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A B S T R A C T   

Introduction: Heart failure (HF) is a heterogeneous syndrome, and the specific sub-category HF with mildly 
reduced ejection fraction (EF) range (HFmrEF; 41–49% EF) is only recently recognised as a distinct entity. 
Cluster analysis can characterise heterogeneous patient populations and could serve as a stratification tool in 
clinical trials and for prognostication. The aim of this study was to identify clusters in HFmrEF and compare 
cluster prognosis. 
Methods and results: Latent class analysis to cluster HFmrEF patients based on their characteristics was performed 
in the Swedish HF registry (n = 7316). Identified clusters were validated in a Dutch cross-sectional HF registry- 
based dataset CHECK-HF (n = 1536). In Sweden, mortality and hospitalisation across the clusters were compared 
using a Cox proportional hazard model, with a Fine-Gray sub-distribution for competing risks and adjustment for 
age and sex. Six clusters were discovered with the following prevalence and hazard ratio with 95% confidence 
intervals (HR [95%CI]) vs. cluster 1: 1) low-comorbidity (17%, reference), 2) ischaemic-male (13%, HR 0.9 [95% 
CI 0.7–1.1]), 3) atrial fibrillation (20%, HR 1.5 [95% CI 1.2–1.9]), 4) device/wide QRS (9%, HR 2.7 [95% CI 
2.2–3.4]), 5) metabolic (19%, HR 3.1 [95% CI 2.5–3.7]) and 6) cardio-renal phenotype (22%, HR 2.8 [95% CI 
2.2–3.6]). The cluster model was robust between both datasets. 
Conclusion: We found robust clusters with potential clinical meaning and differences in mortality and hospital-
isation. Our clustering model could be valuable as a clinical differentiation support and prognostic tool in clinical 
trial design.   

1. Introduction 

Left ventricular ejection fraction (LVEF) plays a pivotal role in 

diagnostics, prognostics and treatment in heart failure (HF). [1–3] In-
ternational guidelines classify HF in three LVEF groups: HF with reduced 
ejection fraction (HFrEF; LVEF ≤40%), HF with mildly reduced ejection 
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fraction (HFmrEF; LVEF 41–49%), and HF with preserved ejection 
fraction (HFpEF; LVEF ≥50%). [1,4] 

Since the introduction of a separate category to define HFmrEF in the 
European Society of Cardiology (ESC) guidelines in 2016, HFmrEF has 
been better characterised. Studies have shown that patients with 
HFmrEF are overall more similar to those with HFrEF. [5,6] Thus, data 
suggests that patients with HFmrEF may benefit from the same therapies 
that are guideline-recommended for patients with HFrEF. This led to the 
renaming of HFmrEF in the new ESC guidelines in 2021 from mid-range 
to mildly reduced LVEF. [1,5] 

It is believed but not clearly established that underlying heteroge-
neity increases with higher LVEF. Further differentiation of patients 
with HFpEF and HFmrEF into clusters is a potential emerging solution to 
study this heterogeneity. Treatment benefits within one cluster could be 
different as compared to within another cluster, although in the same 
LVEF range, leading to important consequences in terms of therapy. 
However, due to important differences between HFmrEF and HFpEF it 
may not be advisable to cluster these categories together. Several clus-
tering studies in HFpEF have shown overlapping clusters in theory-based 
frameworks and data-driven approaches. [7–10] Yet, a clustering study 
exclusively in patients with HFmrEF is missing. 

The aim of this study is to 1) identify and characterise distinct clin-
ical clusters within the HFmrEF population enrolled in the Swedish HF 
registry (SwedeHF) and compare prognosis; 2) validate this clustering 
model in the Dutch Chronic Heart failure ESC guideline-based Cardiol-
ogy practice Quality project (CHECK-HF) registry. [11,12] 

2. Methods 

2.1. Derivation cohort 

The SwedeHF registry was introduced in 2000 and implemented 
nationwide by 2003.[11]A diagnosis of HF is the only inclusion crite-
rion, which before 2017 was a clinical diagnosis and since 2017 updated 
by a diagnosis defined according to one of the following ICD-10 codes: 
I50.0, I50.1, I50.9, I42.0, I42.6, I42.7, I25.5, I11.0, I13.0 and I13.2. In 
the SwedeHF registry, patient information is recorded after discharge 
from hospital or after outpatient clinic visit using a web-based case 
report. Linkage of the SwedeHF registry to the National Patient Registry 
and Cause of Death Registry is performed using patients’ unique per-
sonal identification numbers for information on baseline comorbidities, 
cause-specific outcomes, and all-cause mortality. [11] SwedeHF 
coverage of prevalent HF cases in all of Sweden is approximately 32%. 
[13] SwedeHF enrols HF patients regardless of LVEF. For this study, we 
included patients with an ejection fraction between 40 and 49% and 
excluded patients with a registration outside period 2013–2016 to 
match the coverage of the validation cohort, missing LVEF measure-
ments or missing information on medication use. We only used the most 
recent registration within the inclusion period in case of multiple en-
tries, see Fig. S1. 

