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1. INTRODUCTION 
 

1.1. Definition and classification of heart failure 
   

Heart failure (HF) is a clinical syndrome where patients present mainly with dyspnea, reduced 

exercise capacity, and fatigue. Clinically observed signs are ankle edema, elevated jugular 

venous pressure, crackles in the lungs, or a third heart sound (S3) during auscultation. 

Regardless of the etiology, patients with HF show reduced cardiac output [1]. The 

manifestations and the severity of HF are usually aggravated by existing comorbidities. HF-

comorbidities were studied extensively in several studies such as the studies investigating 

comorbidities aggravating HF (SICA-HF). [2] A considerable proportion of the current 

cumulative habilitation was performed as part of SICA-HF. 

 

There are different ways of classifying HF. These are some examples: 1- according to the left 

ventricle ejection fraction (LVEF), or 2- according to the time course of HF. 

 

1.1.1 Classification of HF according to LVEF 

 
In summary, the guidelines of the European Society of Cardiology – HF 2021 (ESC-HF) 

classified patients with HF into 3 groups according to LVEF as follows: HF with reduced LVEF 

≤40% (HFrEF), HF with mildly reduced LVEF: 41-49% (HFmrEF), and HF with preserved 

ejection fraction (HFpEF) where LVEF ≥50% (Table 1) [1]. 

 

1.1.2 Classification of HF according to the time course of HF 

 
 
Chronic HF describes patients who have established diagnosis of HF or those who have gradual 

onset of symptoms. If HF-therapy is stable over the last 4 weeks and the patient does not suffer 

from worsening signs and symptoms, this case will be described as stable chronic HF. Any 

deterioration from the above condition is defined as decompensated HF or acute heart failure 

(AHF) or worsening HF [1].  
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Table 1: Classification of HF according to the ESC-HF- guidelines 2021: 

 

 

* BNP/NT-proBNP in clinically stable outpatient with HF should be at least 35 and 125 pg/ml, 
respectively. 
¶ structural heart disease: either left ventricular hypertrophy (interventricular septum thickness 
of posterior wall ≥13 mm) or left atrial enlargement (left atrial volume index -LAVI > 34 
ml/m2).  
§ To evaluate the diastolic dysfunction in the echocardiography, one needs to measure the mitral 
inflow wave (E-wave) and tissue doppler waves by acquiring medial and lateral mitral annulus 
velocities (e´ wave). An index of E/é > 13 shows key functional alterations. This is described 
in detail in the ESC-HF guidelines 2021 and echocardiography guidelines [3, 4]. 
 

 

 

 

 

 

 

 

Type of 

HF/Criteria 

HFrEF HFmrEF HFpEF 

 Symptoms ± signs  Symptoms ± signs Symptoms ± signs 

 LVEF ≤ 40 %  LVEF 41-49 % LVEF ≥ 50% 

  - Elevated levels of BNP/ 

NT-proBNP* 

- At least one additional 

criterion: 

- Relevant structural 

heart disease¶ 

- Diastolic 

dysfunction§ 

- Elevated levels of BNP/ 

NT-proBNP* 

- At least one additional 

criterion: 

- Relevant structural 

heart disease¶ 

- Diastolic 

dysfunction 
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1.2  Incidence and prevalence of HF 

 

HF is a major health, social and economic problem with about 26 million people worldwide 

currently suffering from HF [5, 6]. Epidemiological analysis shows an incidence of HF up to 

4/1000 person-years [7]. Given an aging population and the rising burden of comorbidities, 

incidence and prevalence are increasing [8, 9]. A further explanation for the increased 

prevalence is the improved survival after HF has been diagnosed, which is in part due to the 

continuous improvement and new discoveries of medical and device therapy [10-15]. The 

prevalence of HF in developed countries is currently estimated to be about 10% and 30 % 

among people older than 70 and 80 years, respectively. It is expected that the prevalence of HF 

will increase about 46% from 2012 to 2030 [16, 17].  

 

In spite of advancements in medical and device therapy over the last decades the rates of HF 

admissions and readmission because of AHF are still very high [18, 19]. The readmission rates 

one month after discharge, as an indicator of the efficacy of in-hospital and discharge 

management of patients with AHF, are still with about 25%, very high. About 50% of these 

patients will be re-hospitalized within the first year after discharge [20-22]. Many of the 

hospitalizations are due to non-cardiovascular causes [23].  

 

The resulting economic burden on health system and care delivery is immense. The costs related 

to HF in the US are expected to increase by 130% and reach in year 2030 about 70 billion US 

[24, 25].  

 

Mortality due to HF has declined in the last couple of decades reflecting the improvement in 

medical and device therapy [26]. However, HF is still accompanied with poor outcome. The 

estimated survival beginning from the diagnosis of HF is about 75% and 35-50 % in the 1and 

5 years, respectively [26]. The causes of mortality in these patients are often due to non-

cardiovascular (comorbidities) causes, especially in patients with HFpEF [27].  
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1.3 Etiology of HF 
 
Different predisposing factors for HF in the general population have been identified. These 

include arterial hypertension, diabetes mellitus (DM), hypercholesteremia, coronary artery 

diseases, obesity, smoking, and cardiac arrhythmias [28]. Patients with HFpEF have usually 

more comorbidities such as arterial hypertension, atrial fibrillation, and are often obese. Women 

tend to be more affected with HFpEF than men [29]. On the other hand, those patients with 

HFrEF have more often coronary artery disease leading to ischemic cardiomyopathy (ICM). 

Sometimes there is no clearly identifiable etiology and patients still suffer from reduced LVEF 

and show enlarged left ventricle diameters. This entity is called dilated cardiomyopathy (DCM). 

Other examples of cardiomyopathies are toxic cardiomyopathy (chemotherapy-induced, 

ethanol), infectious/inflammatory (influenza, giant cell myocarditis), infiltrative (amyloidosis), 

or familial (hypertrophic cardiomyopathy) [30]. 

 
 

1.4 Comorbidities of HF 
 

HF-Comorbidities can be cardiac such as coronary artery disease, arterial hypertension, 

atrial fibrillation, valvular heart disease, or non-cardiovascular like DM, chronic obstructive 

pulmonary disease (COPD), renal insufficiency, anemia, iron deficiency, sleep-disordered 

breathing, skeletal muscle dysfunction (sarcopenia), or wasting disorders in general (cachexia), 

or psychosocial disorders (depression, anxiety) [4] (Figure 1).  

 

In some epidemiological analyses patients with HF showed 5 or more comorbidities [31]. The 

risk of hospitalization is associated strongly with the number of comorbidities [32]. Non-

cardiovascular comorbidities are responsible for more than half of the hospitalizations and often 

lead to worse outcomes in patients with HF especially in those with HFpEF [23]. Therefore, 

screening for comorbidities systematically in patients with HF is very important and could 

influence the outcome and the prognosis in patients with HF.  

Comorbidities also interfere with the diagnosis of HF. COPD for example is a confounding 

factor for dyspnea [33]. HF and COPD have many further similarities, for example smoking is 

a risk factor for both diseases. Lung crackles as clinical findings might be seen in both diseases. 

In the advanced stages of both HF and COPD, patients may present with unintentional weight 

loss, malnutrition, and cachexia. Comorbidities can aggravate HF and worsen quality of life 

(QoL) [34]. This is true for almost all cardiac and non-cardiovascular comorbidities (atrial 

fibrillation, valvular heart diseases, kidney dysfunction, iron deficiency). Furthermore, 
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comorbidities may affect the therapy for HF. Prescribing angiotensin converting enzyme 

inhibitors or angiotensin receptor blockers is sometimes not possible in patients with severe 

renal insufficiency and requires special attention in patients with hyperkalemia [35].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Kidney and liver 
dysfunction 

Neurological 
diseases 

(depression, 
anxiety) 

Diabetes mellitus 
(DM) 

Valvular heart 
disease 

Arrhythmias (atrial 
fibrillation) 

Anemia and iron 
deficiency 

HF-
Comorbidities 

Sarcopenia and 
cachexia 

Sleep-disordered 
breathing 

Chronic obstructive 
lung disease 

(COPD) 
Hyperlipidemia & 

Obesity 

Arterial 
hypertension 

Coronary artery 
diseases 

Figure1: A variety of comorbidities of HF. These can be divided into cardiac and non-cardiac. 
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The heart and kidney are in continuous interaction. In healthy individuals, the kidney is 

depending on the blood flow and perfusion pressure supplied by the heart, which in turn relies 

on a normal kidney function in regulating fluid and salt content of the body [36]. Fluid overload 

as a result to HF leads to harm and functional deterioration of both organs [36]. The maladaptive 

interactions between kidney and heart occurring in various diseases is called the cardiorenal 

syndrome. About 50% of patients with HF, both with HFpEF and HFrEF, have an estimated 

glomerular filtration rate of 60 (L/min/1.73 m2), which is consistent with underlying renal 

dysfunction [37]. 

 

Moreover, the treatment of comorbidities may worsen HF, for example non-steroidal anti-

inflammatory drugs (NSAIDS) as therapy for arthritis or chemotherapy for patients with cancer 

[38]. Additionally, the therapy of HF and the comorbidities can lead to reduced efficacy and 

further side effects (e.g., beta-blocker and beta-adrenergic agonists for the management of HF 

and COPD, respectively) [33]. On the other hand, treating comorbidities has been proven to 

improve symptoms of HF (e.g., iron deficiency) [39] 

 

Here is a summary of the most common comorbidities of HF.  

 

1.4.1 Diabetes mellitus  

 

Diabetes mellitus (DM) is one of the most common co-morbidities of HF. According to 

different studies and surveys, the prevalence ranges from 30 to 50 % in both patients with 

HFpEF and HFrEF [40, 41]. 

 

Patients with DM and chronic HF especially those with ischemic cardiomyopathy (ICM) tend 

to have higher short-term rehospitalization and short-term mortality. However, long-term 

prognostic consequences are less clear in this group of patients [42-45]. 

Glycemic dysregulation is mainly responsible for pathophysiological mechanism of DM in 

patients with HF. This consists of mitochondrial dysfunction, (micro)vascular disease, and 

oxidative stress [46, 47]. HF predisposes to DM and vice versa [48].  

 

1.4.2 Arterial hypertension  
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Arterial hypertension is probably the most common comorbidity in HF and the most modifiable 

risk factors in this group of patients [49].  HFpEF is the most common cardiac complication of 

arterial hypertension. Arterial hypertension is a risk factor for developing myocardial infarct 

and might lead to ischemic heart disease and finally to HFrEF.  

 

1.4.3 Atrial fibrillation 

 
Atrial fibrillation is as common as 1-2% in the general population. Its prevalence is expected 

to increase by 2.5% in the year 2050 [50, 51]. Both atrial fibrillation and HF have common risk 

factors such as age, obesity, arterial hypertension, DM, structural and valvular heart diseases. 

Prevalence of atrial fibrillation in patients with HF is about 30%. It is known in the meanwhile 

that the pathophysiological changes occurring in HF and atrial fibrillation will promote the 

development of the other disease [52, 53]. The coexistence of both diseases has a worse 

prognosis and leads to elevated rates of mortality and stroke [54]. 

 

1.4.4 Chronic obstructive pulmonary disease 

 
Chronic obstructive pulmonary disease (COPD) co-exists in up to 50% of patients with chronic 

HF [41]. The prevalence is about seven times higher compared to the general population [33]. 

