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Abstract
Background Heart failure (HF) with reduced ejection fraction (HFrEF) has a worse prognosis than HF with preserved EF 
(HFpEF). The study aimed to evaluate whether different comorbidity profiles of HFrEF- and HFpEF-patients or HF-specific 
mechanisms contribute to a greater extent to this difference.
Methods We linked data from two health insurances to data from a cardiology clinic hospital information system. Patients 
with a hospitalization with HF in 2005–2011, categorized as HFrEF (EF < 45%) or HFpEF (EF ≥ 45%), were propensity score 
(PS) matched to controls without HF on comorbidites and medication to assure similar comorbidity profiles of patients and 
their respective controls. The balance of the covariates in patients and controls was compared via the standardized difference 
(SDiff). Age-standardized 1-year mortality rates (MR) with 95% confidence intervals (CI) were calculated.
Results 777 HFrEF-patients (1135 HFpEF-patients) were PS-matched to 3446 (4832) controls. Balance between patients and 
controls was largely achieved with a SDiff < 0.1 on most variables considered. The age-standardized 1-year MRs per 1000 
persons in HFrEF-patients and controls were 267.8 (95% CI 175.9–359.8) and 86.1 (95% CI 70.0–102.3). MRs in HFpEF-
patients and controls were 166.2 (95% CI 101.5–230.9) and 61.5 (95% CI 52.9–70.1). Thus, differences in MRs between 
patients and their controls were higher for HFrEF (181.7) than for HFpEF (104.7).
Conclusions Given the similar comorbidity profiles between HF-patients and controls, the higher difference in mortality 
rates between HFrEF-patients and controls points more to HF-specific mechanisms for these patients, whereas for HFpEF-
patients a higher contribution of comorbidity is suggested by our results.
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Introduction

Heart failure (HF) ranks among the most common and severe 
diseases in industrialized countries [1]. It affects 2–3% of 
the adult population in the Western world, with an increase 
expected during the next years due to aging [2]. A recently 
published epidemiological study which was based on Ger-
man healthcare claims data estimated an overall prevalence 
of 4% and an incidence of 655/100.000 (corresponding to 
524.000 cases each year in Germany) [3]. Results from the 
same study also indicated, that despite the potential fatality 
of HF, less than half of all patients are treated according to 
recommended guidelines [4].

Based on their ejection fraction (EF) and other echocar-
diographic findings, patients with HF are classified as having 
either preserved EF (HFpEF) or reduced EF (HFrEF). Since 
2016, the European guidelines introduced also a third group 
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with mid-range left-ventricular ejection fraction (LVEF 
40–49%). However, studies conducted in the last years used 
varying thresholds to define HFpEF, with cut-off values 
ranging from > 40 to > 55%.

The epidemiology of HFpEF and HFrEF is well 
described. Risk factors for HF in general include age, male 
sex, obesity, hypertension and ischemic heart disease [5–7]. 
Heart failure is associated with high rates of mortality, rang-
ing between 10% 1 month after incident diagnosis and up to 
60% 5 years later [1, 8]. The proportion of HFpEF among 
HF-patients is frequently estimated at around 50%, although 
it varies between 33% and up to 84% across community-
based studies [9]. There is evidence for significant higher 
all-cause mortality rates in HFrEF-patients with as com-
pared to HFpEF-patients [5, 10]. However, varying mortality 
rates have been reported for these subgroups, possibly also 
due to methodological differences between studies [11, 12]. 
Comorbidities are very common in HF [13, 14], including 
arterial hypertension, which is present in 42–64% of HF-
patients. Non-cardiovascular comorbidities such as chronic 
obstructive pulmonary disease [15, 16], anemia [17], and 
mental disorders are also common [18]. While recent stud-
ies have provided evidence of different underlying patho-
physiological processes in patients with HFrEF and HFpEF 
[19–21], it remains unclear, whether differences in mortality 
can be attributed to HF-specific mechanisms or to different 
comorbidity profiles in both subtypes of HF.

We aimed to compare mortality rates between patients 
with HFrEF or HFpEF and propensity score matched con-
trols without HF but with a similar comorbidity profile to 
each HF subgroup, as well as similar age, gender and over-
all health. In addition, we directly compared the mortality 
rate between propensity score matched HFrEF-patients and 
HFpEF-patients with similar comorbidities, age and gender.

Methods

Study design

We conducted a retrospective cohort study of HF-patients 
hospitalized during the period 2005–2011 in the Clinic of 
Cardiology of the Oldenburg Hospital and followed them 
up to death, loss-to-follow-up or end of the study period. 
For comparison purposes, we identified patients hospital-
ized without HF during the same period in the region of the 
hospital (Lower Saxony and Bremen).

We used a deterministically linked data set comprising 
claims data from two German statutory health insurances 
(SHIs: AOK Bremen/Bremerhaven, AOK Niedersachsen) 
and the hospital information system (HIS) from the Clinic 
of Cardiology of the Oldenburg Hospital, mentioned above.

