Registry who 
met the inclusion criteria of each RCT and the respective 
exclusion criteria. The inclusion criteria for PARADIGM-
HF, DAPA-HF and EMPEROR-Reduced were symptom-
atic HF and left ventricular ejection fraction (LVEF) 
≤40%; for PARAGON-HF, they were symptomatic HF 
and LVEF >45%; and for DELIVER and EMPEROR-
Preserved they were symptomatic HF and LVEF >40%. 
The main exclusion criteria derived from each RCT are 
shown in the Supplementary Table.

Outcomes
We compared the incidence of the composite endpoint of 
cardiovascular death and HF hospitalization as the pri-
mary outcome over 3 years for patients who met the exclu-
sion criteria (“ineligible population”) and those who did 
not (“eligible population”). Cardiovascular death was 
defined as death resulting from HF, myocardial infarction, 
or stroke, cardiac death, or any documented sudden death 
without an apparent noncardiovascular cause.

To clarify a comprehensive framework for understand-
ing HF populations in a super-aged society, we analyzed 
856 patients with symptomatic HF as part of an overall 
prognostic comparison. In this analysis, the exclusion cri-
teria of all relevant RCTs were applied based on each 
patient’s LVEF. Patients were classified into the “excluded 
group” if they met at ≥1 exclusion criterion across these 
RCTs. Conversely, those who did not meet any exclusion 
criteria were assigned to the “eligible group”.

Furthermore, we analyzed the differences in primary 
outcomes based on adherence to GDMT in the excluded 
population. Our survey period was between March 2019 
and March 2021, and SGLT2 inhibitors were not approved 
for HF with preserved EF (HFpEF) patients in Japan at 
that time. Considering this situation, we analyzed the rela-
tionship between the primary outcome and adherence to 
GDMT at baseline only in the HF with reduced EF 
(HFrEF) population. We defined the number of GDMT 
drugs patients described, including angiotensin-converting 
enzyme inhibitor (ACE-I) or angiotensin-receptor blocker 
(ARB), mineralocorticoid receptor antagonist (MRA), 
β-blocker, and SGLT2 inhibitor, as the parameter of 
adherence to GDMT.

Statistical Analysis
Continuous variables are expressed as the mean ± standard 
deviation for normally distributed data and as median with 
interquartile range for non-normally distributed data. Cat-
egorical variables are expressed as frequencies and percent-
ages. Differences between groups were assessed using 
Student’s t-test for continuous variables and χ2 test for 
categorical variables. Survival curves excluding composite 
endpoints were determined using the Kaplan-Meier 
method, and cumulative event rates were compared using 
the log-rank test. For all steps, a P<0.05 was considered 
statistically significant. All analyses were performed using 
commercially available software (MedCalc software version 
22.030; MedCalc Software, Mariakerke, Belgium).

Results
Percentages of Patients Meeting the Inclusion Criteria for 
Each RCT
Between March 2019 and March 2021, 1,646 patients with 
chronic HF were enrolled in the KUNIUMI registry chronic 

of these RCTs have precipitated a paradigm shift in HF 
treatment guidelines, emphasizing the need for integration 
of these therapies into standard care.7,8

However, the generalizability of the application of these 
findings for the broader HF patient population remains 
controversial because RCTs often use strict inclusion and 
exclusion criteria, resulting in a particular cohort that may 
not fully represent the diverse demographics and clinical 
characteristics of patients encountered in real-world set-
tings. This selection bias raises concerns about the applica-
bility and effectiveness of these guideline-directed medical 
therapies (GDMT) in clinical practice. For the elderly HF 
population in particular, characterized by comorbidities, 
frailty, and medication intolerance, the gap between RCT 
outcomes and real-world results can be expected to widen. 
Therefore, it is crucial to assess the extent to which real-
world patients in aging populations meet the inclusion and 
exclusion criteria of these RCTs and to evaluate the real-
world effectiveness of GDMT for HF management in the 
future.

The KUNIUMI (Kobe UNIversity Heart FailUre 
Registry in Awaji MedIcal Center) registry chronic cohort 
is a community-based, prospective, observational study 
designed to collect and analyze real-world data for chronic 
HF patients on Awaji Island, Japan. The registry includes 
a diverse range of HF patients, thus differing from those 
analyzed in RCTs. Japan is currently the first and only 
country to become a super-aged society, with >21% of its 
population aged ≥65 years, and this aging trend is expected 
to spread to other countries in the coming decades. Awaji 
Island is one of the most super-aged societies in the world, 
with a demographic profile similar to that projected for 
Japan in 20 years.9 For our study we used the KUNIUMI 
registry to determine the proportion of patient cohorts 
meeting the exclusion criteria of the 6 representative RCTs 
cited by international guidelines as the basis for GDMT 
and to clarify the applicability of GDMT for HF practice 
in the future. Furthermore, by studying the patient cohorts 
satisfying the inclusion criteria of the RCTs, we aim to 
identify patient groups requiring further evidence support-
ing the need for GDMT in a real-world context.