As a result to a missing structural screening system, prevalence indices vary considerably [55]. 

In addition, spirometry is not always conclusive in patients with HF due to pulmonary 

congestion [56]. This makes the diagnosis of COPD in patients with HF even more difficult.  

 

 

In summary, a systematic screening for and an effective therapy of comorbidities in 

patients with HF is central in the management of patients with HF. These patients require 

tailored therapies for both HF and for their comorbidities.  

 

 

This habilitation thesis investigates and describes common but often forgotten 

comorbidities such as skeletal muscle changes, sarcopenia, cachexia, iron deficiency, sleep 

related breathing disorders, mental disorders such depression and anxiety, and liver 

changes. These comorbidities have been my research topic in almost the last 10 years.  
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2. SKELETAL MUSCLE WASTING (SARCOPENIA) AND 

CACHEXIA 
 

Age-related loss of skeletal muscle mass and function is part of the normal aging process and 

has been termed sarcopenia or muscle wasting [57], and it affects about 10% of elderly healthy 

subjects aged 60–70 years [58]. The prevalence is much higher in chronic diseases such as HF 

[59]. 

Appendicular skeletal muscle mass (ASM) that includes non-fat and non-bone tissue in both 

arms and legs combined in grams was analyzed in patients using dual energy X-ray 

absorptiometry (DEXA) to evaluate skeletal muscle mass according to the definition of 

sarcopenia (muscle wasting) [60]. In accordance with previously published consensus 

statements and using reference values (7.26 kg/m2 in men vs. 5.45 kg/m2 in women) from the 

previously published younger (age range: 18–40 years) Rossetta cohort [61], sarcopenia was 

defined as muscle mass 2 standard deviations below the mean of the reference values in this 

reference population. The ratio resulting from indexing appendicular lean mass to body height 

(in meters squared) was used to separate patients with and without sarcopenia [62]. 

 

The 2021 HF guidelines of the European Society of Cardiology acknowledged sarcopenia as 

an important comorbidity of HF that requires particular attention [4], because wasting processes 

are accelerated and more pronounced in chronic diseases including HF [63]. The prevalence of 

sarcopenia in a mixed cohort of patients with symptomatic chronic HF was found to be 19.5% 

in a recently published study by our group [64]. 

 

In a previous study, Bekfani et al enrolled a total of 117 symptomatic outpatients with HFpEF 

prospectively in Germany, England, and Slovenia as part of a multi-center European study 

(SICA-HF). ASM was assessed by DEXA. Echocardiography, 6-minute walk testing (6-

MWT), muscle strength assessment, cardiopulmonary exercise testing (CPET) and QoL 

evaluation were performed. Muscle wasting was defined as ASM 2 standard deviations below 

the mean of a healthy reference group aged 18-40 years. Patients were divided into 3 groups 

according to the E/e' value as group A ≤8, group B 9-14, and group C ≥15. Muscle wasting was 

present in 19.7% of all patients. These patients performed worse in 6-MWT and showed lower 

absolute peak oxygen consumption. Values of muscle strength/ASM were associated with a 

better QoL. Logistic regression showed ASM to be independently associated with reduced 
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walking distance in 6-MWT adjusted for NYHA, height, left atrium diameter, ferritin and 

forced expiratory volume within the first second (FEV1). [59] 

 

Further research was supported by a grant from the interdisciplinary center for clinical research 

at the University Hospital of Jena. We investigated here molecular, structural, and metabolic 

changes in skeletal muscle in patients with HF both HFpEF and HFrEF compared to healthy 

controls. Here is the summary: 

 

2.1 Skeletal Muscle Function, Structure, and Metabolism in Patients with Heart Failure 

with Reduced Ejection Fraction and Heart Failure with Preserved Ejection Fraction 

 
Reduced exercise capacity in patients with heart failure (HF) could be partially explained by 

skeletal muscle dysfunction. We compared skeletal muscle function, structure, and metabolism 

among clinically stable outpatients with HFpEF, HFrEF, and healthy controls (HC). 

Furthermore, the molecular, metabolic, and clinical profile of patients with reduced muscle 

endurance was described. 

Fifty-five participants were recruited prospectively at the University Hospital Jena (17 HFpEF, 

18 HFrEF, and 20 HC). All participants underwent echocardiography, CPET, 6-MWT, 

isokinetic muscle function, and skeletal muscle biopsies. Expression levels of fatty acid 

oxidation, glucose metabolism, atrophy genes, and proteins as well as inflammatory biomarkers 

were assessed. Mitochondria were evaluated using electron microscopy. 

We found that patients with HFpEF demonstrated, compared with HFrEF and HC, reduced 

muscle strength (eccentric extension: 13.3±5.0 versus 18.0±5.9 versus 17.9±5.1 Nm/kg, 

P=0.04), elevated levels of MSTN-2 (myostatin-2), FBXO-32 (F-box only protein 32 

[Atrogin1]) gene and protein, and smaller mitochondrial size (P<0.05). Mitochondrial function 

and fatty acid and glucose metabolism were impaired in HF patients compared with HC 

(P<0.05) (Figure 2). In order to describe the molecular, metabolic, and clinical profile of 

patients with reduced muscle endurance, we divided the cohort into two groups according to 

the mean value of muscle endurance measured by extension of left leg with 180°.sec 

(Nm)/muscle mass of the left leg (kg) and found that reduced muscle endurance (< mean value 

of the cohort) was associated with elevated level of inflammatory biomarkers such as growth 

and differentiation factor 15 (GDF-15) and of atrophy-related protein (FBXO-32) measured 

both in western blot and with immunohistochemistry as well as with higher expressions of 

further atrophy-related genes. Peroxisome proliferator-activated receptor alpha (PPARa) and 

glucose-transporter-4 (GLUT4) as indicators of fatty acid oxidation and glucose metabolism 
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were reduced as well. Clinically, reduced muscle endurance was associated with reduced peak 

VO2 and walking distance in 6-MWT. In a multiple regression analysis, GDF-15, CPT1B 

(carnitine palmitoyltransferase IB)-protein and oral anticoagulation were independent factors 

for predicting reduced muscle endurance after adjusting for age (log10 GDF-15 [pg/mL] [B, 

−54.3 (95% CI, −106 to −2.00), P=0.043], log10 CPT1B per fold increase [B, 49.3 (95% CI, 

1.90–96.77), P=0.042]; oral anticoagulation present [B, 44.8 (95% CI, 27.90–61.78), 

P<0.001]). 

We concluded that patients with HFpEF have worse muscle function and predominant muscle 

atrophy compared with those with HFrEF and HC. Inflammatory biomarkers, fatty acid 

oxidation, and oral anticoagulation were independent factors for predicting reduced muscle 

endurance. 

 

• Our study was the first study that described increased levels of atrophy genes and 

proteins as well as reduced mitochondrial size in skeletal muscle in stable outpatients 

with HFpEF compared with HFrEF and HC. 

•  We described the molecular, metabolic, and clinical profile of patients with reduced 

muscle endurance. 

• Inflammation and fatty acid oxidation seem to be responsible for the reduced muscle 

endurance. 

 

WHAT ARE THE CLINICAL IMPLICATIONS? 

 

• Molecular, mitochondrial, and metabolic abnormalities in skeletal muscle in patients 

with HFpEF were associated clinically with reduced exercise capacity and reduced 

muscle function. 

• This emphasizes the role of skeletal muscle on the reduced exercise capacity and 

dyspnea in patients with HFpEF. 

•  Focusing on endurance training or treating the above-mentioned abnormalities may 

lead to the improvement of the clinical condition of patients with heart failure with 

preserved ejection fraction. 
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Bekfani, T., et al., Skeletal Muscle Function, Structure, and Metabolism in Patients With 
Heart Failure With Reduced Ejection Fraction and Heart Failure With Preserved 
Ejection Fraction. Circ Heart Fail, 2020. 13(12): p. e007198. 
 
Figure 2: Molecular and metabolic profile of skeletal muscle in patients with HFpEF compared 
to HFrEF and HC. a: Expression of catabolic (FBXO-32, Myostatin-2, UBB, FOXO, TGF-ß1, 
MYH 2) and anabolic genes (MYH 7, Akt-2 and IGF-1) in patients with HFpEF, HFrEF and 
HC. b: Expression of metabolic genes (fatty acid oxidation: CD36, ACADM, CTP1B, and 
MFN2, and glucose oxidation: GLUT1, GLUT4, PDK4, and PPARa) in skeletal muscle in 
HFpEF, HFrEF and HC. c: Protein level of FBXO-32 analyzed using immunohistochemistry 
in patients with HFpEF, HFrEF and HC. d: GLUT4-protein level in patients with HFpEF, 
HFrEF and in HC measured by immunohistochemistry. e and f: CPT1B-protein level in 
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patients with HFpEF, HFrEF and in HC measured both by immunohistochemistry and western 
blot, respectively. g: Transmission electron microscopic images of mitochondria in skeletal 
muscle biopsies M: Mitochondria. *: p<0.05 in comparison between HFpEF/ HC and 
HFrEF/HC. #: p<0.05 in comparison between HFpEF/HFrEF 
ACADM: medium-chain acyl-CoA dehydrogenase, Akt: protein kinase B, CD36: fatty acid 
translocase, CPT1B: carnitine palmitoyl transferase IB, FBXO-32: F-box only protein 32 
(Atrogin1), FOXO: Forkhead box protein O, GAPDH: Glyceraldehyde-3-phosphate 
dehydrogenase, GLUT1,4: glucose-transporters 1,4, IGF-1: insulin-like growth factor 1, 
MFN2: mitofusin, MYH 7, 2: myosin fibers type I and type II, PDK4: pyruvate dehydrogenase 
kinase 4, PPAR α: peroxisome proliferator-activated receptor α TGF-ß: Transforming growth 
factor ß, UBB: ubiquitin B. 
 