2.2. Validation cohort 

The CHECK-HF registry is a cross-sectional registration from the 
period 2013–2016 at 34 different HF outpatient clinics in the 
Netherlands. [12] It contains information on diagnostics, treatment, and 
comorbidities from 10,910 unselected chronic HF patients with HFrEF 
(62%), HFmrEF (14%) or HFpEF (21%); LVEF was unknown in 3% of 
patients. [12] The only inclusion criteria were a HF diagnosis according 
to ESC guidelines of 2012, since this was the most recent guideline 
available at time of data collection, and age ≥ 18 years. Classification of 
HF in the three LVEF groups was according to the ESC guidelines of 
2016. For this study, we included patients with an ejection fraction 
between 40 and 49% and excluded patients with missing ejection frac-
tion and medication registration, see Fig. S1. 

2.3. Clustering variables 

Variables for the clustering were selected based on 1) availability in 
derivation and validation cohort, 2) usefulness in terms of percentage 
missing and correlation between variables, where variables with a high 
fraction of missing data or high correlation were deemed less useful, 3) 
clinical relevance, and 4) previous studies. [14,15] The following clin-
ical characteristics were selected: age (<65 years, 65–75 years, 75–85 
years, and > 85 years), sex (male/female), Body Mass Index (BMI; <25 
kg/m2,25–30 kg/m2, >30 kg/m2), estimated glomerular filtration rate 
(eGFR; <30, 30–60, 60–90, and > 90 mL/min/1.73 m2), QRS (below or 
above 130 ms), heart rate (below or above 70 bpm), New York Heart 
Association (NYHA) class (I/II or III/IV) at registry enrolment, devices 
(no device, device [Implantable Cardioverter-Defibrillator (ICD) /Car-
diac Resynchronisation Therapy-Pacemaker or –Defibrillator (CRT-P or 
CRT–D)], or pacemaker), ischaemia (yes/no), and comorbidities: hy-
pertension, atrial fibrillation (AF), COPD, diabetes, and valvular disease 
(yes/no). Definitions of variables can be found in Table S1. 

2.4. Outcomes 

The primary outcome was a composite of cardiovascular (CV) mor-
tality and HF hospitalisation. HF hospitalisation is defined as first HF 
hospitalisation after enrolment in the registry. Secondary outcomes 
included the separate outcomes of CV mortality and HF hospitalisation, 
all-cause mortality and non-CV mortality. Outcome definitions can be 
found in Table S1. 

2.5. Statistical analyses 

R (v4.2.1) software was used to perform all statistical analyses. 
Baseline continuous variables were presented as mean with standard 
deviation or median with interquartile range (IQR), and categorical 
variables as counts and percentages. Table S2 shows the number of 
missing records per baseline variable. 

Characterisation of distinct clinical phenotypes within patients with 
HFmrEF was performed with latent class analysis (LCA) using the poLCA 
package (v1.6.0.1). Clusters were derived using maximum-likelihood 
estimation over 10 iterations to identify the most common patterns of 
the predefined variables for a range of 1–10 clusters with a minimum of 
5% of patients assigned to each cluster. The optimum number of clusters 
(n = 6) was determined with the sample size adjusted BIC (aBIC) 
(Fig. S2) together with evaluation of meaningfulness of clusters. 

The model was validated by both applying the model to the valida-
tion cohort as well as creating a new model based on the same variables 
in the validation cohort to quantify cluster robustness. Applying the 
model to the validation cohort involves applying the cluster probabili-
ties from the SwedeHF clustering model (Table S3) to the validation 
cohort CHECK-HF, classifying patients according to the highest proba-
bility of cluster membership. 

Outcomes were compared across the different clusters using a Cox 
proportional hazard model, adjusting for age and sex, and competing 
events in CV mortality and HF hospitalisation with a Fine-Gray sub 
distribution hazard model. Results are presented as hazard ratios (HR) 
with 95% confidence intervals (95% CI) and visualised with cumulative 
incidence curves to take into account competing events. 

In a sensitivity analysis we compared cluster membership and 
robustness of cluster assignment between patients with an index 
HFmrEF diagnosis (n = 5048) and those with a follow-up HFmrEF 
diagnosis (n = 2268) in the SwedeHF registry. 