Methods
Study Cohort
Patients with chronic HF enrolled in the KUNIUMI reg-
istry chronic cohort between March 2019 and March 2021 
were analyzed in this study. With an aging rate of approx-
imately 37%, Awaji Island is representative of a super-aged 
society. Approximately 2,700 patients, or 2% of the total 
population, are currently enrolled in this comprehensive 
study.9 Details of the KUNIUMI registry chronic cohort 
have been reported elsewhere. Briefly, patients aged ≥20 
years with either significant coronary artery disease or 
Stage B, C, or D HF, as defined by the American College 
of Cardiology/American Heart Association guidelines, 
were enrolled.8 This current study was approved by the 
Ethics Committee of Hyogo Prefectural Awaji Medical 
Center in conformity with the Declaration of Helsinki 
(approval No. 21-20, 5 October 2018).

Selection of RCTs
The RCTs selected for this study were PARADIGM-HF, 
PARAGON-HF, DAPA-HF, DELIVER, EMPEROR-
Reduced, and EMPEROR-Preserved. We examined the 
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was similar for all studies, although diabetes mellitus was 
higher for the ineligible population of DELIVER and 
EMPEROR-Preserved, and hypertension was lower for 
the ineligible population of PARADIGM-HF. The history 
of hospitalization for HF was statistically higher for the 
ineligible than for the eligible population. ACE-I or ARB 
use was detected more frequently in the eligible population 
of DELIVER, EMPEROR-Reduced, and EMPEROR-
Preserved. MRA use was lower for the ineligible popula-
tion of DELIVER, while diuretic use was higher for 
PARAGON-HF.

Cause and Incidence of Exclusions
The cause and incidence of exclusions for each RCT are 
shown in Figure 2. The ratio of exclusion factors was cal-
culated based on the number of patients meeting the exclu-
sion criteria in the included population. Low SBP and low 
eGFR were the most common exclusions for all RCTs of 
the real-world population. The percentages of low SBP and 
low eGFR for the population included in each of the RCTs 
were, respectively: 24.0% and 20.4% for PARADIGM-
HF, 23.6% and 26.0% for PARAGON-HF, 13.8% and 
20.4% for DAPA-HF, 7.1% and 18.5% for DELIVER, 
24.0% and 11.1% for EMPEROR-Reduced, 10.6% and 
13.3% for EMPEROR-Preserved.

Age Group Comparison
Because the median age of the population for all RCTs was 
approximately 80 years, the patients were divided into 3 
groups: very elderly (≥85 years), elderly (65–84 years), and 
non-elderly (<65 years). The exclusion rate was then ana-
lyzed in accordance with age (Figure 3). There were no 
significant differences in the exclusion rates between each 
two of the age groups in any of the RCTs. The overall 
analysis also revealed no significant associations with 
exclusion rate and age (Supplementary Figure 1, P=0.35, χ2 
test for trend).

cohort. Among them, 856 patients were symptomatic HF, 
defined as Stage C or D. Of these 856 patients analyzed in 
this study, 225 met the inclusion criteria based on LVEF 
for each of the trials individually: PARADIGM-HF, 
DAPA-HF, and EMPEROR-Reduced. Additionally, 554 
patients were eligible for PARAGON-HF. For DELIVER 
and EMPEROR-Preserved, 631 patients met the inclusion 
criteria for each trial individually. We categorized the 
patients into 2 groups: the ineligible population, who met 
the exclusion criteria for each of the RCTs, and the eligible 
population, who were suitable for randomization in the 
RCTs. Based on the exclusion criteria for PARADIGM-
HF, 109 patients were ineligible, and 116 patients were 
eligible, resulting in an exclusion rate, defined as the num-
ber of ineligible patients divided by the number of patients 
meeting the inclusion criteria, of 48.4%. For PARAGON-
HF, 321 patients were ineligible (57.9% exclusion rate), for 
DAPA-HF, 82 (36.4%), for DELIVER, 204 (32.3%) for 
EMPEROR-Reduced, 96 (42.7%), and for EMPEROR-
Preserved, 198 (31.4%) (Figure 1). Of the 856 patients 
included in the analysis, 480 (56.1%) were classified as the 
overall ineligible population.