All analyses were based on the years 2004–2010 (with 
data from the AOK Niedersachsen), and from 2004 to 2011 
(data from the AOK Bremen/Bremerhaven), respectively.

Study population

HF patients

All insurants with a hospitalization during 2005–2011 with 
a main or secondary HF discharge diagnosis as well as data 
available on EF as documented in the HIS were eligible 
for the study. HF was based on the following codes of the 
German Modification of the International Classification 
of Diseases 10th Revision (ICD-10-GM): (a) heart failure 
(I50.-), (b) hypertensive heart disease with (congestive) HF 
(I11.0-), (c) hypertensive heart and renal disease with (con-
gestive) HF (I13.0-), (d) hypertensive heart and renal disease 
with both (congestive) HF and renal disease (I13.2-), or (e) 
other congestive HF codes from the Elixhauser comorbidity 
measure (I09.9-, I25.5-, I42.0-, I42.5-, I42.6-, I42.7-, I42.8-, 
I42.9-, I43-, P29.0-). The first hospitalization with a diag-
nosis of HF had to be preceded by a continuous 365-day 
insurance period (baseline period) without any HF-related 
hospitalization as documented in the SHI data. Cohort entry 
was defined as the date of the first hospital admission dur-
ing which a HF diagnosis was documented. Cohort exit was 
defined either as the end of the insurance period, the date of 
death or the end of the follow up (31.12.2011). Depending 
on their EF rate, patients with HF were categorized as hav-
ing HFpEF (EF ≥ 45%) or HFrEF (EF < 45%). An EF of 45% 
was chosen as cut-off point, since this was the cut-off used 
in recent large international RCTs in HFpEF patients (e.g. 
TOPCAT, I-Preserve [22, 23]) and in lack of a commonly 
accepted standardized definition when our study protocol 
was developed. Overall, 2473 patients with HF diagnosis 
were identified in the HIS database, of whom 1986 had data 
on the EF available and were included in the final analyses.

Controls

Up to five controls were identified in the SHI data and PS-
matched to each HFrEF/HFpEF patient. Controls had to 
meet the same inclusion and exclusion criteria as HF cases 
yet without any HF diagnosis during the first hospitaliza-
tion, and during the 365-day baseline period preceding the 
hospitalization. Cohort entry for controls was defined as the 
date of the first hospital admission during the study period. 
Cohort exit for controls was defined either as the end of the 
insurance period, the date of death, an inpatient main or 
secondary discharge diagnosis of HF, a confirmed outpatient 
diagnosis of HF or the end of the follow up (31.12.2011).
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Patient characteristics

Patient characteristics at baseline period for HF-cases and 
potential controls were ascertained preceding cohort entry. 
Comorbidities were identified using confirmed outpatient 
diagnoses as well as hospital main and secondary discharge 
diagnoses. Coding of cardiovascular and non-cardiovascular 
comorbidities of HF, diagnostic and therapeutic procedures 
as well as of medications used in the therapy of HF, are 
shown in supplemental Table S1.

Propensity score matching

Two PS matched cohorts were built for the comparison 
between HF patients and matched controls. The PS was 
defined as the estimated probability of being HFpEF (or 
HFrEF) vs. not having HF, calculated for all HF patients and 
their potential controls by logistic regression analyses. The 
following independent variables were included in the model: 
sex, age at and year of cohort entry, all diseases of the Elix-
hauser comorbidity measure (excluding congestive heart 
failure), sleep apnea, stable angina pectoris, acute coronary 
syndrome, ischemic stroke, prior (12 months before cohort 
entry) percutaneous coronary intervention or coronary artery 
bypass graft, number of hospitalizations during the 365-
day period, number of office visits to specialists for internal 
medicine, and the current medication (see Suppl. Table 1 
for more details). A greedy matching strategy with 100,000 
strata at the initial step was used to match HF patients to 
their potential controls [24].

The balance of the covariates in patients with HF and 
their controls prior and after the matching was compared via 
the standardized difference (SDiff). The SDiff compares the 
difference in means in units of the pooled standard devia-
tion and it is not influenced by sample size, which allows the 
comparison of the relative balance of variables measured in 
different units. A SDiff > 0.1 after the matching was consid-
ered imbalanced.

The PS matching was repeated for direct comparisons 
between patients with HFpEF and HFrEF. The PS was 
defined as the estimated probability of being HFrEF vs. 
being HFpEF. The same variables as for the other two PS 
matched cohorts plus the number of hospitalizations due to 
HF were used to calculate the PS. Since the populations of 
patients with HFpEF and HFrEF were of similar size, a 1:1 
greedy matching was performed.