3. Results 

3.1. Baseline characteristics 

In total, n = 7316 patients with HFmrEF from the SwedeHF registry 
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were included in the study (Fig. S1). Table 1 shows the baseline char-
acteristics. The median age was 76 years (IQR 68–83) and 63% were 
males. Most frequent comorbidities were hypertension (72%), AF (60%) 
and ischaemic heart disease (56%). Most frequently prescribed medi-
cations were beta-blockers (88%), renin-angiotensin-system (RAS)-in-
hibitor (84%), diuretics (70%), and MRA (29%). 

In the CHECK-HF registry a total of n = 1536 patients were included 
(Table 1). The median age was 76 years (IQR 67–83), 60% were males, 
and most frequent comorbidities were hypertension (61%), ischaemic 
heart disease (46%) and AF (35%). Most frequently prescribed medi-
cations were beta-blockers (82%), diuretics (80%), RAS-inhibitors 
(77%), and MRA (45%). 

3.2. Cluster analysis 

Based on the LCA model in SwedeHF, we recognised six distinct 
phenotypes: 1) young-low comorbidity burden; 2) male-ischaemic; 3) 
AF; 4) device/wide-QRS; 5) metabolic; and 6) cardio-renal (Fig. 1, 
Table 2 for extended baseline table per cluster). 

Patients in the young-low comorbidity cluster (n = 1269, 17%) were 
the youngest (median age 58 years [IQR 51–63]) and 31% were females. 
They had the highest median eGFR (92 mL/min/1.73 m2 [IQR 78–99] 
and lowest median NT-pro-BNP (521 pg/mL [IQR 154–1314]). They had 
a low prevalence for most comorbidities except for dilated cardiomy-
opathy (23%). This cluster had the highest prescription of RAS- 
inhibitors (93%) and the lowest for diuretics (40%) and MRA (26%). 

In the ischaemic-male phenotype (n = 948, 13%) 75% of patients 
were males with a median age of 74 years (IQR 70–80). They had the 
highest prevalence of ischaemia (83%) and less often NYHA class III/IV 
(8%). Most used medications were RAS-inhibitors (93%), beta-blockers 
(81%), and statins (72%), with lower use of diuretics (53%) and MRA 
(26%). 

The AF phenotype (n = 1439, 20%) was characterised by a higher 
percentage of females (39%) and AF (87%). Patients had a median age 
76 years [IQR 70–81]), the highest resting heart rate (80% above 70 
bpm) and the least ischaemic patients (22%). 

The device/wide QRS phenotype (n = 686, 9%) was the smallest 
cluster with the most males (84%) and a median age of 81 years (IQR 
76–85). Most patients had a pacemaker (70%) and ICD/CRT (17%) and 
all patients had a QRS above 130 ms. These patients often had CV 
comorbidities (AF, valvular disease and ischaemic heart disease). More 
patients were using MRAs (33%) compared to other clusters. 

The metabolic phenotype (n = 1381, 19%) had the most obese pa-
tients (66% BMI >30 kg/m2) and highest prevalence of diabetes (84%) 
and hypertension (98%), and second highest prevalence of ischaemia 
(75%). In this cluster 31% of the patients were female with a median age 
of 74 years (IQR 69–79). Patients more often used statins (72%) and 
MRAs (34%) compared to the other clusters. 

The cardio-renal phenotype (n = 1593, 22%) was the largest cluster 
with most females (64%) and a median age 86 years (IQR 82–89). They 
had the lowest median eGFR (44 mL/min/1.73 m2 [IQR 33–54]), 
highest median NT-pro-BNP (3548 pg/mL [IQR 1804–7964]) and most 
often NYHA class III/IV (46%). These patients often had CV comorbid-
ities (ischaemia, AF, valvular disease) and 92% of patients had hyper-
tension. This cluster had the highest use in diuretics (87%) and lowest in 
RAS-inhibitors (70%) compared to the other clusters. 

3.3. Validation and robustness clusters 

In Fig. S3, the probability distribution for each cluster is shown. In all 
clusters >50% of patients had a probability >80% to be assigned to that 
cluster. 

The first validation was to test the robustness of the cluster model 
applied to a new setting. Results are shown in Table S4. Cluster pro-
portions were comparable in CHECK-HF, the AF cluster had more fe-
males (48% versus 39%), devices were more common in the young-low 

Table 1 
Baseline characteristics of patients with HFmrEF from the CHECK-HF and 
SwedeHF cohort.   