Patients’ Characteristics
The characteristics of the examined population from the 
KUNIUMI registry based on RCTs inclusion/exclusion 
criteria, are shown in the Table. Baseline data, medical his-
tory, and medications for the eligible and ineligible popula-
tions of each RCT were compared. The median age for all 
RCTs was approximately 80 years old for the 2 groups and 
not statistically different. All 6 RCTs showed that systolic 
blood pressure (SBP) was lower for the ineligible popula-
tion than the eligible population, hemoglobin, albumin, 
and estimated glomerular filtration rate (eGFR) were also 
lower, but serum creatinine and B-type natriuretic peptide 
levels were higher for the ineligible group. The prevalence 
of diabetes mellitus, hypertension and atrial fibrillation 

Figure 1.    Exclusion rate for each randomized controlled trial.
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ulation in RCTs for HFpEF (PARAGON-HF, DELIVER, 
and EMPEROR-Preserved), though this was not observed 
in RCTs for HFrEF (PARADIGM-HF, DAPA-HF, and 
EMPERO-Reduced) (Figures 6,7).

The results of the subgroup analysis examining the rela-
tionship between primary outcomes and adherence to GDMT 
at baseline in the HFrEF population are presented in 
Supplementary Figure 2. Of the 226 HFrEF patients enrolled 
in this study, participants were categorized into 3 groups 
based on the number of GDMT drugs used at baseline: 0, 
1–2, and 3–4. The incidence of primary outcome events 
was 42.9% (3/7) in patients receiving no GDMT drugs, 
40.0% (24/60) in those receiving 1–2 drugs, and 23.6% 
(13/55) in those receiving 3–4 drugs. Although the differ-
ences were not statistically significant, a greater number of 
GDMT drugs at baseline was associated with more favor-
able outcomes.

Clinical Outcomes
In the overall population analysis of clinical outcomes, 856 
patients with symptomatic HF, irrespective of LVEF, were 
included. The primary endpoint was recorded for 156 
patients (32.5%) in the overall ineligible group and for 90 
patients (23.9%) in the overall eligible population. Figure 4 
shows the Kaplan-Meier curves representing the primary 
endpoint for the ineligible and eligible groups in the overall 
population, showing that outcomes for the eligible group 
were better than for the ineligible group (hazard ratio, 
0.68; 95% confidence interval [CI], 0.53 to 0.87; P<0.05). In 
addition, rates of death from cardiovascular causes and 
hospitalization for HF were higher for the ineligible than 
for the eligible group in the overall study population 
(Figure 5). Individual analyses of primary outcomes for 
each RCT demonstrated that the ineligible population 
showed worse primary outcomes than did the eligible pop-

Table.  Baseline Characteristics of Patients in 6 Selected Randomized Controlled Trials (RCTs)

Characteristic

RCTs

PARADIGM-HF DAPA-HF EMPEROR-Reduced

Eligible Ineligible P value Eligible Ineligible P value Eligible Ineligible P value

n (%) 116 (51.6) 109 (48.4) 143 (63.6) 82 (36.4) 129 (57.3) 96 (42.7)

Age, years 77.5  
(70.0–86.0)

79.0  
(70.0–87.0)

  0.63 77.0  
(70.0–85.0)

81.0  
(69.0–87.0)

  0.39 78.0  
(70.0–86.0)

79.0  
(70.0–86.0)

  0.62

Female sex, n (%)   25 (21.6)   41 (37.6) <0.05   35 (24.5) 31 (37.8) <0.05   29 (22.5) 37 (38.5) <0.05

BMI, kg/m2 23.0  
(20.5–25.0)

20.7  
(18.3–23.9)

<0.05 22.5  
(19.6–24.8)

21.0  
(18.4–24.0)

  0.06 23.0  
(20.4–25.1)

20.6  
(18.2–23.2)

<0.05

SBP, mmHg 119  
(109–131)

100  
(93.8–121)

<0.05 115  
(104–128)

108  
(92–124)

<0.05 119  
(110–130)

98.0  
(92.0–118)

<0.05

Heart rate, beats/min 71.0  
(60.5–80.0)

73.0  
(65.0–83.3)

  0.20 71.0  
(61.3–82.0)

73.5  
(65.0–83.0)

  0.42 71.0  
(60.0–80.0)

74.0  
(66.0–84.5)

<0.05

Hemoglobin, g/dL 13.3  
(11.8–14.8)

12.0  
(10.5–13.9)

<0.05 13.1  
(11.7–14.6)

12.0  
(10.5–14.0)