 

Metabolic changes taking place in patients with HF are reflected in various body fluids and 

tissues. As discussed above, metabolic, and structural perturbations in skeletal muscle have 

been found in patients with HF, both with HFpEF and HFrEF in association with reduced 

muscle endurance (RME) [65]. Thus, metabolomic analysis could support defining a distinct 

fingerprinting of various HF phenotypes and expand our knowledge on the pathogenic 

mechanisms underlying HF and its comorbidities such as sarcopenia or more mild forms such 

as reduced skeletal muscle function [66]. The next publication will be illustrated here: 

 

2.2 Metabolomic profiling in patients with heart failure and exercise intolerance: 

Kynurenine as a potential biomarker 
 

In this study we aimed to create phenotypes for patients with RME and HFpEF compared to 

RME HFrEF according to their metabolomic profiles and to test the potential of Kynurenine 

(Kyn) as a marker for RME. The mean value of muscle endurance of quadriceps was used to 

divide the cohort into two groups (above or below the mean). RME was defined as muscle 

endurance <mean value of the cohort. Altogether, 18 HFrEF, 17 HFpEF, and 20 HC were 

prospectively included in the current study. The following tests were performed on all 

participants: isokinetic muscle function tests, echocardiography, spiroergometry, and various 

blood tests. Liquid chromatography tandem mass spectrometry was used to quantify 

metabolites in serum. Our results demonstrated that, except for aromatic and branched amino 

acids (AA), patients with HF showed reduced AAs compared to HC. Further perturbations were 

elevated concentrations of Kyn and acylcarnitines (ACs) in HFpEF and HFrEF patients (p < 

0.05). While patients with HFpEF and RME presented with reduced concentrations of ACs 

(long- and medium-chains), those with HFrEF and RME had distorted AAs metabolism (p < 

0.05) (Figure 3). With an area under the curve (AUC) of 0.83, Kyn shows a potential as a 
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marker in HF and RME (specificity 70%, sensitivity 83%) (Figure 4). In a multiple regression 

model consisting of short-chain-ACs, spermine, ornithine, glutamate, and Kyn, the latest was 

an independent predictor for RME (95% CI: −13.01, −3.30, B: −8.2 per 1 µM in-crease, p = 

0.001). We concluded that RME in patients with HFpEF vs. HFrEF proved to have different 

metabolomic profiles suggesting varied pathophysiology. Kyn might be a promising biomarker 

for patients with HF and RME. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

PME 
RME 

HFrEF 

Scores 
Plot 

C
om

po
ne

nt
 2

 (1
4%

) 

Component 1 
(11.5%) 

PME 
RME 

Component 1 
(24.5%) 

C
om

po
ne

nt
 2

 
(1

2.
5%

) 

Scores 
Plot 

HFpEF A B 

A-1 B-1 

A-2 B-2 



14 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bekfani T, et. al., Metabolomic profiling in patients with heart failure and exercise 
intolerance: Kynurenine as a potential biomarker. Cells. 2022 May 18;11(10):1674.  
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Figure 3: Metabolomic profiles of patients with reduced muscle endurance (RME) vs. preserved 
muscle endurance (PME) in HFpEF vs. HFrEF suggest different distorted metabolites and 
likely different mechanisms and metabolic pathways accompanying the RME. Visualization of 
the metabolomic profile using heat maps to show changes in the top 25 metabolite 
concentrations, and partial least squares-discriminant analysis (PLS-DA) among HFpEF (A, A-
1 and A-2), HFrEF (B, B-1 and B-2), and in patients with RME and HFpEF vs. RME and 
HFrEF (C, C-1 and C-2), respectively. 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bekfani T, et. al., Metabolomic profiling in patients with heart failure and exercise 
intolerance: Kynurenine as a potential biomarker. Cells. 2022 May 18;11(10):1674.  
 
Figure 4: The receiver operator characteristic (ROC) curve of Kynurenine to distinguish 
patients with RME of the left leg in flexion/muscle mass of the left leg. Area under the curve 
(AUC) is 0.83. 
 
 
 
Further search on sensitive biomarkers for detecting RME showed that the left atrial function 
estimated with novel and modern methods such as left atrial strain (LAS) and left atrial 
emptying fraction (LAEF) could be promising in this respect, too: 
 

2.3 Relation of left atrial function with exercise capacity and muscle endurance in 

patients with heart failure 
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As previously mentioned, patients with HFpEF and HFrEF present mainly with dyspnea 

and reduced exercise capacity [67]. These manifestations could be explained with central 

(cardiac) or peripheral (skeletal muscle) factors. One of the suggested mechanism is elevated 

left ventricular (LV) filling pressure [68]. Several studies have demonstrated that left atrial 

strain measured by 2-dimentional speckle tracking echocardiography (2D-STE) is a surrogate 

of elevated LV filling pressure [69-71]. Recently, left atrial function has gained attention due 

to the pivotal role of the left atrium in the resting and exercising cardiovascular system. Studies 

found a linear relationship between LA-function and maximal oxygen uptake (peak VO2) 

during cardiopulmonary exercise testing (CPET) in different disease states such as HFpEF, 

diabetes mellitus, ischemic and dilated cardiomyopathies [72-76].  

Similarly, reduced exercise capacity, measured as reduced peak VO2, has been shown in several 

studies to be linked to peripheral factors such as skeletal muscle dysfunction both in patients 

with HFpEF and HFrEF [59, 64]. In fact, as discussed above about 20% of patients with HF 

suffer from skeletal muscle wasting, which is associated with reduced exercise and functional 

capacity (peak VO2) [59, 64]. Additionally, as has been shown in a previous publication of our 

working group, molecular, mitochondrial, and metabolic abnormalities in skeletal muscle in 

patients with HFpEF and HFrEF were associated clinically with reduced exercise capacity and 

reduced muscle function [65].  

 

As mentioned above, reduced peak VO2 is associated with central and peripheral limitations. 

However, no direct relationship between central and peripheral factors could be proven yet. On 

the contrary, exercise training was shown to improve exercise tolerance in patients with HF 

independently of improving cardiac function measured as left ventricular ejection fraction  [77]. 

One of the possible explanations for the failure in demonstrating a link between central and 

peripheral limitations of exercise capacity is likely not using more sensitive and novel cardiac 

measurements such as LAEF and LAS. LAS represents the severity of myocardial 

deformations. LAEF is calculated similarly to the left ventricle ejection fraction and both LAS 

and LAEF are surrogate novel parameters evaluating LA function and stiffness.  

We hypothesized as the result to the multi-organ involvement in HF syndrome, an association 

between central and peripheral factors involved in the reduced exercise capacity in HF and 

searched for a sensitive cardiac parameter to demonstrate this relationship. Therefore, we 

investigated the association between LAS, LAEF, and left ventricular global strain (LVGLS) 

on one hand, and muscle endurance as surrogate of skeletal muscle function in patients with 

HFpEF, HFrEF and HC, on the other hand. We hypothesized that central novel parameters 
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(LAEF, LAS) are capable to detect the peripheral limiting factors (reduced skeletal muscle 

function). 

We analyzed in this study echocardiographic measurements, CPET, and isokinetic muscle 

function in 55 subjects with HF and controls (17 HFpEF, 18 HFrEF and 20 HC) and found that 

patients with reduced LAEF showed reduced peak VO2: 14.3±3.5 vs. 18.5±3.5 ml/min/kg, 

p=0.003 and RME: 64.3±23.9 vs. 88.5±32.3 Nm/kg, p=0.028. Patients with reduced LAS 

showed similar results. Neither LVGLS nor left atrial volume index (LAVI) were associated 

with RME. The area under the curve of LAS and LAEF in patients with HF in association with 

RME were (0.76 vs.0.80) with 95% confidence interval (CI) (0.59-0.96, p=0.012 vs. 0.63-0.98, 

p=0.006, respectively) (Figure 5). In a multiple linear regression, LAEF and working load 

measured during CPET (Watt) were independent factors for RME after adjusting for age, 

LVGLS and 6-MWT [LAEF (B: 0.09, 95% confidence interval (CI): 1.01; 1.18, p=0.024), 

working load (B: 0.05, 95% CI: 1.01; 1.08, p=0.006). Peak torque of the left leg was associated 

with E/LAS (E: early diastolic) in patients with HFpEF (r=-0.6, p=0.020). Endurance of the left 

leg was associated with LAEF (r=0.79, p=0.001) in patients with HFrEF. We concluded that 

LAS/LAEF are potential cardiac markers linking cardiac and peripheral limitations of exercise 

capacity. Thus, integrating LAS/LAEF in the evaluation of exercise intolerance in patients with 

HF could be useful. 
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Bekfani T, et. al., Relation of left atrial function with exercise capacity and muscle 
endurance in patients with heart failure. ESC Heart Fail. 2021 Dec;8(6):4528-4538.  
 
Figure 5: The receiver operator characteristic (ROC) curve of left atrial emptying fraction 
(LAEF) and left atrial global longitudinal strain (LAGLS) to distinguish patients with reduced 
muscle endurance of left leg in extension/muscle mass of left leg (< mean value of the cohort 
of patients with HF). Area under the curve (AUC) is 0.80 vs. 0.76, respectively. 
 
 
In a further publication, we showed a prognostic value of muscle wasting in patients with HF. 
Here are the details: 
 
2.4 Muscle wasting as an independent predictor of survival in patients with chronic heart 

failure 

 

It is known that skeletal muscle wasting is an extremely common feature in patients with HF, 

affecting approximately 20% of ambulatory patients with even higher values during acute 

decompensation. Its occurrence is associated with reduced exercise capacity, muscle strength, 

and QoL. We sought to investigate if the presence of muscle wasting carries prognostic 

information. 

Two hundred sixty-eight ambulatory patients with HF (age 67.1 ± 10.9 years, NYHA class 2.3 

± 0.6, left ventricular ejection fraction 39 ± 13.3%, and 21% female) were prospectively 

enrolled as part of the SICA-HF. Muscle wasting, as assessed using DEXA, was present in 47 

patients (17.5%). 

Our results showed that during a mean follow-up of 67.2 ± 28.02 months, 95 patients (35.4%) 

died from any cause. After adjusting for age, NYHA class, left ventricular ejection fraction, 

creatinine, N-terminal pro-B-type natriuretic peptide, and iron deficiency, muscle wasting 

remained an independent predictor of death (hazard ratio 1.80, 95% confidence interval 1.01– 

3.19, P = 0.04) (Figure 6). This effect was more pronounced in patients with HFrEF than in 

HFpEF.  

We concluded that muscle wasting is an independent predictor of death in ambulatory patients 

with HF. This was the first study to describe the effect of muscle wasting on survival of patients 

with chronic HF. Clinical trials are needed to identify treatment approaches to this co-

morbidity.  
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Further entities of wasting disorders as co-morbidities of HF are cachexia and anorexia. 

 
Cachexia is , an involuntary loss of body mass, affects about 16% of patients with HF and is 

an independent predictor of worse overall prognosis [78].  

The pathophysiology of cardiac cachexia is multifactorial in nature. Several mechanisms such 

as hormonal disturbances [79], overexpression of the pro-inflammatory cytokines, and 

malabsorption [80], and reduced food intake [81] have been reported. As previously shown, 

cachexia in HF is associated with right ventricular (RV) dysfunction rather than left ventricular 

(LV) impairment [82]. Adverse metabolic changes leading to cachexia may in part be attributed 

to venous congestion of the gastrointestinal system, which arises from RV failure. However, 

von Haehling S, Bekfani T, et. al., Muscle wasting as an independent predictor of 
survival in patients with chronic heart failure. J Cachexia Sarcopenia Muscle. 2020 
Oct;11(5):1242-1249.  
 
Figure 6: Kaplan-Meier survival curves by status of muscle wasting in the overall cohort. 
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the exact link between RV dysfunction and cachexia remains unknown. The aim of our next 

study was to evaluate signs of intestinal congestion and their relationship to cachexia in a cohort 

of ambulatory patients with HFrEF (Figure 7). 

 

Weight was measured in light clothes without shoes at baseline and follow-up. Weight change 

history up to 24 months prior to enrolment was documented based on medical reports or 

patients’ personal statements. Cachexia was defined according to the current consensus-based 

diagnostic criteria [83]. Hence, the diagnosis was made in the presence of non-edematous, non-

intentional weight loss of ≥5% over a period of at least 6 months. In addition, at least three of 

the following criteria had to be fulfilled: (i) decreased muscle strength, defined using a hand-

grip strength test in the lowest tertile according to gender and age; (ii) fatigue; (iii) anorexia; 

(iv) lean tissue depletion, defined using the appendicular skeletal muscle index ,5.45 kg/m2 for 

female and ,7.26 kg/m2 for male patients [62], measured by DEXA, and (v) abnormal 

biochemistry, defined by elevated inflammatory markers [high-sensitivity C-reactive protein 

(hsCRP) > 5.0 mg/L] or anemia (hemoglobin ,12 g/dL). Here is the summery of this research 

work: 

 

2.5 Intestinal congestion and right ventricular dysfunction: a link with appetite loss, 

inflammation, and cachexia in chronic heart failure 

 
Mechanisms leading to cachexia in HF are not fully understood. We evaluated in this study 

signs of intestinal congestion in patients with chronic HF and their relationship with cachexia. 