Statistical analyses

The mortality risk of HFrEF-/HFpEF-patients and controls 
were calculated by dividing the number of deaths during 
the study period by the sum of the person-times in each 
cohort. Confidence intervals (CIs) were estimated using the 

substitution method, assuming a Poisson distribution of the 
number of events. Age-standardized 1-year mortality rates 
were calculated separately for men and women, based on the 
German population as of 1st of January, 2010. CIs for the 
standardized mortality estimates were calculated according 
to the method proposed by Chiang [25]. As the main analysis 
of the study was the calculation of mortality rates in HFrEF 
and HFpEF patients and their controls in propensity score 
matched cohorts, the Cox regression mainly served as an 
exploratory analysis to quantify the influence of the single 
comorbidities on mortality and was therefore not adjusted 
for multiple testing. To determine factors associated with 
mortality, a Cox regression model of mortality was per-
formed, including the following independent variables in 
each model: presence of HFpEF (or HFrEF), sex, age at and 
year of cohort entry, all diseases of the Elixhauser comor-
bidity measure (excluding congestive heart failure), sleep 
apnea, stable angina pectoris, acute coronary syndrome, 
ischemic stroke, hyperlipidemia, prior percutaneous coro-
nary intervention, prior coronary artery bypass graft.

The Cox regression analysis was repeated for the PS 
matched cohort of patients with HFrEF and HFpEF. Fur-
ther, Kaplan–Meier curves were generated to compare the 
survival rates of patients with HFpEF and HFrEF. A log-
rank test (p < 0.05) was used to test for differences in the 
survival curves. All analyses were conducted with SAS 9.3 
(SAS Institute Inc., Cary, NC, USA).

Ethics

The approval of the study was based on the endorsement 
of the project by the SHIs and their responsible superior 
authorities based on § 75 of volume 10 of the German Social 
Code. Informed patient consent was not required. Two 
authors (OR, DE) had full access to all the data in the study 
and take responsibility for its integrity and the data analysis.

Results

Main analysis

Patient characteristics

For 1986 patients, data on the EF was available, with 811 
(40.8%) patients having HFrEF and 1175 (59.2%) hav-
ing HFpEF (for excluded patients due to missing data on 
the EF please see supplemental Table S2). Patients with 
HFpEF were older than those with HFrEF (73.8 ± 11.7 
vs. 69.3 ± 12.7  years) and fewer were below 50  years 
among HFpEF patients compared to HFrEF (4.6 vs. 8.8%). 
Both subgroups had similar heart rates (HFpEF patients: 
69.1 ± 16.9 beats per minute (bpm) vs. HFrEF patients: 
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64.7 ± 12.5 bpm) and body mass indices (HFpEF patients: 
28.1 ± 7.8 vs. HFrEF patients: 29.0 ± 14.2). Mean EF in 
HFrEF patients was 32.1 ± 7.2 vs. 58.0 ± 9.4 in HFpEF 
patients. The distribution of the Elixhauser comorbidity 
measure was similar for patients with HFrEF (4.2 ± 2.5) 
and for patients with HFpEF (4.4 ± 2.4). For a full charac-
terization of the study population please see supplemental 
Table S3. In total, 37 patients (1.9%) were lost to follow-up 
due to other reasons than death. Hereof, 20 patients suf-
fered from HFpEF (mean age 60.1 ± 17.7 years) and 17 were 
patients with HFrEF (mean age 55.4 ± 18.4 years.)

In the PS matched cohorts, 777 HFrEF-patients were 
matched to 3446 controls and 1135 HFpEF-patients were 
matched to 4832 controls. As shown in Table 1, patients 
and controls were balanced in regard to demographics 
and comorbidities except for valvular heart diseases (both 
cohorts) and cardiac arrhythmias (HFpEF matched cohort) 
with SDiffs > 0.1. (The medication status of patients and 
matched controls can be seen in Supplemental Table 4).

Table 1  Characteristics of patients and controls in the propensity score-matched cohort (values are % if not otherwise indicated)

HFrEF/HFpEF Heart failure with reduced/preserved ejection fraction, SDIff standardized difference
a Patients can suffer from diseases from all subgroups
b Not considered for PS matching

HFrEF HFpEF

Patients Controls SDiff Patients Controls SDiff

N 777 3446 1135 4832
Age
 0 to < 40 years 2.4 3.9 1.3 1.3
 40 to < 50 years 6.8 3.9 3.4 3.1
 50 to < 60 years 10.9 8.9 7.0 6.6
 60 to < 70 years 23.0 21.6 16.6 19.0
 70 to < 80 years 35.8 37.3 37.7 37.8
 80 to < 90 years 19.4 20.2 28.6 26.4
 ≥ 90 years 1.5 4.2 5.3 5.9
 Mean age (SD) 69.1 (12.86) 70.3 (14.49) 0.091 73.6 (11.85) 73.6 (12.14) 0.004