<0.05 13.3  
(11.8–14.7)

11.9  
(10.1–13.8)

<0.05

Potassium, mEq/L 4.00  
(3.80–4.30)

4.20  
(3.80–4.60)

<0.05 4.00  
(3.80–4.38)

4.20  
(3.80–4.60)

<0.05 4.10  
(3.80–4.40)

4.20  
(3.70–4.55)

  0.48

Albumin, g/dL 3.80  
(3.50–4.10)

3.60  
(3.20–3.90)

<0.05 3.70  
(3.40–4.10)

3.60  
(3.20–4.00)

<0.05 3.80  
(3.50–4.10)

3.50  
(3.20–3.90)

<0.05

Serum creatinine, mg/dL 1.00  
(0.85–1.26)

1.36  
(0.98–2.24)

<0.05 1.03  
(0.85–1.26)

1.65  
(1.06–2.56)

<0.05 1.08  
(0.85–1.33)

1.27  
(0.92–2.21)

<0.05

eGFR, mL/min/1.73 m2 52.0  
(42.0–63.5)

35.0  
(20.0–53.0)

<0.05 50.0  
(41.3–62.0)

27.5  
(17.0–52.0)

<0.05 49.0  
(37.0–62.3)

40.0  
(19.0–55.0)

<0.05

Clinical features of HF

    Ischemic cause, n (%)   52 (44.8)   42 (38.5)   0.34   62 (43.4) 32 (39.0)   0.53   60 (46.5) 34 (35.4)   0.10

    LVEF, % 32.0  
(27.0–37.0)

33.0  
(28.4–36.0)

  0.87 33.0  
(29.0–37.0)

31.0  
(26.0–36.0)

<0.05 33.0  
(28.0–37.2)

31.5  
(27.0–35.9)

  0.06

    BNP, pg/mL 284  
(133–630)

466  
(246–874)

<0.05 302  
(138–577)

524  
(216–1,085)

<0.05 275  
(129–627)

500  
(274–902)

<0.05

Medical history, n (%)

    Diabetes   50 (43.1)   44 (40.4)   0.68   65 (45.5) 29 (35.4)   0.14   54 (41.9) 40 (41.7)   0.98

    Hypertension   87 (75.0)   67 (61.5) <0.05 104 (72.7) 50 (61.0)   0.07   93 (72.1) 61 (63.5)   0.17

    Atrial fibrillation   48 (41.4)   59 (54.1)   0.06   65 (45.5) 42 (51.2)   0.41   55 (42.6) 52 (54.2)   0.09

    Hospitalization for HF   80 (69.0)   93 (85.3) <0.05 102 (71.3) 71 (86.6) <0.05   91 (70.5) 82 (85.4) <0.05

Treatment, n (%)

    ACE-Is or ARBs   89 (76.7)   74 (67.9)   0.14 106 (74.1) 57 (69.5)   0.46 101 (78.3) 62 (64.6) <0.05

    β-blockers 104 (89.7)   95 (87.2)   0.56 129 (90.2) 70 (85.4)   0.28 116 (89.9) 83 (86.5)   0.42

    MRAs   67 (57.8)   61 (56.0)   0.79   84 (58.7) 44 (53.7)   0.46   75 (58.1) 53 (55.2)   0.66

    Diuretics   78 (76.7)   88 (80.7)   0.46 114 (79.7) 63 (76.8)   0.61 100 (77.5) 77 (80.2)   0.63

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; BMI, body mass index; BNP, B-type natriuretic peptide; 
eGFR, estimated glomerular filtration rate; HF, heart failure; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid antagonist; RCT, 
randomized controlled trial; SBP, systolic blood pressure.

(Table continued the next page.)
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result in more patients with multiple comorbid conditions, 
thus complicating HF management, and these elderly HF 
patients will often also have functional and cognitive 
impairments. Comorbidities such as diabetes mellitus, chronic 
kidney disease (CKD), and cerebrovascular disease increase 
mortality risk, while an increase in comorbidity leads to 
higher all-cause mortality and HF rehospitalization rates. 
It should further be noted that the comorbidity burden 
lowers GDMT prescription rates and undermines the ben-
efits of GDMT. For example, some comorbidities, such as 
diabetes mellitus and CKD, delay the initiation of novel 
GDMT (i.e., SGLT2 inhibitors and ARNI) in clinical prac-
tice. Moreover, selection bias in RCTs can be significant, 
often resulting in the omission of patients with comorbid 
conditions that do not agree with the criteria. Elderly 
patients with multiple comorbidities are therefore com-
monly excluded from RCT populations, so, when evaluat-
ing the applicability of RCT-derived insights to real-world 
practice, it is imperative to take into consideration the 
entire spectrum of comorbid conditions characterizing the 
patient population. Although our findings showed the age-