  

Of the 165 prospectively enrolled outpatients with left ventricular ejection fraction ≤40%, 29 

(18%) were cachectic. Among echocardiographic parameters, the combination of right 

ventricular dysfunction and elevated right atrial pressure (RAP) provided the best 

discrimination between cachectic and non-cachectic patients [AUC 0.892, 95% CI: 0.832 – 

0.936]. Cachectic patients, compared with non-cachectic, had higher prevalence of post-

prandial fullness, appetite loss, and abdominal discomfort. Abdominal ultrasound showed a 

larger bowel wall thickness (BWT) in the entire colon and terminal ileum in cachectic than in 

non-cachectic patients. Bowel wall thickness correlated positively with gastrointestinal 

symptoms, hsCRP, RAP, and truncal fat-free mass, the latter serving as a marker of the fluid 

content. Logistic regression analysis showed that BWT was associated with cachexia, even after 

adjusting for cardiac function, inflammation, and stages of HF (odds ratio 1.4, 95% CI: 1.0 – 



21 

1.8; P-value=0.03). Among the cardiac parameters, only RAP remained significantly associated 

with cachexia after multivariable adjustment. 

We concluded that cardiac cachexia was associated with intestinal congestion irrespective of 

HF stage and cardiac function. Gastrointestinal discomfort, appetite loss, and pro-inflammatory 

activation provide probable mechanisms by which intestinal congestion may trigger cardiac 

cachexia. However, our results are preliminary and larger studies are needed to clarify the 

intrinsic nature of this relationship. 

 

 
 
 
 

 

 

 

 

 

 
 
 
 
 
 
 
 

 

 

 

 

Intestinal congestion, cachexia, and HF might be associated with anorexia. Currently, it is 

acknowledged that the term malnutrition suggests a nutritional problem or failure, according to 

the combination of loss of food intake with age-related changes and other HF-related co-

morbidities. Anorexia, defined as the loss of desire to eat, is a multifactorial process, despite 

caloric deprivation is frequently seen in HF patients [84]. 

Valentova M, Bekfani T, et. al., Intestinal congestion and right ventricular dysfunction: 
a link with appetite loss, inflammation, and cachexia in chronic heart failure. Eur Heart 
J. 2016 Jun 1;37(21):1684-91.  
 
Figure 7: Possible mechanistic involvement of intestinal congestion in the pathophysiology 
of cardiac cachexia. Right ventricular failure and intestinal congestion may trigger 
malabsorption of nutrients, loss of appetite, and increased translocation of bacterial 
lipopolysaccharide. All these factors, along with long-term activation of renin-angiotensin-
aldosterone system, may lead to cachexia. 
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2.6 Anorexia, functional capacity, and clinical outcome in patients with chronic heart 
failure 
 

Anorexia is also reported as an independent and strong predictor of morbidity and mortality 

among patients in various clinical settings [85]. In oncology patients, the anorexia-cachexia 

syndrome is diagnosed as weight loss accompanied by anorexia, associated with impaired 

functional capacity and worse outcomes [86]. Despite the growing importance of anorexia, 

cachexia, and functional capacity for QoL, there is still a lack of information explaining whether 

and how they relate to each other in patients with HF [87]. The reasons for anorexia are 

multifactorial. For example, drug therapy, hepatic or gastrointestinal congestion and 

gastrointestinal dysfunction, and metabolic disturbance could affect appetite. Therefore, the 

determinants of anorexia and the influence of anorexia on functional capacity and outcome are 

of special interests in patients with HF. 

 

Evaluation of anorexia 

A single-item measure was used to assess the presence of anorexia in all participants [88]. 

Subjects were asked to answer the question ‘Do you have appetite loss?’ (Rated as 6-point 

Likert scale 0 = not at all, 1 = very rarely, 2 = rarely, 3 = occasionally, 4 = frequently, and 5 = 

very frequently with higher number indicating increased frequency of anorexia). A cut-off value 

≥ 1 on the anorexia scale was used to define anorexia [88]. 

We aimed in this study to assess determinants of anorexia in patients with HF and aimed to 

further elucidate the association between anorexia, functional capacity, and outcomes in 

affected patients. 

We assessed in this study anorexia status among 166 patients with HF (25 females, 66 ± 12 

years) who participated in SICA-HF.  

Functional capacity was assessed as peak oxygen uptake (peak VO2), 6 min walk test, and short 

physical performance battery test. A total of 57 patients (34%) reported any anorexia and these 

patients showed lower values of peak VO2, 6 min walk distance, and short physical 

performance battery score (all P < 0.05). Using multivariate analysis adjusting for clinically 

important factors, only hsCRP [OR 1.24, P = 0.04], use of loop diuretics (OR 5.76, P = 0.03), 
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and the presence of cachexia (OR 2.53, P = 0.04) remained independent predictors of anorexia. 

A total of 22 patients (13%) died during a mean follow-up of 22.5 ± 5.1 months. Kaplan-Meier 

curves for cumulative survival showed that those patients with anorexia presented higher 

mortality (Log-rank test P = 0.03) (Figure 8).  

We concluded that inflammation, use of loop diuretics, and cachexia are associated with an 

increased likelihood of anorexia in patients with HF, and patients with anorexia showed 

impaired functional capacity and poor outcomes.  

 
 
 
 
 
 
 
 
 
 
  

Saitoh M, Bekfani T, et. al., Anorexia, functional capacity, and clinical outcome in 
patients with chronic heart failure: results from the Studies Investigating Co-
morbidities Aggravating Heart Failure (SICA-HF). ESC Heart Fail. 2017 Nov;4(4):448-
457.  
 
Figure 8: Kaplan-Meier survival curve. 
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Moving to another common morbidity in HF, namely iron deficiency (ID) and anemia, we 

analyzed the prevalence of ID in HFpEF and its relation to reduced exercise capacity, muscle 

strength and QoL. 

3. IRON DEFICIENCY AND ANEMIA 
 
Anemia is a known co-morbidity across the spectrum of HF with either preserved or reduced 

ejection fraction [89]. Anemia is associated with worse prognosis and reduced functional 

capacity in this group of patients [89].  

Iron plays a key role in oxygen uptake, transport, and storage, as well as oxidative metabolism 

in the skeletal muscle; it is also involved in erythropoiesis [90]. However, erythropoiesis 

remains undisturbed until late in the course of iron depletion [91]. ID is defined as ferritin <100 

microg per liter or ferritin between 100-299 microg per liter, if transferrin saturation <20% [39]. 

It has been reported that ID with or without anemia impairs the aerobic performance and leads 

to fatigue and exercise intolerance [92]. It is also known that the intravenous repletion—as 

opposed to oral administration [93]—of iron in patients with HFrEF improves functional 

capacity, symptoms, and QoL and may be associated with reduced hospitalization rates for 

worsening in HF [39].  

 

ID is an extremely common nutritional disorder that affects up to 2 billion people worldwide 

[91], and it has recently been reported as a frequent co-morbidity in stable HFrEF patients [94]. 

Furthermore, ID—but not anemia—was found to be an independent predictor of worse outcome 

in HFrEF patients [95]. 

However, less is known about ID in HFpEF patients. Thus, we performed the following 

multicenter, prospective, cross-sectional study: 

 

3.1 Iron deficiency in patients with heart failure with preserved ejection fraction and its 

association with reduced exercise capacity, muscle strength, and quality of life  

 
The prevalence of ID in outpatients with HFpEF and its relation to exercise capacity and QoL 

is unknown. 

 

One hundred nintety symptomatic outpatients with HFpEF (LVEF 58±7%; age 71±9 years; 

NYHA 2.4±0.5; BMI 31±6kg/m2) were enrolled as part of SICA-HF in Germany, England and 

Slovenia. ID was defined as ferritin < 100 or 100–299 μg/L with transferrin saturation (TSAT) 
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< 20%. Anemia was defined as hemoglobin (Hb) < 13 g/dL in men, < 12 g/dL in women. Low 

ferritin-ID was defined as ferritin < 100 μg/L. Patients were divided into 3 groups according to 

E/e′ at echocardiography: E/e′ ≤ 8; E/e′ 9–14; E/e′ ≥ 15. All patients underwent 

echocardiography, CPET, 6-MWT, and QoL assessment using the EQ5D questionnaire. 

We found that overall, 111 patients (58.4%) showed ID with 89 having low ferritin-ID 

(46.84%). Seventy eight (41.1%) patients had isolated ID without anemia and 54 patients 

showed anemia (28.4%) (Figure 9). ID was more prevalent in patients with more severe 

diastolic dysfunction: E/e′ ≤ 8: 44.8% vs. E/e′: 9–14: 53.2% vs. E/e′ ≥ 15: 86.5% (p = 0.0004) 

(Figure 10). Patients with ID performed worse during the 6MWT (420±137 vs. 344±124 m; 

p=0.008) and had worse exercise time in CPET (645±168 vs. 538±178 s, p=0.03). Patients with 

low ferritin-ID had lower QoL compared to those without ID (p = 0.03). 

We concluded that ID is a frequent co-morbidity in HFpEF and is associated with reduced 

exercise capacity and QoL. Its prevalence increases with increasing severity of diastolic 

dysfunction. 

 
  

Bekfani T, et. al., Iron deficiency in patients with heart failure with preserved ejection 
fraction and its association with reduced exercise capacity, muscle strength and quality of 
life. Clin Res Cardiol. 2019 Feb;108(2):203-211.  
 
Figure 9: a: Prevalence of Iron deficiency both with Ferritin <100ug/ml and ferritin between 100-
299 ug/ml with TSAT <20% in patients with HFpEF. b: Prevalence of both ID and anemia in 
patients with HFpEF. 
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A further aspect of comorbidities accompanying HF are psychological disorders. 

Patients with HF, especially those with HFpEF, suffer from exercise intolerance that not only 

impairs physical activity but also mental, psychological, and social life aspects in these patients 

[96-98]. Psychological and mental disorders such as depression and anxiety are common in 

both HFpEF and HFrEF [99, 100] and have been proven to be independently associated with 

higher mortality and readmission rates [98, 101]. Depression prevalence for example in patients 

with HF is 15-40% and it increases the risk for morbidity and mortality [102]. 

 

4. CENTRAL NERVOUS SYSTEM (DEPRESSION AND 

ANXIETY)  
 

Recent studies focused on peripheral factors such as skeletal muscle in explaining the 

reduced exercise capacity, dyspnea, and QoL [59, 64]. One study in animal models showed a 

link between skeletal muscle dysfunction and depression [103]. Another group demonstrated 

that exercise training in HFpEF improves physical, psychological, and social components of 

Bekfani T, et. al., Iron deficiency in patients with heart failure with preserved ejection 
fraction and its association with reduced exercise capacity, muscle strength and quality 
of life. Clin Res Cardiol. 2019 Feb;108(2):203-211.  
 
Figure 10: Prevalence of ID in groups with different severities of HFpEF.  
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QoL [98]. A further study in acute decompensated HF showed an association between physical 

function, cognitive dysfunction, and QoL [104].  