CHECK-HF SwedeHF 

n 1536 7316 
Age (years, median [IQR]) 76 [67, 83] 76 [68, 83] 
<65 19.0 18.4 
65–75 26.1 26.9 
75–85 37.3 38.2 
≥ 85 17.7 16.4 

Sex (% Male) 58.4 62.5 
Location (% outpatient) 100 64.7 
Duration HF (% >6mo) – 57.9 
NYHA class (% III/IV) 27.3 28.0 
NT-proBNP (pg/mL) 1066 [328, 2838] 1814 [743, 4050] 
Oedema (%) 18.2 – 
Device (%) 
No 79.6 84.2 
Pacemaker 8.7 11.2 
ICD/CRT 11.8 4.6 

LVEF (%) 
Index HFmrEF – 72.2 
Prior HFrEF – 14.4 
Prior HFmrEF – 7.7 
Prior HFpEF – 5.7 

Clinical measurements 
Systolic BP (mmHg, mean (SD)) 129.3 (21.4) 129.6 (20.3) 
Diastolic BP (mmHg, mean (SD)) 71.6 (12.0) 73.8 (11.9) 
Heart rate (bpm, mean (SD)) 72.3 (14.2) 73.6 (15.8) 
≥ 70 (%) 54.2 57.2 

QRS (ms, median [IQR]) 108 [94, 140] 102 [90, 129] 
≥ 130 (%) 31.8 25.0 

BMI (kg/m2, mean (SD)) 27.5 (5.4) 27.7 (5.7) 
<25 (%) 30.5 33.2 
25–29.9 (%) 39.2 37.6 
≥30 (%) 30.2 29.2 

Creatinine (μmol/L, median [IQR]) 99 [74, 133] 94 [77, 119] 
eGFR (mL/min/1.73m2, median [IQR]) 51 [36.7, 65.9] 62 [45, 80] 
≥90 (%) 5.3 11.8 
60–89.9 (%) 31.3 41.5 
30–59.9 (%) 48.9 38.6 
<30 (%) 14.4 8.0 

Comorbidities (%) 
Ischaemic heart disease 46.0 56.4 
Dilated cardiomyopathy – 8.7 
Myocardial infarction – 39.1 
Atrial fibrillation 34.8 59.6 
Hypertension 60.5 72.2 
Diabetes Mellitus 28.4 27.8 
COPD 21.0 14.0 
Valvular disease 18.4 28.6 
Anemia 6.0 35.3 
Peripheral artery disease 5.6 9.9 
Sleep apnoea 8.2 5.0 
Cancer 13.5 15.6 
Medication use (%) 
Diuretics 79.5 69.9 
ACE-inhibitors 50.1 53.4 
ARB 27.8 30.9 
RAS-inhibitors 76.8 83.8 
Beta-blockers 82.2 87.9 
MRA 45.1 29.1 
Digoxin 16.7 11.3 
Statins 76.7 51.4 

Legend. HFmrEF: heart failure with mildly reduced ejection fraction; LVEF: left 
ventricular ejection fraction; HFrEF: heart failure with reduced ejection fraction; 
HFpEF: heart failure with preserved ejection fraction; NYHA class: New York 
Heart Association class; NT-proBNP: N-terminal B-type natriuretic peptide; ICD: 
Implantable Cardioverter-Defibrillator; CRT: Cardiac Resynchronisation Ther-
apy; BP: blood pressure; BMI: Body Mass Index; eGFR: estimated Glomerular 
Filtration Rate; COPD: Chronic Obstructive Pulmonary Disease; ACE-inhibitor: 
Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; 
RAS-inhibitor: Renin Angiotensin System Inhibitors; MRA: Mineralocorticoid 
Receptor Antagonists; median [IQR]: median [Interquartile range]; mean (SD): 
mean (Standard Deviation). 
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comorbidity cluster (14% versus 7%) and ischaemic-male cluster (17% 
versus 5%), and there were less ischaemic (45% versus 70%) and AF 
(28% versus 86%) patients in the device/wide QRS cluster. Secondly, a 
new cluster model was built in the CHECK-HF registry to validate cluster 
assignment (Fig. S4 and extended baseline table in Table S5). Differ-
ences between the cluster models were mainly seen in the AF cluster. 
The AF cluster in the CHECK-HF model had more females (52% versus 
39% respectively) and the percentage of patients with NYHA class III/IV 
was lower (5% versus 25% respectively). 

Both validation approaches were compared by evaluating the change 
in cluster assignment. Compared to the SwedeHF model, with the 
CHECK-HF model 34% of patients in CHECK-HF changed clusters, with 
most changes occurring between the ischaemic-male cluster in the 
CHECK-HF model and the cardio-renal cluster in the SwedeHF model 
(Fig. S5). 