Discussion
Summary of Results
We investigated the percentages of real-world patients 
meeting the exclusion criteria of representative RCTs and 
found that 30–60% of patients fulfilled them, indicating 
that the findings obtained from these RCTs did not entirely 
apply to a significant number of patients. The primary rea-
sons for exclusion were hypotension and renal impairment. 
The exclusion rate increased with age for patients in 
HFrEF RCTs, but not in HFpEF RCTs. Finally, clinical 
outcome analyses revealed that prognoses were poorer for 
ineligible patients. This difference was statistically signifi-
cant for HFpEF RCTs but not for HFrEF RCTs.

Global Increase in Elderly Population and Associated 
Comorbidities
As the global population ages, the prevalence of HF among 
elderly patients is expected to rise significantly, and Japan, 
with its high proportion of elderly citizens, serves as a pre-
cursor of global demographic trends. Such a change will 

Characteristic

RCTs

PARAGON-HF DELIVER EMPEROR-Preserved

Eligible Ineligible P value Eligible Ineligible P value Eligible Ineligible P value

n (%) 233 (42.1) 321 (57.9) 427 (67.7) 204 (32.3) 433 (68.6) 198 (31.4)

Age, years 82.0  
(74.0–87.0)

82.0  
(74.0–88.0)

  0.64 82.0  
(74.0–87.0)

82.0  
(73.5–87.0)

  0.93 82.0  
(74.0–88.0)

81.0  
(73.0–87.0)

  0.48

Female sex, n (%) 119 (51.1) 147 (45.8)   0.22 203 (47.5)   88 (43.1)   0.30 203 (46.9)   88 (44.4)   0.57

BMI, kg/m2 22.4  
(20.2–24.7)

21.4  
(18.9–24.0)

<0.05 21.8  
(19.2–24.1)

22.0  
(19.6–24.5)

  0.22 22.0  
(19.6–24.3)

21.2  
(18.7–24.0)

  0.06

SBP, mmHg 131  
(120–143)

115  
(103–136)

<0.05 123  
(112–138)

119  
(100–142)

<0.05 124  
(113–138)

114  
(96.0–141)

<0.05

Heart rate, beats/min 69.0  
(61.0–79.0)

71.0  
(63.0–79.0)

  0.47 70.0  
(62.0–79.0)

72.0  
(63.0–79.0)

  0.54 70.0  
(62.0–79.0)

72.0  
(64.8–79.0)

  0.32

Hemoglobin, g/dL 12.5  
(11.5–13.5)

11.3  
(9.70–12.6)

<0.05 12.1  
(10.9–13.4)

11.4  
(9.75–12.6)

<0.05 12.2  
(11.0–13.5)

11.1  
(9.40–12.5)

<0.05

Potassium, mEq/L 4.10  
(3.80–4.40)

4.10  
(3.90–4.43)

  0.15 4.10  
(3.80–4.40)

4.10  
(3.80–4.50)

  0.43 4.10  
(3.80–4.40)

4.10  
(3.80–4.50)

  0.96

Albumin, g/dL 3.90  
(3.50–4.10)

3.50  
(3.10–3.90)

<0.05 3.70  
(3.30–4.10)

3.50  
(3.10–3.80)

<0.05 3.80  
(3.40–4.10)

3.40  
(3.00–3.73)

<0.05

Serum creatinine, mg/dL 0.92  
(0.75–1.12)

1.29  
(0.96–2.28)

<0.05 0.98  
(0.78–1.21)

1.82  
(1.06–4.10)

<0.05 0.99  
(0.80–1.32)

1.58  
(0.97–4.40)

<0.05

eGFR, mL/min/1.73 m2 52.0  
(42.0–64.0)

33.0  
(20.0–54.0)

<0.05 49.0  
(39.0–63.0)

22.0  
(11.0–47.0)

<0.05 48.0  
(36.0–61.0)

29.5  
(10.0–55.0)

<0.05

Clinical features of HF

    Ischemic cause, n (%)   62 (26.6)   80 (24.9)   0.65 108 (25.3)   61 (29.9)   0.22 117 (27.0)   52 (26.3)   0.84

    LVEF, % 60.0  
(54.0–66.0)

58.0  
(52.0–63.0)

<0.05 57.6  
(51.0–64.0)

57.0  
(49.6–63)

  0.55 57.3  
(50.2–64.0)

57.0  
(50.0–63.0)