Male sex 68.7 66.8 0.044 49.7 50.3 0.013
Comorbidity
 Acute coronary syndrome 11.5 9.9 0.050 7.6 6.4 0.046
 Stable angina pectoris 12.5 11.5 0.029 10.3 9.2 0.037
 Ischemic stroke 4.9 4.8 0.005 4.6 4.8 0.008
 Hyperlipidemia 40.8 41.5 0.015 35.9 36.2 0.004
 Sleep apnea 2.4 2.1 0.024 3.5 2.8 0.039
 Chronic pulmonary  diseasea 32.7 31.7 0.021 35.9 34.6 0.029
 Chronic obstructive pulmonary disease 29.2 27.5 0.038 32.2 30.6 0.034
 Asthma 8.9 8.2 0.024 9.0 8.7 0.011
 Other chronic pulmonary disease 1.5 2.4 0.062 2.9 2.5 0.024
 Cardiac  arrhythmiasa 42.3 38.9 0.071 40.4 34.6 0.118
 Atrial  fibrillationb 22.5 19.6 0.072 25.1 18.1 0.172
 Other cardiac  arrhythmiasb 32.7 29.0 0.079 26.6 26.0 0.014
 Valvular disease 32.0 26.2 0.130 33.8 25.2 0.190
 Arterial hypertension 70.5 72.0 0.033 78.9 78.4 0.013
 Diabetes mellitus 41.6 40.9 0.013 39.1 38.2 0.020
 Renal failure 17.4 15.9 0.040 16.1 13.6 0.070
 Obesity 18.5 19.1 0.015 23.9 23.0 0.021
 Peripheral vascular disorders 24.2 23.1 0.025 22.6 22.0 0.014
 Depression 15.2 15.3 0.003 19.1 18.3 0.021

Mean Elixhauser comorbidity measure (SD) 4.0 (2.45) 3.8 (2.23) 4.3 (2.34) 3.9 (2.14)
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Mortality rates

In the overall study population, mortality rates were 228.7 
(95% CI 205.6–253.7) per 1000 person years (pys) among 
HFrEF patients and 186.5 (95% CI 169.6–204.6) among 
HFpEF patients. In both patient groups, mortality rates 
increased steadily with advancing age and reached a peak 
for patients aged 90 years and older (HFrEF: 1119.2 per 
1000 pys, 95% CI 558.7–2002.5; HFpEF: 697.7, 95% CI 
516.2–922.5). Among HFrEF patients, females had a 
higher overall mortality rate than males (253.3, 95% CI 
210.0–302.9 vs. 218.0, 95% CI 191.2–247.6). Similarly, 
among HFpEF patients, females had a higher overall mor-
tality rate than males (215.9, 95% CI 189.9–244.5 vs. 159.4, 
95% CI 138.1–183.1).

Table 2 shows the age-stratified mortality rates in the 
PS-matched cohorts. HFrEF patients and HFpEF patients 
featured substantially higher mortality rates than their cor-
responding matched controls.

The age-standardized 1-year mortality rate per 1000 
persons was 218.8 (95% CI 160.2–277.3) across all HF-
cases in the PS matched cohorts. Patients with HFrEF had 
a higher rate than patients with HFpEF (267.8, 95% CI 
175.9–359.8 vs. 166.2, 95% CI 101.5–230.9). The rates in 
their corresponding controls were substantially lower (con-
trols for HFrEF patients: 86.1, 95% CI 70.0–102.3; controls 

for HFpEF patients: 61.5, 95% CI 52.9–70.1). Substantial 
differences between males and females were neither found 
among patients nor among controls.

Mortality risks

The adjusted risks for mortality in patients and their respec-
tive matched controls are depicted in Table 3.

Direct comparison between both HF groups

Patient characteristics

For direct comparisons between both HF groups, 680 
HFrEF-patients with were PS-matched with 680 HFpEF-
patients with (see Table 4). Both subgroups were well bal-
anced with no SDiffs > 0.1 on any variable considered for 
PS matching.

Mortality risks

Table  5 shows the adjusted mortality risks of HFpEF-
patients compared with PS matched HFrEF-patients. Higher 
age, the presence of chronic pulmonary disease other than 
COPD or asthma, diabetes, renal failure and peptic ulcer 
were associated with an increased mortality.

Table 2  Age-stratified mortality 
rates (per 1000 person years) in 
the PS-matched cohorts

n number of deaths in the population, HFrEF/HFpEF heart failure with reduced/preserved ejection fraction
a At cohort entry

Patients Controls

n Rate 95% CI n Rate 95% CI

HFrEF
 Agea, in years
  0 to < 40 4 90.7 24.7–232.2 4 8.8 2.4–22.5
  40 to < 50 8 67.5 29.1–132.9 10 29.0 13.9–53.3
  50 to < 60 26 139.8 91.3–204.9 23 26.8 17.0–40.2
  60 to < 70 57 139.4 105.6–180.6 98 50.9 41.4–62.1
  70 to < 80 127 230.7 192.3–274.5 246 96.7 85.0–109.5
  80 to < 90 99 476.2 387.1–579.8 191 183.4 158.3–211.4
  ≥ 90 11 1119.2 558.7–2002.5 70 416.0 324.3–525.6