3.4. Prognosis 

The association between clusters with outcomes are shown in Fig. 2. 
The young-low comorbidity cluster was the reference category in all 
survival analyses. The young-low comorbidity and ischaemic-male 
phenotypes had the lowest HRs for all outcomes and the HRs did not 
differ statistically from each other. 

3.4.1. Composite outcome 
For the composite outcome of CV mortality and HF hospitalisation 

(Fig. 2a) the AF phenotype had an intermediate HR and the highest HRs 
for the device/wide QRS, metabolic and cardio-renal phenotypes. 

3.4.2. All-cause mortality 
All-cause mortality (Fig. 2b) showed a similar pattern to the com-

posite outcome; the AF phenotype had an intermediate HR, the device/ 
wide QRS a higher HR, and the metabolic and cardio-renal phenotypes 
had high and comparable HRs. 

3.4.3. CV and non-CV mortality 
The AF phenotype also had an intermediate HR for CV mortality 

(Fig. 2c). The device/wide QRS, metabolic and cardio-renal phenotypes 
had the highest HRs. For non-CV mortality differences between clusters 
were less pronounced (Fig. 2d). Similar event rates and adjusted HRs 
were seen for all phenotypes. 

3.4.4. HF hospitalisation 
For HF hospitalisation (Fig. 2e) the AF phenotype had an interme-

diate HR. Differences were slightly more pronounced between the other 
phenotypes for HF hospitalisation, with the highest HR for the metabolic 
phenotype followed by the device/wide QRS phenotype. 

3.5. Sensitivity analysis 

Cluster membership was comparable between the patients with an 
HFmrEF diagnosis at index and follow-up registration between 2013 and 
2016. Patients were similarly assigned in most clusters. Largest differ-
ence was in the AF phenotype: more patient in the index cohort were 
assigned to the AF phenotype (21% versus 17%). Overall, similar dis-
tributions of patient characteristics were observed (Fig. S6). Patients in 
the metabolic phenotype had more comorbidities in the follow-up 
cohort, notably worse kidney function and more often COPD. Worse 
kidney function was a common factor also in other phenotypes 
(ischaemic-male, AF, and device/wide QRS). 

4. Discussion 

In our analysis six different HFmrEF clusters could be identified: 1) a 
young-low comorbidity burden phenotype; 2) a male-ischaemic 
phenotype; 3) a AF phenotype, 4) a wide-QRS phenotype; 5) a meta-
bolic phenotype and 6) a cardio-renal phenotype. The clusters we found 
showed high validity and robustness in the external validation. The 
young-low comorbidity and ischaemic-male phenotypes had the lowest 
mortality/morbidity; the AF phenotype had intermediate mortality/ 
morbidity, and the other phenotypes significantly showed worse mor-
tality/morbidity. 

4.1. HFmrEF as heterogeneous phenotype 

Previous studies have shown that HFmrEF is more similar to HFrEF 
in terms of prevalence of IHD and CKD, and sex distribution. [6] How-
ever, large discrepancies regarding HFmrEF characteristics exist, sug-
gesting it may nevertheless be quite heterogeneous. [14,16] 
Phenotyping using a clustering approach showed to be an effective tool 
for identification of clusters in HFpEF. [7,8] Due to the high heteroge-
neity observed in HFmrEF, this could potentially benefit patients with 
HFmrEF as well. To our knowledge, this is the first study characterising 

Fig. 1. Heat map of phenotypical clusters in SwedeHF. 
AF: atrial fibrillation; NYHA class: New York Heart Association class; ICD: Implantable Cardioverter-Defibrillator; CRT: Cardiac Resynchronisation Therapy; BMI: 
Body Mass Index; eGFR: estimated Glomerular Filtration Rate; HR: heart rate; IHD: ischaemic heart disease; COPD: Chronic Obstructive Pulmonary Disease. 
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clusters solely in patients with HFmrEF. 

4.1.1. Young-low comorbidity burden phenotype 
Literature confirms that younger HF patients are more likely male, 

and report better NYHA functional class despite lower LVEF. [17] 

Previous lower LVEF in these patients could be partially due to IHD or 
AF, which is moderately present in this phenotype. A positive response 
to treatment could be another cause of reduced LVEF improving over 
time. Therefore, it could be hypothesised that some of the patients in this 
phenotype might have HF with improved LVEF. Moreover, patients in 

Table 2 
Baseline characteristics per cluster in SwedeHF.   