  0.86

    BNP, pg/mL 173  
(82.3–307)

223  
(94.7–433)

<0.05 179  
(82.4–335)

263  
(141–555)

<0.05 187  
(85.1–348)

241  
(124–528)

<0.05

Medical history, n (%)

    Diabetes   72 (30.9) 104 (32.4)   0.71 118 (27.6)   80 (39.2) <0.05 122 (28.2)   76 (38.4) <0.05

    Hypertension 184 (79.0) 234 (72.9)   0.10 315 (73.8) 157 (77.0)   0.39 327 (75.5) 145 (73.2)   0.54

    Atrial fibrillation   94 (40.3) 154 (48.0)   0.07 198 (46.4)   90 (44.1)   0.60 205 (47.3)   83 (41.9)   0.20

    Hospitalization for HF 112 (48.1) 227 (70.7) <0.05 244 (57.1) 147 (72.1) <0.05 246 (56.8) 145 (73.2) <0.05

Treatment, n (%)

    ACE-Is or ARBs 155 (66.5) 195 (60.7)   0.16 288 (67.4) 113 (55.4) <0.05 292 (67.4) 109 (55.1) <0.05

    β-blockers 156 (67.0) 209 (65.1)   0.65 287 (67.2) 135 (66.2)   0.80 296 (68.4) 126 (63.6)   0.24

    MRAs   82 (35.2) 116 (36.1)   0.82 175 (41.0)   67 (32.8) <0.05 169 (39.0)   73 (36.9)   0.60

    Diuretics 135 (57.9) 227 (70.7) <0.05 279 (65.3) 142 (69.6)   0.29 289 (66.7) 132 (66.7)   0.98
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society with an average age (78.7 years) considerably 
higher than that of the selected 6 RCTs (av. 63–73 years), 
especially as 35.6% of the patients in our study were aged 
≥85 years. The determination of medication efficacy for such 
an elderly population was based on subgroup analysis in 
the representative 6 RCTs, although evaluation for a super-
aged population (≥85 years) is inadequate. PARADIGM-
HF and PARAGON-HF did not demonstrate efficacy of 

based exclusion rate did not vary significantly, RCTs may 
also exclude patients for reasons such as frailty and demen-
tia. Therefore, exclusion rate by age requires caution when 
interpretating our results.

Evidence Gaps for Super-Aged HF Populations
The efficacy of GDMT for the super-aged population 
remains unclear. The target of our study was a super-aged 

Figure 2.    Cause and frequency for exclusion of each randomized controlled trial. AVB, atrioventricular block; CRT, cardiac resy-
chronization therapy; EF, ejection fraction; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure.

Figure 3.    Age group comparison of exclusion rates for each randomized controlled trial.
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effect of dapagliflozin or empagliflozin on HFrEF and 
HFpEF, focused on the association of age with the effect 
of SGLT2 inhibitors on HF hospitalization and cardiovas-
cular death.12–14 The age cutoffs for the 4 studies varied 
from 75 to 80 years, while the secondary analysis of the 
DAPA-HF trial specifically analyzed a subgroup of patients 
aged ≥85 years. The results indicated that, although dapa-
gliflozin did not reduce cardiovascular deaths and HF 
hospitalizations in this super-aged group, symptoms sig-
nificantly improved.12 In contrast, in the SOLD (SGLT2i 
in Older Diabetic patients) study conducted in a real-world 
setting, diabetes patients aged ≥80 years discontinued 
SGLT2 inhibitor therapy due to adverse events almost 
twice as often as younger patients.15 The benefit-risk profile 
of ARNI and SGLT2 inhibitors for super-elderly patients 
in clinical practice therefore needs further exploration.

ARNI for patients aged >75 years.1,2 However, secondary 
analysis of PARADIGM-HF reported that ARNI was 
beneficial across the age spectrum, although cardiovascular 
death and HF hospitalization occurred more frequently in 
the oldest patients.10 Although ARNI tolerance was 
observed in a real-world cohort of HFrEF patients aged 
≥80 years, symptomatic hypotension increased with age.11 
Dapagliflozin proved to be more efficacious than a placebo 
for elderly groups with age cutoffs of 65 years for DAPA-
HF and 73 years for DELIVER.3,4 The EMPEROR-Reduced 
and EMPEROR-Preserved trials, with age cutoffs of 65 
and 70 years, respectively, reported empagliflozin was ben-
eficial for HF of elderly groups.5,6 Those RCTs did not 
include subgroup analyses for individuals aged ≥85 years, 
however, nor did they provide detailed age distributions. 
Additional analysis of the RCTs, analyzing 4 studies of the 

Figure 5.    Kaplan-Meier curves representing the secondary endpoints including deaths from cardiovascular causes and hospi-
talizations for heart failure, showing that these outcomes for the eligible group were also better than for the ineligible group.