However, a systematic comprehensive comparison among clinically stable outpatients 

with HFpEF, HFrEF, and age-matched non-HF controls regarding QoL, depression, and 

anxiety and the relationship to coordination capacity and inflammatory biomarkers is still 

missing. We hypothesized that patients with HFpEF have worse QoL and increased prevalence 

of anxiety and depression compared to those with HFrEF and non-HF controls. Additionally, 

we investigated the link between QoL, depression, coordination capacity, inflammatory 

process, and muscle function in these patients. Here is the summery of our study: 

 

4.1 Psychosocial factors, mental health, and coordination capacity in patients with HFpEF 

compared to HFrEF 

 
We aimed in this study to compare QoL, depression, and anxiety scores among outpatients with 

HFpEF and HFrEF and non-HF controls (non-HF) and its relationship to coordination capacity.  

 

Fifty-five participants were recruited prospectively (17 HFpEF, 18 HFrEF, 20 non-HF). All 

participants underwent echocardiography, CPET, 10-meter walking test (10-MWT), isokinetic 

muscle function and coordination tests, and QoL- assessments using the short form of health 

survey (SF-36), and hospital anxiety and depression scale (HADS). Furthermore, inflammatory 

biomarkers such as GDF-15 were assessed. 

We found that patients with HFpEF showed compared to HFrEF and non-HF reduced QoL 

[mental component score (MCS): 43.6±7.1 vs. 50.2±10.0 vs. 50.5±5.0, p=0.03), vitality (VT): 

47.5±8.4 vs. 53.6±8.6 vs. 57.1±5.2, p=0.004), and elevated anxiety (6.5±3.2 vs. 3.3±2.8 vs. 

3.8±2. 8, p=0.02) and depression scores (6.5 [3.5-10.0] vs. 3.0 [1.0-6.5] vs. 2.0 [0.75-3.0], 

p=0.01)] (Figure 11). HFpEF and HFrEF patients showed reduced coordination capacity 

compared to non-HF (p<0.05). Patients with an elevated depression score showed reduced 

(MCS: 41.2±4.8 vs. 49.2±9.6, p=0.04), and (VT: 44.8±7.5 vs. 52.2±8.5, p=0.04). Furthermore, 

we found that peak torque of knee in eccentric extension and after adjusting to sex was 

significantly lower in patients with HFpEF and HFrEF than in non-HF controls (151±50.8 vs. 

187±39.7 vs. 220±42.1 Nm/kg, p=0.02). Peak torque of right knee in eccentric flexion was 

associated with peak torque of right knee in concentric flexion was associated with (r=0.7, 

p<0.0001) and inversely with balance coordination capacity (walking backward on 15 cm wide 

line: r=-0.4, p=0.04). These correlations remained unchanged after adjusting to sex.  
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In a logistic regression, the presence of depression score ≥8 remained an independent factor for 

predicting reduced coordination capacity after adjusting for peak VO2, GDF-15, 10-MWT, 

physical component score (PCS), and peak torque of the leg [OR: 0.1, 95% CI: 0.004-0.626, 

p=0.02]. 

 

We concluded that outpatients with HFpEF had worse QoL and higher anxiety and depression 

scores compared to HFrEF and non-HF. Depression is associated with reduced QoL and is an 

independent predictor for reduced coordination capacity. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

Bekfani T, et. al., Psychosocial factors, mental health, and coordination capacity in 
patients with heart failure with preserved ejection fraction compared with heart failure 
with reduced ejection fraction. ESC Heart Fail. 2021 Aug;8(4):3268-3278.  
 
Figure 11: Comparison of quality of life between HFpEF, HFrEF patients and non-HF controls. 
a: Vitality (VT) as part of the SF-36-questionnaire. b: Mental health component summery 
(MCS) as part of the SF-36-questionnaire. c: Anxiety scale as part of the HADS-questionnaire. 
d: Depression scale as part of the HADS-questionnaire. HADS: Hospital anxiety and 
depression scale, HFpEF: Heart failure with preserved ejection fraction, HFrEF: Heart failure 
with reduced ejection fraction, MCS: Mental health component summery, non-HF: non-heart 
failure, SF-36: short form of health survey, VT: Vitality. 
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As previously extensively discussed, HF is a syndrome affecting almost all organs and systems 

of the body. However, these organs have not being investigated systematically in a routine 

manner. Liver diseases are only one further example: 

 

5. LIVER FIBROSIS 
 

Nonalcoholic fatty liver disease (NAFLD) is a chronic liver disease which encompasses 

nonalcoholic fatty liver (NAFL) and nonalcoholic steatohepatitis (NASH).  NASH promotes 

progressive liver fibrosis and thus, can cause cirrhosis. In patients with NAFLD, advanced liver 

fibrosis as measured by validated scoring systems is linked to worse clinical outcomes including 

all-cause mortality [105], and cardiovascular disease is one of the leading causes of mortality 

[106]. The prevalence of NAFLD in HFpEF is high (>25%) based on several small 

observational studies [107, 108]. Both HFpEF and NAFLD are characterized by metabolic 

dysregulation. Accumulating evidence suggests that NAFLD, independently of other 

established risk factors for HF, is associated with HFpEF/diastolic dysfunction [109-111], and 

further, that liver disease could precede HFpEF onset [112]. NAFLD has also been shown to 

be associated with changes in myocardial structure and function over time, although obesity 

appears to account for much of this association [113].  

Despite this known overlap in pathology, liver disease is often not assessed in HFpEF 

clinical practice and clinical trials. Therefore, the prevalence and implications of liver disease 

in a contemporary cohort of HFpEF are unclear. This analysis aimed to address these gaps in 

knowledge by describing the prevalence of liver fibrosis, as assessed using surrogate 

biomarkers, and the association of such biomarkers in predicting clinical outcomes in patients 

with HFpEF. 

 
 
5.1 Association of liver fibrosis risk scores with clinical outcomes in patients with heart 

failure with preserved ejection fraction: findings from TOPCAT 

 

Patients with HFpEF from TOPCAT Americas were included in the analysis. The non-alcoholic 

fatty liver disease fibrosis score (NFS) and fibrosis-4 (FIB-4) scores were calculated using a 

combination of clinical characteristics and laboratory parameters. Risk of advanced fibrosis 

was classified as low, intermediate, and high. For the 1423 patients with sufficient data, we 

used Cox regression analysis to test the association between the risk of fibrosis severity and the 
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combined primary endpoint of all cardiovascular death, aborted cardiac arrest, and 

hospitalization for HF. Advanced fibrosis, as determined by high fibrosis scores, was present 

in 37.57% by the NFS and 8.02% by the FIB-4. Higher risk of advanced hepatic fibrosis was 

associated with older age. In unadjusted models, the risk of advanced fibrosis was associated 

with the primary cardiovascular outcome [NFS high vs. low, hazard ratio (HR) 1.709 (95% CI 

1.238–2.358, P = 0.0011) and FIB-4 high vs. low, HR 1.561 (95% CI 1.139–2.140, P = 

0.0056)]. After multivariable adjustment, this association was diminished [NFS high vs. low, 

HR 1.349 (95% CI 0.938–1.939, P = 0.1064) and FIB-4 high vs. low, HR 1.415 (95% CI 0.995–

2.010, P = 0.0531)] (Figure 12). 

In conclusion, our study suggests that advanced liver fibrosis, as estimated by fibrosis risk 

scores, is not uncommon in patients with HFpEF, and there appears to be a limited independent 

association between liver fibrosis risk scores and clinical outcomes related to HF events. 

 

  

Peters AE, Bekfani T, et. al., Association of liver fibrosis risk scores with clinical outcomes 
in patients with heart failure with preserved ejection fraction: findings from TOPCAT. 
ESC Heart Fail. 2021 Apr;8(2):842-848.  
 
Figure 12: (A) Kaplan-Meier curves for primary outcome split into non-alcoholic fatty liver 
disease fibrosis score (NFS) groups and (B) Kaplan-Meier curves for primary outcome split by 
fibrosis-4 (FIB-4) Groups 1-3. 
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The last forgotten comorbidity that we investigated was sleep-disordered breathing (SDB). 

6. SLEEP-DISRODERED BREATHING 
 

SDB is one of the most common comorbidities in patients with HF. Its prevalence ranges 

between 55-80% [114]. SDB refers to a big variety of sleep related breathing disorders 

including obstructive sleep apnea (OSA) and central sleep apnea (CSA). However, the 

awareness of its co-existence in these patients is low and there are unfortunately no routinely 

used screening programs for SDB in patients with HF. This could be partially a result of the 

high expenses spent on polysomnography, the gold standard to establish the diagnosis of SDB, 

and the limited availability of sleep labs even in developed countries. However, screening for 

SDB is possible with an ambulatory device that can be used in the patients’ home (polygraphy). 

The analysis of sleep studies distinguishes between two types of SDB: 1. CSA and 2. OSA. 

However, both types can overlap and present as mixed sleep apnea [115]. 

 

Changes in body composition among patients with SDB have been described in the general 

population in a limited number of smaller studies [116]. Two methods are helpful in this regard: 

DEXA and bioelectrical impedance analysis (BIA). Whilst DEXA uses small amounts of 

radiation, the principle of BIA depends on an electric current that flows at different rates 

encountering different electrical resistance values in the body due to the different electrical 

conduction properties of water, fat, or bone [117]. The water is localized in two compartments: 

extra-cellular water (ECW) and intracellular water (ICW). Fat tissue allows for significantly 

less conductibility than water, muscle, or bone [117]. Body composition in patients with SDB 

and the differences between CSA and OSA are not well investigated and understood yet in the 

field of HF. As a result of increased sympathetic activation, SDB may have significant impact 

on body composition or on the occurrence of muscle wasting. Indeed, there are few, if any, 

studies, that described the relationship between body composition on one hand and exercise 

capacity and the severity of HF and SDB in these patients on the other hand. 

  

We sought to investigate the characteristic differences in body composition among patients with 

SDB of either CSA or OSA type and to investigate the co-existence of muscle wasting 

(sarcopenia) in this group of patients. The prevalence of SDB in clinically stable outpatients 

with HF was evaluated using a portable screening device. Furthermore, we aimed to study the 
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relationship between the total amount of water as a sign of preclinical congestion and exercise 

capacity and the severity of HF and SDB.  

 
6.1 Heart failure and sleep-disordered breathing: susceptibility to muscle wasting and 

preclinical congestion 

  

We studied 111 outpatients with stable HF who were enrolled into the SICA-HF study. 

Echocardiography, short physical performance battery (SPPB), CPET, DEXA, BIA, tests of 

muscle strength, and polygraphy were performed. SDB was defined as apnoea/hypopnoea index 

(AHI) >5 per hour of sleep. CSA and OSA were defined as AHI >50% of central or obstructive 

origin, respectively. A total of 74 patients (66.7%) had any form of SDB [CSA (24 patients, 

32.4%), OSA (47 patients, 63.5%)] (Figure 13). Patients with SDB showed increased muscle 

weakness (chair stand), reduced muscle strength, and lower values of SPPB score (P < 0.05). 

Patients with SDB did not show overt clinical signs of cardiac decompensation compared with 

those without SDB (P > 0.05) but had increased amounts of water (total body water, 

intracellular, and extracellular) measured using BIA (P < 0.05) (Figure 14). Increased amounts 

of total body water were associated with the severity of SDB and inversely with muscle strength 

and exercise capacity measured by anaerobic threshold (P < 0.05). Altogether, 17 patients had 

muscle wasting. Of these, 11 (65%) patients had SDB (statistically not significant). 