Young - Low 
comorbidity 

Ischaemic AF Device - 
Wide QRS 

Metabolic Cardio-Renal p-value 

N (%) 1269 (17) 948 (13) 1439 (20) 686 (9) 1381 (19) 1593 (22)  
Age (years, median [IQR]) 58 [51, 63] 74 [70, 80] 76 [70, 81] 81 [76, 85] 74 [69, 79] 86 [82, 89] <0.001 

<65 84.9 2.5 4.7 2.0 11.9 0.0  
65–75 15.1 48.2 39.5 20.0 44.7 0.0  
75–85 0.0 44.5 49.3 53.9 43.3 43.8  
≥ 85 0.0 4.7 6.5 24.1 0.1 56.2  

Sex (% Female) 30.5 24.7 38.8 16.5 31.1 64.2 <0.001 
Location (% outpatient) 81.2 80.7 66.5 61.5 59.4 46.3 <0.001 
Duration HF (% > 6mo) 45.5 50.2 48.4 72.8 66.2 67.5 <0.001 
NYHA class (% III/IV) 9.3 7.8 24.7 41.6 43.1 46.6 <0.001 

NTproBNP (pg/mL, median [IQR]) 521 [154, 1314] 
1036 [444, 

2510] 
2000 [1084, 

3880] 
2443 [1212, 

4688] 
1713 [841, 

4086] 
3548 [1804, 

7964] <0.001 

Device (%)       <0.001 
No 90.8 93.3 94.4 14.3 88.9 90.7  

Pacemaker 2.2 1.3 4.2 69.1 7.0 9.3  
ICD/CRT 7.0 5.4 1.4 16.6 4.1 0.0  
LVEF (%)       <0.001 

index HFmrEF 70.5 74.4 76.7 64.4 68.9 74.3  
Prior HFrEF 22.2 16.9 11.6 16.7 14.2 8.2  

Prior HFmrEF 5.4 6.2 6.6 10.8 8.7 9.2  
Prior HFpEF 1.9 2.5 5.1 8.0 8.2 8.3  

Clinical measurements 
Systolic BP (mmHg, mean (SD)) 126.2 (19.4) 131.7 (20.1) 128.1 (20.1) 127.1 (20.3) 132.2 (20.1) 131.3 (20.8) <0.001 
Diastolic BP (mmHg, mean (SD)) 76.5 (11.9) 72.6 (11.3) 75.3 (12.2) 71.3 (11.0) 73.6 (11.5) 72.4 (11.9) <0.001 

Heart rate (bpm, mean (SD)) 70.4 (14.6) 62.3 (8.6) 80.3 (16.7) 70.8 (12.3) 75.1 (15.1) 77.0 (16.7) <0.001 
≥ 70 (%) 46.5 12.0 79.9 53.5 64.9 67.0  

QRS (ms, median [IQR]) 100 [90, 114] 104 [92, 130] 96 [86, 108] 162 [146, 178] 102 [90, 126] 100 [88, 123] <0.001 
≥ 130 (%) 16.4 25.3 8.1 99.8 23.3 21.7  

BMI (kg/m2, mean (SD)) 28.8 (6.1) 26.1 (3.6) 26.0 (5.0) 26.5 (4.3) 32.2 (5.9) 25.9 (4.8) <0.001 
<25 (%) 25.5 36.9 46.1 35.7 7.8 47.3  

25–29.9 (%) 38.7 52.8 35.2 45.9 26.7 36.3  
≥30 (%) 35.8 10.2 18.7 18.4 65.6 16.4  

Creatinine (μmol/L, median [IQR]) 77 [66, 90] 90 [77, 106] 86 [73, 103] 109 [88, 135] 104 [84, 138] 111 [92, 137] <0.001 
eGFR (mL/min/1.73m2, median 

[IQR]) 92 [78, 99] 68 [56, 80] 68 [57, 80] 53 [40, 69] 57 [39, 74] 44 [33, 54] <0.001 

≥90 (%) 57.6 1.6 3.7 1.3 4.3 0.0  
60–89.9 (%) 36.6 67.2 66.2 37.4 40.3 10.9  
30–59.9 (%) 4.4 30.0 28.8 52.5 42.3 70.4  
<30 (%) 1.4 1.2 1.3 8.8 13.2 18.7  

Comorbidities (%) 
Ischaemic heart disease 37.7 82.9 21.7 70.1 75.2 64.7 <0.001 
Dilated cardiomyopathy 23.2 7.8 6.5 8.7 5.4 2.4 <0.001 
Myocardial infarction 27.2 61.6 13.8 44.9 52.6 43.9 <0.001 

Atrial fibrillation 26.5 15.3 87.4 85.7 61.3 74.7 <0.001 
Hypertension 43.1 68.7 54.3 71.3 97.7 91.8 <0.001 

Diabetes Mellitus 14.0 10.0 3.8 26.8 84.1 22.7 <0.001 
COPD 5.8 9.4 15.3 12.0 23.5 14.9 <0.001 