Figure 4.    Kaplan-Meier curves representing 
the primary endpoint for the ineligible group 
and the eligible group in the overall population, 
showing that outcomes for the eligible group 
were better than for the ineligible group.
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cially those aged >85 years, underscoring the need for 
more inclusive research that reflects real-world practice.

Problems Implementing GDMT for Hypotensive and 
Renally Impaired Populations Excluded in RCTs
The exclusion criterion for hypotension in the 6 representa-
tive RCTs was SBP <95–110 mmHg. A retrospective study 
indicated that 25% of hospitalized HF patients had SBP 
<105 mmHg, which correlated with an increase in deaths.18 
Hypotension often limits the use and uptitration of GDMT 
drugs. Global registry data consistently show less use of 
GDMT than do RCTs,19 despite strong recommendations 
in practice guidelines.7,8 These recommendations are based 
on some secondary analyses of RCTs indicating ARNI 
and SGLT2 inhibitors benefit hypotensive patients as much 
as they do non-hypotensive populations.20,21 It should be 
noted, however, that because these findings have been 
obtained from RCT-selected patients, they may not be 

It has been reported that conventional GDMT (β-blockers 
and MRAs) is efficacious for super-aged patients, although 
there are limits to their use in real-world settings. For 
HFrEF patients aged ≥80 years, β-blocker use has been 
associated with improvements in all-cause and cardiovas-
cular mortality rates, even though reaching target doses in 
practice is challenging. Real-world data revealed that 86% 
of patients aged ≥80 years received β-blockers, but only 
19% received the target doses, while 47.6% received <50% 
of the target dose.16 Reasons for underuse in the aged 
population include safety concerns, hypotension, comor-
bidities, frailty, polypharmacy, and age itself.16 Although 
guidelines have recommended MRAs for all patients with 
HFrEF to reduce mortality and HF hospitalization risks, 
worsening renal function and hyperkalemia related to 
MRAs have frequently been identified in older patients.17 
Consequently, there is a lack of robust evidence for the 
efficacy and safety of GDMT for the very elderly, espe-

Figure 6.    Kaplan-Meier curves representing the primary endpoint for the randomized controlled trials for heart failure patients with 
preserved ejection fraction comprising PARAGON-HF, DELIVER, and EMPEROR-Preserved, showing that outcomes for the eli-
gible group were better than for the ineligible group.

Figure 7.    Kaplan-Meier curves representing the primary endpoint for randomized controlled trials for heart failure patients with 
reduced ejection fraction comprising PARADIGM-HF, DAPA-HF, and EMPEROR-Reduced, showing that outcomes for the eligible 
group and the ineligible group were similar.



Circulation Reports  Vol.7,  May  2025

339Gap Between RCTs and Real-World HF Populations

and impaired renal function, the most common reasons for 
RCT exclusion, are highly heterogeneous in both cause 
and severity across patients. Personalized treatment strate-
gies are essential to optimize outcomes in this population, 
including careful adjustment of GDMT dosages, close 
monitoring of adverse events, and consideration of alter-
native therapies. For instance, SGLT2 inhibitors and 
vericiguat may offer benefits for patients with hypotension 
with a lower risk of adverse effects. Similarly, for patients 
with advanced CKD, emerging evidence supports the use 
of SGLT2 inhibitors and ARNI under appropriate moni-
toring. However, these strategies require further validation 
in aged patients. The super-aged population presents addi-
tional challenges, as advanced age is often associated with 
frailty, polypharmacy, and limited physiological reserves, 
complicating GDMT implementation. Our study high-
lights the need for tailored therapeutic approaches to 
address these complexities and improve patient outcomes. 
Real-world evidence and observational studies are critical 
tools to bridge the evidence gap. Registry data and 
advanced statistical approaches, such as target trial emula-
tion, can provide valuable insights into the effectiveness of 
GDMT and its adherence in these populations. Addition-
ally, future research should prioritize the inclusion of inel-
igible aged populations, such as those with hypotension or 
impaired renal function, in specifically designed clinical 
trials to improve the applicability of evidence.