Our conclusion was that SDB is highly prevalent in patients with HF. Patients with SDB have 

lower muscle strength and tend to be more susceptible to preclinical congestion. 

 
  

Bekfani T, et. al., Heart failure and sleep-disordered breathing: susceptibility to 
reduced muscle strength and preclinical congestion (SICA-HF cohort). ESC Heart Fail. 
2020 Oct;7(5):2063-2070.  
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Figure 13: (A, B) The prevalence of sleep-disordered breathing (SDB) in patients with heart 
failure. (C) The prevalence of SDB in heart failure with reduced ejection fraction (HFrEF) 
patients. (D) The prevalence of SDB in heart failure with preserved ejection fraction (HFpEF) 
patients. 
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Bekfani T, et. al., Heart failure and sleep-disordered breathing: susceptibility to reduced 
muscle strength and preclinical congestion (SICA-HF cohort). ESC Heart Fail. 2020 
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Figure 14: Comparison between HF-patients with and without SDB regarding: A. Muscle strength 
right leg/muscle mass right leg, B. High-sensitivity C-reactive protein (hsCRP), C. Total body 
water (TBW), D. Intracellular water (ICW). 
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7. DISCUSSION 
 

In our study “Skeletal muscle function, structure, and metabolism in patients with HFrEF 

and HFpEF”, we found that HFpEF patients have reduced muscle function, reduced 

mitochondrial size, and elevated levels of atrophy-related genes and protein (FBXO-32, MSTN-

2) compared to HFrEF and HC. Perturbations in fatty acid oxidation and glucose metabolism 

as well as reduced mitochondrial volume density were noted in HFpEF and HFrEF patients 

compared to HC. These changes were associated with reduced exercise capacity. The results 

remained unchanged after adjusting for age and gender. 

By dividing the cohort into two groups according to the mean value of muscle endurance, we 

described for the first time the molecular, metabolic, and clinical profile of reduced muscle 

endurance and found that patients with reduced muscle endurance showed reduced gene 

expression of slow muscle fibers myosin (MYH 7), elevated levels of atrophy genes and 

proteins (TGF- ß1, FOXO-1, UBB, TRIM63, FBXO-32), and lysosomal gene (CTSL). 

Furthermore, the expression of PPARa and GLUT4 were reduced in these patients. This was 

associated with an elevated inflammatory biomarker level (GDF-15) and reduced values of 

peak VO2 and 6MWT. There was neither an association with age nor with physical daily activity 

estimated in the QoL-questionnaire.  

Several factors play an important role in triggering muscle wasting and atrophy in patients with 

HF. Proinflammatory cytokines, such as tumor necrosis factor (TNF), interleukin (IL)-1, and 

IL-6 are some examples of these factors [118]. Muscle atrophy as such occurs as a result of 

imbalance between protein synthesis and degradation. One of the most important protein 

degradation pathways is activation of the ubiquitin-proteasome system (UPS). This enzymatic 

process involves binding a small signaling protein (ubiquitin) in a mono- or a polyubiquitination 

to the target protein [119, 120]. Polyubiquitination UPS is required to degrade target proteins. 

The rate-limiting enzymes in this process are the E3 ubiquitin-protein ligases [119, 121]. The 

most commonly associated E3-ubiquitin-protein ligases are TRIM-63 (also known as MURF1) 

and FBXO-32 (MAFBX or atrogin 1). It is known from several atrophy models that both TRIM-

63 and FBXO-32 are specifically induced in muscle [122]. The expression of both of these 

genes is regulated primarily by the transcription factors nuclear factor-κB (NF-κB) and FOXO 

family members [123]. The latter factors are in turn induced by the elevated pro-inflammatory 

cytokines (TNF) in patients with HF [124]. GDF-15 is a novel inflammatory biomarker that has 

been shown to be elevated in patients with HF [125]. However, its relation to skeletal muscle 

function was not tested yet. We showed that GDF-15 is elevated in patients with reduced muscle 
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endurance. In line with this, we found in our current study that patients with HFpEF showed 

elevated FBXO-32, and those with reduced muscle endurance showed elevated TRIM63 and 

FBXO-32.  

Additionally, we found that patients, who were treated with aldosterone antagonists 

(spironolactone/eplerenone) showed reduced level of FBXO-32 and had at the same time less 

muscle atrophy. It is known that aldosterone antagonists play a positive role in cardiac 

remodeling in patients with HF. Whether this group of medication plays similarly a positive 

remodeling role in skeletal muscle needs to be further investigated. This could open a new 

horizon in the treatment of patients with HF and muscle atrophy. 

A further aspect of our study was to investigate the metabolic function of skeletal muscle. We 

investigated here the changes of mitochondrial volume density, size and number, and the 

expression level of genes responsible for mitochondrial dynamics (MFN 1,2) and uncoupling 

(UCP3). Additionally, the fatty acid and glucose oxidation processes were measured in both 

HF-patients and HC. Mitochondria are ubiquitous membrane-bound organelles that are a 

defining feature of the eukaryotic cell. The organelle is comprised of a soluble matrix 

surrounded by a double membrane, an ion impermeable inner membrane, and a permeable outer 

membrane. Early biochemists recognized the importance of mitochondria as the sites of aerobic 

oxidation of metabolic fuels. It is now well established that mitochondria contribute to many 

important functions including fatty acid oxidation [126]. 

We found significantly reduced number, size, and volume density of mitochondria and 

disturbed glucose and fatty acid oxidation both in patients with HFpEF and HFrEF compared 

to HC. Decreased mitochondrial number and size was shown in previous studies to be 

associated with reduced exercise capacity in patients with HF [119, 127]. We confirmed this 

association and found additionally a profound reduction in the size of mitochondria in HFpEF 

patients compared to HFrEF and HC and a strong association between mitochondrial size and 

the expression of rate-limiting genes and proteins of fatty acid and glucose oxidation as well as 

with ventilatory threshold and peak VO2, muscle strength, and inflammatory biomarker.  

Mitochondria are dynamically regulated and undergo repeated rounds of fusion and fission, 

even moving around the cell [128]. This highly regulated phenomenon is known as 

mitochondrial dynamics and is mediated by members of the mitofusin family (mitofusin 1 and 

mitofusin 2, also known as MFN1 and MFN2) [129]. 

Fatty acid oxidation is a multistep process to produce energy through breakdown of fatty acids. 

The entrance of free fatty acids into the cells is primarily protein-dependent using protein 

transporters on the cell surface (FAT/CD36) [130]. Through esterification, acyl-CoA is formed, 
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specifically for long-chain fatty acids. Carnitine palmitoyltransferase 1 (CPT1) conversion of 

the long-chain acyl-CoA to long-chain acylcarnitine is a rate-limiting process for fatty acid 

moiety and its transport across the inner mitochondrial membrane [130]. Furthermore, 

ACADM is an important gene responsible for providing instruction to produce the enzyme 

Acyl-coenzyme A dehydrogenase, which degrades medium-chain fatty acids [130]. 

Additionally, PPARa is a key regulator of fatty acid oxidation in skeletal muscle [131]. All of 

these rate-limiting steps of fatty acid oxidation showed abnormalities in skeletal muscle in HF 

compared to HC.  

A multiple linear regression analysis showed that the inflammatory biomarker (GDF-15) and 

the rate-limiting protein in fatty acid oxidation (CPT1B) as well as OAC-therapy remain 

independent factors for reduced muscle endurance after adjusting to age. 

In conclusion, we found accentuated muscle dysfunction in patients with HFpEF compared to 

those with HFrEF and HC both clinically and on molecular basis. A multi-level and multi-

pathway disorders of protein synthesis and protein degradation, mitochondrial, and metabolic 

disorders in skeletal muscle of patients with HF especially in those with HFpEF were shown. 

Additionally, muscle endurance was associated with elevated inflammatory biomarkers and 

reduced fatty acid oxidation. As a result, setting the priority on modifying the inflammatory 

process and optimizing peripheral fatty acid oxidation could be reasonable first steps in 

developing therapies for skeletal muscle dysfunction in HF, especially in patients with HFpEF.  

 

It is assumed that skeletal muscle as one of the main energy depots of the human muscle is lost 

earlier than other tissues like adipose tissue or even bone mineral density [132]. However, the 

latter two are also affected in patients with manifest cachexia in advanced HF in whom tissue 

loss is so advanced that affected patients are losing body weight. One of the main challenges 

remains, however, to identify patients early and before weight loss becomes apparent. Our study 

“Muscle wasting as an independent predictor of survival in patients with chronic heart 

failure” underscores the assumption that the loss of skeletal muscle without manifest weight 

loss already identifies patients at increased risk of death. Indeed, cardiac cachexia had already 

been described as an independent predictor of death more than 20 years ago, but it is now 

becoming clear that skeletal muscle plays a pivotal role in this setting, because patients who 

lose muscle are unable to exercise to a sufficient degree as highlighted by low QoL. Apart from 

those reason named-above as factors supporting catabolic process, further factors and 

mechanisms could be involved in the reduced muscle function such as peripheral blood flow 

[133], abnormal ergoreflex physiology [134], and altered nutritional intake [135], but probably 
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also iron deficiency and anemia [136]. In particular, iron deficiency has been shown to have 

effects in skeletal muscle, because enzymes of the mitochondrial electron transport chain are 

iron-dependent, and recent data show that iron administration can help to improve 

phosphocreatine recovery in the muscle [137].  

 

Taken together, muscle wasting beyond the cut-offs defined to identify sarcopenia, identifies a 

large proportion of patients with HF who have low muscle strength, QoL, exercise capacity, 

and who are likely to become frail in that they may be at increased risk of falling, risk of 

fractures and hospitalizations. Our data show that these patients are also at 2-fold increased risk 

of death.   

 

As discussed above, detecting muscle wasting earlier is very important. DEXA is the currently 

used method to establish the diagnosis. However, DEXA scanning is not routinely available in 

many hospitals. Thus, there is a need for new biomarkers that are capable to detect these 

changes early enough and in an easier way. Metabolomic analysis is an emerging discipline 

that has the potential to characterize patients with different diseases, such as HF, according to 

their metabolomic profiles [17]. We described in the article “Metabolomic profiling in 

patients with heart failure and exercise intolerance: Kynurenine as a potential 

biomarker” a distinct metabolomic profile in patients with HFrEF and HFpEF compared to 

HC. Additionally, metabolomic profiles of patients with HF and RME were defined. These 

patients had reduced concentrations of Amino acids and elevated concentrations of Kyn and 

GDF-15. Clinically, this was associated with reduced 6-MWT. 

To our best knowledge, the findings of our current study report for the first time distinct 

metabolomic abnormalities in HFpEF patients with RME (reduced unsaturated-, medium-

chain-, long-chain-ACs, and medium-/long-chain ACs, reduced Alanine, and elevated Kyn) 

compared to HFpEF patients with preserved muscle endurance (PME). Furthermore, RME was 

associated with different metabolomic perturbations in HFpEF (disorders in fatty acid uptake 

and oxidation and mitochondrial metabolism) than in HFrEF (reduced concentrations of AAs) 

patients. These findings might focus a special spot of light on the distorted metabolic pathways 

and the associated pathophysiology of the altered function and structure of the skeletal muscle 

in patients with HFpEF and HFrEF. As a result, this might have direct therapeutic implications. 