Valvular disease 12.5 17.1 33.5 46.2 23.5 40.6 <0.001 
Anemia 16.3 27.7 30.8 46.5 46.0 44.4 <0.001 

Peripheral artery disease 4.2 9.4 8.5 9.5 15.3 11.7 <0.001 
Sleep apnea 4.7 3.6 3.5 5.2 11.8 1.2 <0.001 

Cancer 7.9 15.9 17.2 21.6 15.1 18.0 <0.001 
Medication use (%) 

Diuretics 40.3 53.0 69.4 82.7 83.1 87.1 <0.001 
ACE-inhibitors 67.5 60.9 58.2 49.3 49.4 38.6 <0.001 

ARB 25.9 32.2 26.5 34.0 36.4 31.9 <0.001 
RAS-inhibitors 93.1 92.6 84.6 83.1 84.7 69.8 <0.001 
Beta-blockers 87.7 88.6 88.2 85.0 90.9 85.9 <0.001 

MRA 25.5 25.9 29.0 32.7 33.9 28.1 <0.001 
Digoxin 6.1 1.9 20.9 9.8 10.9 13.4 <0.001 
Statins 44.5 72.1 33.7 52.3 71.9 42.4 <0.001 

HFmrEF: heart failure with mildly reduced ejection fraction; LVEF: left ventricular ejection fraction; HFrEF: heart failure with reduced ejection fraction; HFpEF: heart 
failure with preserved ejection fraction; NYHA class: New York Heart Association class; NT-proBNP: N-terminal B-type natriuretic peptide; ICD: Implantable 
Cardioverter-Defibrillator; CRT: Cardiac Resynchronisation Therapy; BP: blood pressure; BMI: Body Mass Index; eGFR: estimated Glomerular Filtration Rate; COPD: 
Chronic Obstructive Pulmonary Disease; ACE-inhibitor: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; RAS-inhibitor: Renin Angio-
tensin System Inhibitors; MRA: Mineralocorticoid Receptor Antagonists; median [IQR]: median [Interquartile range]; mean (SD): mean (Standard Deviation). 
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this cluster had the lowest mortality/morbidity and less use of diuretics, 
indicating less severe HF or lower levels of congestion. 

4.1.2. Male-ischaemic phenotype 
Ischaemia is often seen as a frequent underlying cause of HF, 

particularly in men, where it is the main cause of HF. [18,19] However, 
the extent of coronary heart disease is not known and may impact this 
cluster. Of note, 72% of patients are prescribed statins which could 
attribute to secondary prevention of coronary heart disease. This 
phenotype generally had the best survival together with the young-low 
comorbidity phenotype, which is an interesting finding as HF patients 
with IHD have a significantly higher mortality than those without IHD. 
[20] These patients did consistently have the lowest NYHA class out of 
all phenotypes, which is a powerful predictor of lower mortality and 
morbidity. 

4.1.3. AF phenotype 
AF and HF often co-exist, and consistently we also observed an AF 

phenotype in HFmrEF. [21] The combination of AF and HF often indi-
cate worse survival, however this cluster appeared to have an interme-
diate mortality/morbidity compared to the other clusters. It is proposed 
that in HFrEF, AF may be a consequence of the HF, whereas in HFpEF, 
both ventricular and atrial myopathy may develop in parallel. [21,22] In 
HFmrEF, less is understood about the role of AF. Potentially, those pa-
tients with AF and high mortality could have been assigned to the 
cardio-renal phenotype, which consists of similar patients but with older 
age and more comorbidities. When we compared the AF phenotype 
assignment between derivation and validation model, indeed several 
patients have been classified to the cardio-renal cluster. 

4.1.4. Device/wide QRS phenotype 
A widened QRS interval is an indication for treatment with CRT and 

could also be a consequence of ventricular pacing. [1,23] It could be 
hypothesised that these patients have high-burden right ventricle pacing 
that could lead to pacing induced cardiomyopathy (PICM), which entails 
HF symptoms and a decrease in LVEF, and could be reversed by 
switching from pacemakers to CRT. [23] However, the data are not 
sufficiently detailed to investigate this hypothesis. 

4.1.5. Metabolic phenotype 
The metabolic syndrome is a major risk factor for CV disease, 

including HF. [24] Obesity is associated with adverse hemodynamic 
changes that predispose to cardiac remodelling and ventricular 
dysfunction, and can be a predisposition for HF in the absence of other 
comorbidities. [25] In addition, diabetes is independently associated 
with an increased risk of HF, CV mortality, and HF hospitalisation. [26] 
The use of statins was high, indicating potential hypercholesterolemia or 
overall high cardiovascular risk. This cluster had high mortality/ 
morbidity, despite being the second youngest cluster. 