Study Limitations
First, we did not analyze all the exclusion criteria of each 
RCT. The representative RCTs had approximately 20–30 
exclusion criteria, but the data available to us made it dif-
ficult to investigate all of them. For example, criteria such 
as “SBP <95 mmHg at the second outpatient visit” or “life 
expectancy of <1 year in the opinion of investigators” 
could not be included in our data, so we may have under-
estimated the exclusion rates. However, in the reference 
RCTs, the number of cases meeting such exclusion criteria 
was very small, so the effect of their inclusion would have 
been minimal. Second, all participants in this study were 
inhabitants of Awaji Island, which is unlikely to be repre-
sentative of the typical Japanese patient population or that 
of any developed country. Although Awaji Island is located 
near large cities and therefore not isolated, its unique 
demographic and environmental characteristics may have 
caused selection bias and influenced the findings. There-
fore, further studies covering a variety of regions and eth-
nic groups are needed to validate our findings.

Conclusions
Our findings revealed a significant disparity between the 
characteristics of HF patient populations enrolled in RCTs 
and those residing in a super-aged society. This emphasizes 
the critical need for further research to verify the effective-
ness of GDMT in real-world clinical settings.
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applicable for real-world patients. Available evidence 
related to hypotension of patients on GDMT indicates 
MRAs are the only drugs proven effective for hypotensive 
patients.22 Beta-blockers are essential for HFrEF treatment, 
but are rarely discontinued despite possible hypotension 
risks. ARNI usage was found to be more strongly associ-
ated with symptomatic hypotension than was enalapril in 
the PARADIGM-HF trial,1 but not in the PIONEER-HF 
trial.23 It should be noted, however, that those trials only 
included patients with SBP ≥100 mmHg and there are no 
data for ARNI usage for hypotensive patients, so current 
evidence does not support the initiation of ARNI for 
patients with SBP <100 mmHg. A previous study of ours 
showed ARNI improve left ventricular reverse remodeling 
in patients with SBP <100 mmHg, suggesting it may be 
beneficial even for hypotensive patients.24 Data are limited 
on managing hypotension in patients treated concomitantly 
with SGLT2 inhibitors and other GDMT drugs. The 
DAPA-HF trial showed only a slight drop in SBP resulting 
from the use of dapagliflozin, indicating its potential safety 
for hypotensive populations,3 while the SHIFT study 
reported no hypotensive effect of ivabradine.25 Finally, 
vericiguat proved to be safe and tolerable for hypotensive 
patients in a post hoc analysis of the VICTORIA 
(Vericiguat Global Study in Subjects with Heart Failure 
with Reduced Ejection Fraction) trial.26

The key RCTs excluded patients with eGFR <20–
30 mL/min/1.73 m2. Worsening renal function indicated by 
biomarkers often precludes GDMT initiation in clinical 
practice, so evidence of the need for GDMT for patients 
with Stage 4 and 5 CKD (eGFR <30 mL/min/1.73 m2) is 
required. Evidence of the efficacy of β-blockers and ACE-I/
ARB has been modest for these patients.27 Several cohort 
studies have shown β-blockers’ efficacy for Stage 4 and 5 
CKD patients, while that of ACE-I/ARBs is varied,27 and 
data for MRAs do not show that they are safe or efficacious 
for eGFR <30 mL/min/1.73 m2. However, MRAs have been 
found to reduce HF hospitalization for Stage 4 CKD patients, 
although hyperkalemia should be a matter of concern in 
clinical practice.28 The DAPA-CKD trial and the EMPA-
KIDNEY (Study of Heart and Kidney Protection with 
Empagliflozin) trial report a reduction in kidney disease 
progression or death for patients with eGFR ≥25 and 
≥20 mL/min/1.73 m2, respectively.29 Thus, SGLT2 inhibi-
tors, if administered with appropriate monitoring, can be 
safe for Class 4 CKD patients.27 Although current guide-
lines do not recommend ARNI for HF patients with eGFR 
<30 mL/min/1.73 m2, more recent evidence suggests ARNI 
are beneficial and safe for these patients. The latest post 
hoc analysis of PARADIGM-HF and PARAGON-HF 
found that continuation of ARNI was associated with last-
ing clinical benefits and no additional safety risks for 
patients with kidney function deterioration to eGFR 
<30 mL/min/1.73 m2.30 Vericiguat has also been shown to 
be efficacious for Stage 4 CKD patients.26

There is no strong consensus regarding HF management 
of patients with severe hypotension and renal impair-
ment,27 although guidelines emphasize the need for evi-
dence of the efficacy of therapies targeting HF patients 
with profiles excluded from clinical trials, such as those 
with advanced kidney failure or hypotension.8 Part of our 
results suggested that adherence to GDMT may provide 
benefits even in ineligible populations. However, efficacy 
likely varies depending on the severity and type of comor-
bidities and underlying clinical conditions. Hypotension 
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