 

Contrary to what is expected, studies in obese patients with diabetes and in those on high-fat 

feeding have shown increased rates of β-oxidation in skeletal muscle. This was mainly 



38 

explained by “incomplete” fat oxidation, where fatty acids enter the mitochondria but are not 

completely degraded [138]. However, such an analysis has not been performed yet considering 

the skeletal muscle function of patients with HFpEF and RME. Though our analysis was not 

performed directly in skeletal muscle tissues, we described for the first time the metabolomic 

profile of HF patients with RME. 

Furthermore, activated β-oxidative genes do not always lead to increased expression of 

downstream metabolic pathways such as the tricarboxylic acid cycle (TCA cycle), also known 

as the Krebs cycle, and the electron transport chain. Instead, in some cases, this was associated 

with decreased expression levels of PGC-1a, a transcriptional coactivator that is responsible 

for mitochondrial biogenesis and function [139]. This all is in line with our above-mentioned 

results and with the reduced levels of C0/(C16 + C18) in patients with HFpEF and RME, which 

was proven to be a surrogate of increased activity of CPT1B [140]. This all supports the 

mitochondrial dysfunction in HF with RME and shows that ACs apparently enter the 

mitochondria but are likely not appropriately metabolized or are “incompletely oxidized” in the 

mitochondria. This is in line with our previous results showing reduced levels of MFN-2 in 

skeletal muscle of patients with HF and RME [65]. Our results need to be confirmed in further 

and larger prospective studies. 

CPT1B intermediates the most rate limiting step of fatty oxidation: the conversion of fatty acyl-

CoA esters into fatty acylcarnitine derivatives, which enter the mitochondria where CPTB2 

convert them back into fatty acyl-CoA in preparation for further mitochondrial β-oxidation 

[141]. Defects of the β-oxidation that suppresses the oxidation of long-chain fatty acids lead to 

the accumulation of mitochondrial long-chain acyl-CoAs, which, in turn, makes the 

mitochondria ineffective. On the other hand, impaired long-chain fatty acid β-oxidation 

produces decreases in short- and medium-chain acyl-CoAs and finally reduced concentrations 

of short- and medium-chain AC derivatives as a result of abnormal downstream cycles of long 

fatty acids of β-oxidation. Therefore, reductions in short-, medium-, and medium-/long-chain 

AC ratios in the circulation might be a manifestation of impairments in mitochondrial long-

chain fatty acid oxidation rates. If fatty acid oxidation is weakened according to inhibition of 

mitochondrial fatty acid uptake, decreases in short-, medium-, and long-chain ACs could be 

observed [141]. Our findings show in HFpEF patients and RME an increased fatty acid 

oxidation rate and, at the same time, give some hints about mitochondrial dysfunction likely in 

other proteins than CPT1B. The causality between RME and fatty acid metabolism needs to be 

further clarified in future research. 
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A further abnormality was noted in HFpEF patients with RME that might enhance the reduced 

energy production in these patients. Alanine concentration was significantly more reduced 

compared to HFpEF patients with PME. Alanine is exported from skeletal muscles to the liver 

to support hepatic gluconeogenesis [141]. 

Patients with HFrEF and RME compared to HFrEF and PME showed mainly reduced 

concentrations of AAs without any apparent alterations in fatty acid oxidation. 

 

A further important finding of our current study was showing elevated concentrations of Kyn 

in the serum of patients with HF (HFrEF and HFpEF) and RME. It has been shown recently 

that Kyn is elevated in patients with HFrEF [142]. We confirmed these results and extended 

this knowledge to patients with HFpEF. Furthermore, in a multiple regression model consisting 

of short-chain-ACs, spermine, ornithine, glutamate, and Kyn, the latest was an independent 

predictor for RME. Additionally, we found a strong association between biogenic amines such 

as Kyn and inflammatory factors like GDF-15. 

Tryptophan (Trp) metabolism in physiologic conditions takes place in liver cells using 

tryptophan 2,3-dioxygenase [143]. However, during inflammatory processes or oxidative 

stress, such as in HF, Trp is metabolized by indoleamine-pyrrole 2,3-dioxygenase (IDO) in 

other cell types, mainly in the blood and lymphoid tissues [144]. In the latest conditions, several 

products, such as Kyn, 3-hydroxykynurenine, anthranilic acid, 3-hydroxyanthranilic acid, 

kynurenic acid, and quinolinic acid, result from the degradation of Trp. [145]. IDO-related 

pathways and the resulting elevated Kyn were proven to be involved in cardiometabolic 

diseases such as metabolic syndrome or atherosclerosis [146, 147]. Recently, Kyn was found 

to lead to cardiomyocyte apoptosis after myocardial infarct in a mice model through the 

production of reactive oxygen species [148]. Parallel to that, a recent study showed that the 

distorted Trp-metabolism pathway and the resulting elevated Kyn concentrations were 

associated with atherosclerosis and myocardial infarct [146]. Our findings are in line with the 

above-mentioned studies, showing an association between the elevated Kyn concentrations in 

serum and the impaired function of the skeletal muscle (RME) in patients with HF. This might 

be suggestive of a generalized Kyn-related pathophysiology in inflammatory processes such as 

HF that seems to take place in several tissues, such as heart muscle and skeletal muscle. Our 

results need to be further investigated in prospective studies or in animal models with HF and 

RME to prove the causality. 
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Searching for further biomarkers for detecting RME, we showed in a further paper “Relation 

of left atrial function with exercise capacity and muscle endurance in patients with heart 

failure” the link between central (LAEF, LAS) and peripheral factors (skeletal muscle function) 

involved in the pathophysiology of reduced exercise capacity in patients with HF. We showed 

a high AUC of both LAEF and LAS in association with RME. In a multiple linear regression, 

LAEF and working load measured during CPET (watt) were independent factors for predicting 

RME after adjusting for age, LVGLS and 6MWT.  

 

To describe the profile of patients with reduced LAEF, we divided the cohort into two groups 

according to the mean value of LAEF and found that patients with reduced LAEF have reduced 

exercise capacity measured as peak VO2 and elevated VE/VCO2, as well as reduced muscle 

function measured as peak torque and muscle endurance of legs both in flexion and extension. 

Similar results were shown by dividing the cohort according to the mean value of LAS. In other 

words, we showed for the first time a relationship between central and peripheral limitations of 

exercise capacity in patients with HF both with HFpEF and HFrEF. Neither LVGLS nor LAVI 

were as sensitive and did not show any relation to muscle endurance. Peak torque of the left leg 

in patients with HFpEF was inversely associated with E/LAS. The elevated novel LA filling 

index (E/LAS ratio) was recently shown to be an effective and useful parameter to determine 

the elevated LV filling pressure in patients with HFpEF [25]. Accordingly, our findings show 

that HFpEF patients with elevated LV filling pressure (elevated E/LAS ratio) correlated with 

reduced muscle strength of legs. 

Patients with HF suffer mainly from dyspnea and reduced exercise capacity measured in the 

CPET as reduced peak VO2 [67, 149, 150]. The pathophysiology beyond dyspnea and exercise 

intolerance in patients with HF is multifactorial and includes both central (cardiac) and 

peripheral (skeletal muscle) factors [59, 151, 152]. A link between cardiac and muscular 

function contributing to the reduced peak VO2 in HF, as a result to the systemic involvement 

of HF, is expected. In other words, we hypothesized that central novel parameters (LAEF, LAS) 

are capable to detect the peripheral limiting factors (reduced skeletal muscle function). 

The role of peripheral factors such as skeletal muscle mass and function in explaining the 

reduced exercise capacity in patients with HF have been shown in several studies [59, 64, 65].  

 

Centrally, elevated filling pressure of the left ventricle was suggested as an important 

mechanism in explaining dyspnea and reduced exercise capacity [67, 151]. LAS is a surrogate 

of elevated left ventricular filling pressure and an indicator of cardiovascular performance 
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through regulating pulmonary venous return and LV filling [71, 153]. Recent studies and 

guidelines have defined the normal values of LAEF (>48%) and LAS (>26%) [69, 154].  

Additionally, recent studies showed a link between LA function measured by 2D-STE and 

reduced exercise capacity with CPET [72, 74, 155]. The latest relationship could be explained 

by the anatomical location and function of the LA. The LA functions as a reservoir during 

systole, conduit during early diastole and a blood pump in the late diastole [156]. The harmony 

of all these three phases is very important to keep the atrioventricular coupling intact during 

exercise and therefore maintaining the best possible cardiac output and exercise capacity. One 

of the adaptative mechanisms of the LA to maintain the atrioventricular coupling is to increase 

LA volume through LA dilation and keeping as a result the LV filing pressure optimally as low 

as possible [157], which leads finally to increase LA volume and reduce LA function. HF-

guidelines recommend the evaluation of LAVI [158]. However, the relationship between LA 

function using 2D-STE and exercise capacity (peak VO2) is stronger than LAVI [74]. 

Furthermore, LA dysfunction was documented in patients with hypertension or diabetes even 

with normal LA size [159]. Recently, LA function has also been shown to be an independent 

predictor for HF-hospitalization [160]. Frydas et al. found recently in an analysis in 300 

patients with HF that LAS is more sensitive than LAVI in detecting LA impairment in HF and 

that LAS is superior to LAEF, LAVI, or E/e′ in predicting the presence elevated LV filling 

pressures. Furthermore, the diagnostic value of LAS was independent from LVEF [161].  

In spite of the strong correlation shown in our results between LVGLS and LAS/LAEF, LVGLS 

failed to predict the reduced exercise capacity measured evaluated both as peak VO2 or as RME. 

Lundberg et al. found in a simultaneous echocardiography and invasive hemodynamic 

measurements that LAS correlates with pulmonary capillary wedge pressure (PCWP) but not 

LVGLS [162]. This all emphasizes the importance of using LAS/LAEF and not LAVI or 

LVGLS in evaluating LA-function and left ventricular filling pressure. This was explained by 

the fact that LAS quantifies mechanical events at the LA level associated with PCWP, as 

opposed to LVGLS, which might better reflect left ventricular end diastolic pressure. 

Furthermore, previous experimental studies have shown distinct cellular responses with more 

pronounced pro-fibrotic changes detected in the LA as compared to the LV wall [163], that 

supports the diagnostic importance of LAS/LAEF independent of the LVGLS.  

 

 

Another related comorbidity of HF is cachexia, which was already defined above. In our 

publication “Intestinal congestion and right ventricular dysfunction: a link with appetite 
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loss, inflammation, and cachexia in chronic heart failure”, we found that cardiac cachexia 

is associated with intestinal congestion in stable systolic HF patients, even after adjusting for 

other covariates involved in wasting. This corresponded with elevated right atrial pressure due 

to systolic RV dysfunction, both found in the majority of cachectic patients, indicating a 

hemodynamic link between congestive RV dysfunction and intestinal edema. Larger BWT 

correlated with abdominal discomfort, appetite loss, postprandial fullness, and inflammation, 

which were also found to be highly prevalent in cachectic patients and might mechanistically 

explain the association between intestinal congestion and cachexia. These findings are 

important, as the results from treatment trials in patients with cardiac cachexia have been 

discouraging so far, thus questioning our understanding of this complex comorbidity.  

In the current study, cachexia was stronger linked to elevated RAP than isolated RV 

dysfunction, suggesting an interaction between venous congestion (such as in HF) and wasting. 