4.1.6. Cardio-renal phenotype 
In the cardio-renal phenotype, we observe the close intertwining of 

kidney function and HF. These factors often interact bidirectional as well 
as interdependent in both chronic and acute settings. [27] Impaired 
renal function is a strong risk factor for mortality in HF patients, espe-
cially in HFrEF and HFmrEF, which is also observed in this cluster as 
they had increased mortality compared to other clusters. Kidney func-
tion may be more prognostic in HFrEF and HFmrEF than in HFpEF. 
[28,29] Patients in this cluster also were prescribed less RAS-inhibitors, 
which could indicate hesitancy of clinicians to treat HF patients with 

Fig. 2. Survival outcomes in HFmrEF clusters. 
A. Composite outcome, B. All-cause mortality, C. CV mortality with non-CV mortality as competing event, D. non-CV mortality with CV mortality as competing event, 
E. HF hospitalisation with all-cause mortality as competing event. All analyses are adjusted for age and sex. 
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chronic kidney disease, as RAS-inhibitors could negatively influence 
renal function. [30,31] 

4.2. Clustering in HF 

All clusters identified in this study are comparable to those found in 
other clustering studies. Some HF wide studies showed that certain 
clusters are more prevalent in HFrEF or HFpEF but could still be detected 
within the other LVEF categories, albeit to a lesser extent. [32,33] The 
metabolic and older cluster appear to be more common in patients with 
HFpEF, while patients with HFrEF appear to be more often classified to 
the ischaemic cluster. 

The similarities between clustering studies hypothesises the idea that 
clusters are not limited to their LVEF category but could transcend this 
classification. [7,8,32,33] This raises the question whether these clus-
tering phenotypes could be a valuable categorisation of HF patients, 
beyond the conventional classification based on LVEF. 

To explore the potential of the clustering phenotypes identified in 
this study, the current model can be used for subgroup stratification in 
experimental data to assess whether treatment response varies across 
the phenotypes. A previous clustering study conducted in patients with 
HFrEF demonstrated the utility of this approach for evaluating beta- 
blocker treatment response and reported differences in response across 
clustering phenotypes. [34] Similarly, treatment responses across 
HFmrEF phenotypes could also be evaluated in a clinical trial setting. To 
test the impact of patient characteristics across the LVEF spectrum on 
treatment benefits, a prospective clinical trial with phenotype subgroup 
stratification is needed. 

In addition to its potential application in clinical trials, this model 
can also facilitate a systematic exploration and documentation of co-
morbidity and clinical characteristics patterns in patients with HF, 
contributing to a deeper understanding of heterogeneity and multi-
morbidity in real-world patients. While the phenotypes observed in this 
study are frequently encountered in clinical practice, the model may 
serve as an objective classification tool to categorise patients and 
compare prognoses. Therefore, machine learning based tools for the 
classification of patients can be used to gain more insight in patient 
characteristics, prognosis and treatment benefits. 

4.3. Strength and limitations 

This study has several strengths. First, both the SwedeHF and 
CHECK-HF registry are some of the largest and contemporary European 
HF registries. Second, we created a pragmatic model, making it easily 
and widely applicable within many other data sources, and could be 
integrated into a tool for clinical use. Another strength of our study is the 
large overlap to other clusters from previous studies and the similarities 
of the development and validation model, indicating robustness of 
clusters. 

One of the limitations in this study is that our datasets mainly consist 
of patients with a European ancestry, which could limit the general-
isability to HFmrEF populations with other ethnic background. Still, one 
study in ASIAN-HF found similar clusters across the LVEF spectrum. 
[33] Second, there was missing information on important variables such 
as NT-proBNP, which led to exclusion of those variables in the model. 
Third, as the CHECK-HF registry is cross-sectional, it was not possible to 
validate the outcomes of the Cox proportional hazard model. Fourth, as 
there are no guidelines regarding the minimum average assignment 
probability or patient stability in validation, it remains to be seen what 
an acceptable or desirable level would be. Lower cluster assignment 
probabilities or patients switching from clusters could reflect variation 
between patient registries and the similarities of found clusters rather 
than invalid clusters. Lastly, since we only have the LVEF categories and 
not the exact LVEF percentages available in the SwedeHF registry, we 
cannot investigate average LVEF within phenotypes. 

5. Conclusion 

This study demonstrates that LCA can identify six distinct, robust, 
and legitimate clusters in patients with HFmrEF. Clusters showed dif-
ferences in clinical characteristics, all-cause/CV mortality and HF hos-
pitalisation and medication prescription. In the future, this model could 
guide clinical trial design to investigate treatment efficacy within clus-
ters of HFmrEF patients. 
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