 All 332 217.6 194.8–242.3 642 87.5 80.9–94.5
HFpEF
 Agea, in years
  0 to < 40 1 32.8 0.8–182.5 0 0.0 0.0–19.9
  40 to < 50 6 61.9 22.7–134.7 9 21.8 10.0–41.4
  50 to < 60 11 66.2 33.0–118.5 16 18.1 10.3–29.4
  60 to < 70 41 80.9 58.0–109.7 110 48.4 39.8–58.3
  70 to < 80 153 165.1 140.0–193.5 289 73.4 65.2–82.4
  80 to < 90 172 313.9 268.8–364.5 329 148.9 133.3–165.9
  ≥ 90 48 689.2 508.1–913.7 128 362.5 302.4–431.0

 All 432 184.3 167.3–202.5 881 85.9 80.3–91.8
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Table 3  Adjusted mortality 
risk in heart failure patients 
compared to their propensity 
score-matched controls 
according to subtype of heart 
failure

This model was additionally adjusted for year of cohort entry
HFrEF/HFpEF Heart failure with reduced/preserved ejection fraction, HR hazard ratio, COPD chronic 
obstructive pulmonary disease, AIDS/HIV acquired immunodeficiency syndrome/human immunodefi-
ciency virus
a Except congestive heart failure
b Reference = condition/treatment not present

HFrEF HFpEF

HR 95% CI HR 95%CI

Presence of HF subtype (reference = control) 2.73 2.38–3.13 2.11 1.87–2.37
Age (continuous; reference = 60 years) 1.06 1.05–1.06 1.07 1.06–1.08
Sex (reference = male) 0.92 0.79–1.06 0.86 0.76–0.97
Diseases of the Elixhauser comorbidity  measurea

 COPDb 1.05 0.91–1.22 1.01 0.89–1.14
 Asthmab 1.18 0.93–1.49 1.14 0.92–1.41
 Other chronic pulmonary  diseaseb 1.13 0.72–1.77 1.16 0.80–1.67
 Atrial  fibrillationb 1.11 0.94–1.31 1.10 0.96–1.27
 Other cardiac  arrhythmiasb 0.94 0.81–1.09 0.85 0.75–0.97
 Valvular  diseaseb 0.80 0.68–0.93 0.93 0.81–1.06
 Arterial  hypertensionb 0.79 0.68–0.92 0.71 0.62–0.81
 Diabetes  mellitusb 1.26 1.11–1.44 1.38 1.23–1.55
 Renal  failureb 1.36 1.16–1.60 1.37 1.18–1.58
 Obesityb 0.78 0.64–0.95 0.94 0.81–1.09
 Peripheral vascular  disordersb 0.98 0.84–1.14 1.10 0.96–1.25
 Depressionb 0.97 0.81–1.16 0.98 0.85–1.13
 Pulmonary circulation  disordersb 1.14 0.79–1.65 1.01 0.76–1.35
 Paralysisb 1.39 1.00–1.95 1.11 0.81–1.51
 Other neurological  disordersb 1.31 1.00–1.71 1.41 1.16–1.72
 Hypothyroidismb 1.05 0.78–1.41 1.00 0.77–1.29
 Liver  diseaseb 1.32 1.10–1.59 1.07 0.89–1.29
 Peptic ulcer disease (excluding bleeding)b 0.94 0.64–1.39 1.02 0.74–1.40
 AIDS/HIVb – – 0.36 0.05–2.63
 Lymphomab 1.11 0.69–1.79 2.41 1.78–3.25
 Rheumatoid arthritis/collagen vascular  diseaseb 0.96 0.72–1.27 0.97 0.79–1.20
 Coagulopathyb 1.01 0.79–1.29 0.96 0.77–1.19
 Weight  lossb 1.06 0.67–1.68 1.73 1.31–2.29
 Fluid and electrolyte  disordersb 1.15 0.90–1.47 1.52 1.24–1.87
 Blood loss  anemiab 0.92 0.38–2.26 1.34 0.76–2.36
 Deficiency  anemiasb 1.17 0.91–1.50 1.28 1.04–1.58
 Alcohol  abuseb 1.43 1.09–1.88 1.40 1.08–1.82
 Drug  abuseb 1.09 0.59–2.02 1.10 0.60–2.01
 Psychosisb 1.48 0.91–2.41 1.59 1.07–2.36

Other comorbidity
 Sleep  apneab 0.76 0.43–1.36 0.74 0.48–1.15
 Stable angina  pectorisb 0.79 0.64–0.99 0.77 0.63–0.96
 Acute coronary  syndromeb 0.83 0.65–1.06 1.01 0.80–1.29
 Ischemic  strokeb 1.59 1.23–2.05 1.15 0.90–1.47
 Hyperlipidemiab 0.78 0.68–0.89 0.80 0.71–0.91

Use of health services
 Prior percutaneous coronary  interventionb 1.67 1.00–2.79 1.04 0.50–2.14
 Prior coronary artery bypass  graftb 0.48 0.12–2.01 – –
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Figure 1 shows the Kaplan–Meier curves for both heart 
failure disease entities. Among HFrEF-patients, the esti-
mated survival probability dropped to 0.5 after 40 months, 
whereas for HFpEF-patients, it dropped to a minimum level 
of 0.52 after 64 months. The log-rank test statistic revealed 
significant differences between both entities (p < 0.001).

Discussion

While it is well known that HF is associated with higher 
mortality rates, it remains unclear, whether patients with 
HF die due to the underlying HF condition or due to other 

contributing factors (e.g. comorbidities). Especially HFpEF 
is still a somewhat enigmatic syndrome, where, despite 
several clinical trials conducted, heart failure therapies as 
yet failed in showing convincing evidence to alter the nat-
ural history of disease. In fact, due to the high burden of 
comorbidities, treatment strategies, where clinicians target 
comorbidities, in addition to the underlying cardiac dysfunc-
tion, have been advocated as being particularly relevant for 
patients with HFpEF [26]. Thus, in the present study, we 
compared mortality rates among hospitalized patients with 
HFrEF, hospitalized patients with HFpEF and patients with 
similar comorbidity profiles but without HF diagnosis. In 
both HF groups we found substantially decreased survival 

Table 4  Characteristics of 
propensity score-matched 
HFrEF patients and HFpEF 
patients

HFrEF/HFpEF Heart failure with reduced/preserved ejection fraction, SDiff standardized difference
a Patients can suffer from diseases from all subgroups
b Not considered for PS matching

HFrEF HFpEF SDiff

n % n %

N 680 680
Age
 0 to < 40 years 8 1.2 15 2.2
 40 to < 50 years 32 4.7 35 5.1
 50 to < 60 years 59 8.7 65 9.6
 60 to < 70 years 152 22.4 135 19.9
 70 to < 80 years 265 39.0 262 38.5
 80 to < 90 years 153 22.5 145 21.3
 ≥ 90 years 11 1.6 23 3.4
 Mean age (SD) 71.0 (11.57) 70.8 (12.49) 0.014

Male sex 439 64.6 429 63.1 0.031
Comorbidity
 Acute coronary syndrome 73 10.7 75 11.0 0.009
 Stable angina pectoris 91 13.4 91 13.4 0.000
 Ischemic stroke 33 4.9 37 5.4 0.027
 Hyperlipidemia 268 39.4 265 39.0 0.009
 Sleep apnea 18 2.6 18 2.6 0.000
 Chronic pulmonary  diseasea 234 34.4 229 33.7 0.016
 Chronic obstructive pulmonary disease 209 30.7 206 30.3 0.010
 Asthma 70 10.3 57 8.4 0.066
 Other chronic pulmonary disease 15 2.2 18 2.6 0.029
 Cardiac  arrhythmiasa 293 43.1 293 43.1 0.000
 Atrial  fibrillationb 164 24.1 179 26.3 0.051
 Other cardiac  arrhythmiasb 227 33.4 201 29.6 0.082
 Valvular disease 231 34.0 242 35.6 0.034
 Arterial hypertension 503 74.0 499 73.4 0.013
 Diabetes mellitus 289 42.5 288 42.4 0.003
 Renal failure 121 17.8 120 17.6 0.004
 Obesity 138 20.3 124 18.2 0.052
 Peripheral vascular disorders 173 25.4 163 24.0 0.034
 Depression 114 16.8 107 15.7 0.028

Mean Elixhauser comorbidity measure (SD) 4.2 (2.52) 4.2 (2.42)
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rates compared to controls. This is in accordance with previ-
ous findings of higher mortality rates in HFpEF patients as 
compared to age- and sex-matched controls without HF in 
the community [8]. However, our analyses extend these find-
ings since our comparisons were not only based on similar 
distributions of age and sex, but were also made between 
patients who additionally had similar comorbidity profiles, 
treatment regimens and parameters of general health. As the 
main finding of our study, the PS-adjusted mortality differ-
ences suggest that comorbidities have a higher impact in the 
mortality of patients with HFpEF as compared to patients 
with HFpEF (as further explained below).

Our findings have several implications. First of all, the 
results underscore that HFrEF and HFpEF are severe condi-
tions which are associated with substantial mortality. Sec-
ond, all-cause mortality was higher in patients with HFrEF 
than in those with HFpEF. Thus our results confirm pre-
viously reported high mortality rates among patients with 
HFrEF and among patients with HFpEF [5, 10]. HFrEF 
patients revealed a substantially decreased life expectancy 
with 50% of patients having deceased after 40 months while 
in HFpEF patients 52% of patients were still alive after 64 
months of observation.

Comparing the survival of HFrEF and HFpEF patients 
with their respective controls, who were similar with respect 
to sociodemographic characteristics as well as patterns of 
comorbidities and medications, the difference in mortality 
was more pronounced in HFrEF. In reverse, this suggests 
that comorbidity had a higher contribution to mortality in 
HFpEF patients than in those with HFrEF. This was also 
supported by the comparisons of the age-standardized 1-year 
mortality rates in HFpEF and HFrEF patients compared 
to their comorbidity-matched controls without HF. While 
the difference in the 1-year mortality rate between HFrEF 
patients and their controls was 182/1000 persons, it was 
only 105/1000 persons between HFpEF patients and their 
controls. This suggests a higher contribution of comorbid-
ity to mortality in HFpEF patients as compared with HFrEF 
patients.

Several parameters confirmed our study sample to be rep-
resentative for the population of HF patients attending to 
the hospital care sector. HFpEF occurred more frequently 
than HFrEF with proportions of 59.2% vs. 40.8%. This is 
in accordance with occurrence rates that have been previ-
ously described [10, 27]. Similarly, patients with HFrEF 
were more frequently male and of younger age than patients 
with HFpEF [10]. Also, our results are in agreement with 
previous findings regarding clinical characteristics of the 
included patients. Both subgroups of patients were highly 
comorbid, and the frequency of comorbidities were compa-
rable to those reported earlier [28–30], with arterial hyper-
tension representing the most common one in patients with 
HF, being more frequent among patients with HFpEF than 

Table 5  Adjusted mortality risk in PS-matched patients with HFrEF/
HFpEF

This model was additionally adjusted for year of cohort entry
HFrEF/HFpEF heart failure with reduced/preserved ejection, HR 
hazard ratio
a Reference = condition/treatment not present

Prevalent HF

HR 95% CI

Presence of HFpEF (reference = HFrEF) 0.60 0.50–0.71
Age (continuous; reference = 60 years) 1.05 1.04–1.06
Sex (reference = male) 1.00 0.82–1.21
Diseases of the Elixhauser comorbidity measure
 COPDa 1.13 0.92–1.38
 Asthmaa 1.12 0.83–1.52
 Other chronic pulmonary  diseasea 1.86 1.02–3.38
 Atrial  fibrillationa 1.01 0.81–1.25
 Other cardiac  arrhythmiasa 0.88 0.72–1.07
 Valvular  diseasea 0.96 0.79–1.16
 Arterial  hypertensiona 1.00 0.81–1.25
 Diabetes  mellitusa 1.37 1.14–1.64
 Renal  failurea 1.51 1.21–1.87
 Obesitya 0.95 0.75–1.21
 Peripheral vascular  disordersa 1.15 0.94–1.41
 Depressiona 0.96 0.76–1.23
 Pulmonary circulation  disordersa 0.98 0.63–1.51
 Paralysisa 1.44 0.91–2.28
 Other neurological  disordersa 1.40 0.98–1.99
 Hypothyroidisma 0.68 0.45–1.02
 Liver  diseasea 0.87 0.66–1.14
 Peptic ulcer disease (excluding bleeding)a 1.60 1.02–2.52
 Lymphomaa 1.92 0.97–3.80
 Rheumatoid arthritis/collagen vascular  diseasea 0.86 0.58–1.27
 Coagulopathya 0.96 0.70–1.31
 Weight  lossa 0.73 0.39–1.37
 Fluid and electrolyte  disordersa 1.32 0.95–1.84
 Blood loss  anemiaa 0.64 0.16–2.61
 Deficiency  anemiasa 1.02 0.72–1.46
 Alcohol  abusea 1.33 0.87–2.05
 Drug  abusea 0.64 0.24–1.77
 Psychosesa 1.31 0.63–2.74

Other comorbidity
 Sleep  apneaa 1.15 0.65–2.04
 Stable angina  pectorisa 0.78 0.59–1.03
 Acute coronary  syndromea 0.88 0.65–1.19
 Ischemic  strokea 1.12 0.76–1.65
 Hyperlipidemiaa 0.91 0.75–1.10

Use of health services
 Prior percutaneous coronary  interventiona 0.74 0.34–1.58
 Prior coronary artery bypass  grafta 1.24 0.43–3.57
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among patients with HFrEF. Moreover, the comorbidity 
profile of the patients in this study also fit well with fig-
ures obtained from previous epidemiological studies on 
HF that were based on healthcare claims data [3]. We also 
found high proportions of diabetes and elevated BMI in both 
subgroups of HF patients who had similar BMIs and with 
similar BMI [5]. Thus, regarding the sociodemographic and 
clinical characteristics, the study sample seems representa-
tive of the HF patient population in this care sector. Also, the 
results of a recently published study that was based on The 
Health Improvement Network (THIN) primary care data-
base are comparable to our findings, with similar effects of 
hyperlipidemia, diabetes and renal impairment on mortality 
in patients with incident HF [31].

So far, only few studies have investigated the differential 
associations between comorbidity patterns and outcomes in 
patients with HFrEF or HRpEF and were mostly restricted 
to one of both subtypes [32–35]. The present study provides 
new insights by the inclusion of both HF subtypes and the 
direct and indirect comparison of the associated comorbidi-
ties. In addition, our study was based on a linked dataset 
combining detailed clinical data from the HIS with long 
follow up information and a comprehensive patient his-
tory from the health insurance data, which combines the 

advantages of using claims databases and hospital informa-
tion for conducting epidemiological research. For the evalu-
ation of the role of comorbidities in mortality among HF 
patients, we used a sophisticated PS matching approach that 
allowed us to generate comparison groups largely similar to 
the HF populations under study. In fact, we think that the 
novelty of our study is not inherent in the results—some of 
which were already known—but rather in the methodologi-
cal approach that was developed to obtain them, and which 
has not been chosen before.

Yet some limitations should be kept in mind when inter-
preting our results. First, approximately 20% of patients were 
excluded due to lack of information on the EF, which might 
bear the risk of bias or non-random drop-outs. As informa-
tion on the EF was lacking for these patients, the underlying 
form of HF remains unknown. Based on the age and gen-
der distribution, the age might suggest a preponderance of 
HFrEF patients while the proportion of males would rather 
point to a preponderance of HFpEF cases. Importantly, how-
ever, taking the total Elixhauser score as well as the rates of 
its single entities among excluded patients into account, our 
data do not provide an indication that excluded patients had 
more or less comorbidities than included patients. There-
fore a systematic sampling error due to the exclusion of 

Fig. 1  Estimated survival probability for patients with HFrEF/HFpEF
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these patients is unlikely. Also concerning the EF, it should 
be noted that our study was conceptualized before the EF 
boundaries for a third group with mid-range left-ventricular 
EF (40–49%) was established. Thus, this third group was 
not excluded in our analyses. When designing the study, we 
have deliberately chosen the presented cutoff of 45% as it 
had been used in various clinical trials then [9, 22, 23], and 
even a recently published study relied on the same cutoff 
[36]. However, future studies that are based on health claims 
data should certainly consider this third group as well.

Further limitations refer to the nature of claims data as 
stored in the SHI data. Data on lifestyle-related factors, that 
might have an impact on the morbidity and mortality of the 
patients (e.g. smoking habits) are not stored in SHI data and 
thus could not be taken into account. The comorbidity pro-
files of our study population were ascertained by the pres-
ence of ICD-10-GM diagnoses, and the severity of comorbid 
diseases could not be disentangled, potentially leading to 
residual confounding. In this study, however, we tried to 
compensate this flaw by the comprehensive PS matching 
approach and by factoring in the medications of the patients 
under study. In this context, one could also object that put-
ting all comorbidities into one single PS model does not 
reflect clinical reality by leading to a potential underesti-
mation of the pathophysiological contribution of each sin-
gle comorbidity to mortality. However, it should be noted 
that, although the comorbidities were all grouped together 
in the PS model, the single comorbidities were well bal-
anced after matching with standardized differences equal or 
below 0.1 on all comorbidities considered, except for val-
vular heart diseases and cardiac arrhythmias, as was shown 
in the results. Thus, the possibly differing pathophysiologi-
cal weights of the comorbidities can be regarded as being 
accounted for in this study, diminishing the clinical contribu-
tion of our data only marginally. Similarly, a further poten-
tial concern relates to the question of the external validity 
of the Elixhauser measure, since it rather factors in the mere 
presence of a comorbid disease but not its severity, which 
might of course vary among patients. While the Elixhauser 
measure has been repeatedly proven to be valid in the anal-
yses of administrative data, especially when investigating 
mortality [37–39], this still is a potential flaw. We have tried 
to compensate for this by not only including the ICD-10 
codes but also medications into the model, which should 
have further decreased the risk that the considered groups 
in our study differed substantially regarding the severity of 
the comorbidities.

Also, with reference to the limitations of our study sam-
ple, in an optimal study design control patients without HF 
would have been chosen among those, who were hospi-
talized in the very same hospital, to enable comparability 
regarding further parameters that are not explicitly stored 
in our database (e.g. socio-economic status). Yet since we 

are not able to identify unique hospitals in our database for 
data protection reasons, this factor could not be considered 
for the selection of our controls. However, we do not expect 
substantial biases given that the catchment area of the Old-
enburg Hospital is very large and covers many regions in 
Lower Saxony and Bremen. To sum up, given the similar 
comorbidity profiles between HF-patients and controls, the 
higher difference in mortality rates between HFrEF-patients 
and controls points more to HF-specific mechanisms for 
these patients, whereas for HFpEF-patients a higher contri-
bution of comorbidity is suggested by our results. Further 
studies are needed, especially taking further aspects (e.g. 
lab parameters, life-style related behaviour) into account.
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