Of note, not all patients with RV dysfunction had a concomitant increase in RAP. These patients 

were considerably less likely to be cachectic or to lose weight during the follow-up compared 

with those with elevated RAP. On the other hand, a subset of patients with a formally normal 

RV function had elevated RAP and was more likely to have cachexia. Thus, it appears that 

elevated RAP is a more reliable parameter for stratifying patients with advanced HF regarding 

the risk for cachexia than systolic RV function, not to mention LV function alone. However, 

patients with reduced RV function and elevated RAP had the highest prevalence of cachexia, 

highlighting the hemodynamic dependence between RV and RA pressures. This pressure 

overload is further transmitted to the venous system resulting in splanchnic congestion and, in 

some cases, consecutive intestinal edema. This explains our finding of larger BWT in patients 

with elevated RAP but the absence of the former in patients with normal RAP. 

Splanchnic congestion was a typical finding in cachectic patients as shown by larger BWT and 

higher truncal water content compared with non-cachectic patients. Larger BWT was associated 

with appetite loss, postprandial fullness, and inflammation. These abnormalities, along with 

malabsorption, which may also result from venous congestion of the bowel wall, have pro-

catabolic effects and offer a mechanistically plausible explanation for the observed association 

between intestinal congestion and cachexia. In our study, more than two-thirds of cachectic 

patients suffered from appetite loss and postprandial fullness. These two factors were related to 

intestinal congestion and can further worsen reduced food intake that was shown in general HF 

population accelerating cachexia [164]. A second mechanism, by which intestinal congestion 

may contribute to the development of cardiac cachexia, is via lipopolysaccharide-induced 

production of pro-inflammatory cytokines [165]. The translocation of lipopolysaccharide into 
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the systemic circulation seems to be abetted during edematous decompensation [166], possibly 

as a consequence of acute intestinal congestion. 

Extending this finding, we suggest that chronic intestinal congestion, such as the one found in 

cardiac cachexia in HF-patients, may cause a persistent lipopolysaccharide translocation even 

in stable patients. Our finding of higher serum levels of hsCRP in cachectic patients, which 

correlated with larger BWT, supports this view. 

 

As mentioned above cachexia as comorbidity of HF is associated with anorexia. We assessed 

in a further study the determinants of anorexia in patients with HF and aimed to further elucidate 

the association between anorexia, functional capacity, and outcomes in affected patients. 

“Anorexia, functional capacity, and clinical outcome in patients with chronic heart 

failure”. We found that more than one-third of clinically stable ambulatory patients with HF 

reported any anorexia. Using multivariable regression analysis, we identified an increased level 

of inflammation, loop diuretic use, and the presence of cachexia as major determinants of 

anorexia in patients with HF. Our findings demonstrate that patients with anorexia are more 

likely to present with impaired functional capacity and higher all-cause mortality within 2 years. 

Moreover, cachexia showed additive effects of worsening functional capacity and poor 

outcomes in patients with HF and anorexia.  

Previous studies have shown that anorexia is not an unavoidable consequence of chronic 

disease, and it often promotes its development through various mechanisms [167]. 

In our study, cachexia was more frequently detected in patients with anorexia (36.8%) 

compared with those without (18.2%), and cachexia remained an independent predictor of 

anorexia in our cohort. The complex clinical nature of HF-induced anorexia or HF-induced 

cachexia suggested a multifactorial etiology. In addition to cachexia, inflammation, medication 

side effects, depression, anxiety, sodium restricted diets, and chewing problem may also be 

found as cause of anorexia [168]. 

Anorexia–cachexia syndrome is often associated with the underlying disease process and 

related to both peripheral and central neurohormonal signals regulating both appetite and 

energy expenditure. Moreover, cachexia was related to intestinal congestion and can further 

worsen anorexia and impaired food intake in patients with HF [164].  

 

An increase in circulating inflammatory cytokines including CRP, which is the most frequently 

measured inflammatory marker is one of the pathogenic mechanisms of anorexia and food 

intake in chronic disease [81]. One of the targets of inflammatory mediators is the central 
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nervous system, particularly on regulatory feeding centers in the hypothalamus sited in the 

ventral diencephalon. Recently, several studies explained the mechanisms by which 

inflammation reaches the hypothalamus and the neural substrates underlying inflammatory 

anorexia [169]. Additionally, pro-inflammatory cytokines persistently activate pro-

opiomelanocortin neurons and inhibit neuropeptide Y neurons, and both are involved in the 

alteration of satiety and hunger signals (the clinical signs of cachexia and anorexia) [170].  

Conventional HF-Therapy such as angiotensin converting enzyme inhibitors reduces the risk 

of weight loss [171]. One of the most important issues for managing anorexia is to maintain 

optimal HF treatment. On the other hand, several HF-treatments could contribute to inadequate 

food intake, especially overzealous diuretic use, which can cause anorexia in animal 

experiments [172]. 

For instance, the use of loop diuretics is associated with up-regulation of the activity of the 

renin–angiotensin–aldosterone system [173], and higher doses of diuretics are associated with 

poor outcomes in patients  with HF. Angiotensin II, the primary contributor of renin–

angiotensin–aldosterone system, causes anorexia and reduces food intake in rodents [174]. 

Our findings show declined functional capacity including SPPB score, distance of 6 MWT, and 

peak VO2 in patients with HF and anorexia. This is in line with previous research results [175, 

176].  

The frequency of anorexia symptoms is associated with the presence of sarcopenia in our 

patients. In addition, cachexia showed an additive effect in worsening functional capacity in 

patients with HF and anorexia. Therefore, it is crucial to detect the presence of anorexia and 

cachexia to reduce comorbidities and to preserve functional capacity in patients with HF. 

Another important finding of our study is the association between anorexia and increased 

mortality. Older nursing home residents with anorexia had a higher risk of death for all-causes 

compared with non-anorexic participants [168]. In chronic renal failure, mortality risk in 

anorexic patients was 4 to 5 times that of those without anorexia [177].  

However, there are few reports pointing out the association between anorexia and clinical 

outcome in patients with HF. 

 

 

We will focus on the following page on a further relevant comorbidity of HF, namely anemia 

and iron deficiency and its relation to muscle function and exercise capacity.  

ID may attribute to the explanation of exercise intolerance in patients with HFrEF [39]. 

However, no data were available about patients with HFpEF at the time of our publication. In 
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the article “Iron deficiency in patients with heart failure with preserved ejection fraction 

and its association with reduced exercise capacity, muscle strength and quality of life”, we 

described for the first time in a multicenter European study the prevalence of ID in patients 

with HFpEF (LVEF≥50%). 

We found that about 60% of the whole cohort had ID. ID was more prevalent (87%) in patients 

with more severe diastolic dysfunction (E/e′ ≥ 15). Patients with ID performed worse during 

the 6MWT and had worse exercise time in the CPET. 

Exercise intolerance in HFpEF patients might be related to anemia, insufficient oxygen supply 

or impaired oxygen use by the skeletal muscle during exercise [178, 179]. Iron plays a key role 

in oxygen uptake, transport, and storage, as well as oxidative metabolism in the skeletal muscle; 

furthermore, it is also involved in erythropoiesis [90]. It is known that absorption of iron in 

cases of inflammatory disorders is reduced due to intestinal edema and other factors [180, 181]. 

Moreover, iron can accumulate inside reticuloendothelial stores, which reduces the availability 

of iron for target tissues and stores despite adequate iron stores in the body, a phenomenon 

known as functional iron deficiency [182]. Furthermore, diastolic dysfunction has been shown 

to be associated with reduced cardiac energetic reserve [183]. Here, iron plays also an essential 

role in oxygen metabolism and cellular energetics. This is of special importance in the diastolic 

phase of the cardiac cycle including LV relaxation and filling due to the crucial role of sufficient 

cellular energetic supply through adenosine triphosphate (ATP) in the physiology of this phase. 

Therefore, ID may lead to an impairment of LV diastolic function and cardiac performance as 

well as reduced exercise capacity through impaired energetic balance and abnormal oxidative 

mitochondrial function [92]. As a result, the maintenance of normal iron metabolism and iron 

storage appears important for the maintenance of cardiac function and physiology [184]. 

The treatment of ID in patients with HF and an LVEF <45% and ID in the FAIR-HF trial 

showed an improvement in 6-MWT distance and QoL after 24 weeks [39]. In the CONFIRM-

HF study, this therapy reduced the hospitalization rate after 52 weeks, a result confirmed in a 

recent meta-analysis [185]. The FAIR-HFpEF trial is enrolling currently patients with HFpEF 

and ID for the substitution of intravenous iron (NCT03074591). Just like in the FAIR-HF and 

the CONFIRM-HF trials, the primary outcome of this study is exercise capacity after 

intravenous iron administration in patients with HFpEF. 

 

Other forgotten comorbidities of HF are psychological and mental disorders such as depression 

and anxiety, which are as mentioned earlier, common in both HFpEF and HFrEF [99, 100] and 
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have been proved to be independently associated with higher mortality and readmission rates 

[98, 101].  

 

We investigated in the following paper “Psychosocial factors, mental health, and 

coordination capacity in patients with HFpEF compared to HFrEF” the prevalence of 

depression and anxiety in stable outpatients with HFpEF and HFrEF and its relation to muscle 

strength and coordination capacity. We found for the first time to our knowledge a profound 

reduction in QoL in patients with HFpEF assessed by mental health and vitality as estimated in 

the SF-36 questionnaire and increased anxiety and depression scores in the HADS 

questionnaire compared to those with HFrEF and non-HF controls. Both HFpEF and HFrEF 

showed reduced coordination capacities compared to non-HF controls. Elevated levels of 

inflammatory biomarkers were associated with reduced QoL and impaired coordination 

capacity. In a logistic regression the presence of at least borderline depression (≥8 points in the 

HADS-questionnaire) remained an independent factor for predicting reduced coordination 

capacity in the dynamic balance tests after adjusting for peak VO2, GDF-15, 10-meter walk 

test, physical component score of the SF-36 questionnaire, and peak torque of the right leg in 

extension. 

Muscle strength and the balance between knee concentric and eccentric movements as well as 

the speed of developing peak torque are important factors to stabilize the gait and prevent 

against falls especially in elderly [186-190]. Furthermore, the muscular activation pattern 

during concentric and eccentric isokinetic movements seems to be different with a higher 

frequency of motor units during the eccentric muscle performance [191]. This emphasizes the 

importance of eccentric movements of the knee in creating higher strength and as a result of 

more gait balance. Our findings are supportive in this regard. We found that coordination 

capacity and peak torque of knee in eccentric extension and after adjusting to sex were 

significantly lower in patients with HFpEF and HFrEF than in non-HF controls. In addition, 

there was a correlation between muscle strength especially in eccentric movements of the knee 

and balance dynamic tests. This all makes patients with HF more susceptible to falls and to the 

following health-related, social, and economic consequences and emphasizes the importance of 

normal muscle function in stabilizing gait performance and improving coordination capacity, 

and QoL.  

In conclusion, clinically stable outpatients with HFpEF have worse QoL and elevated 

prevalence of anxiety and depression compared to those with HFrEF and non-HF controls. 
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Depression was associated with reduced QoL and is an independent predictor for reduced 

coordination capacity. 

 

Liver disorders as a comorbidity of HF is another example of an underestimated and rarely 

investigated comorbidity.  

We aimed in our article “Association of liver fibrosis risk scores with clinical outcomes in 

patients with heart failure with preserved ejection fraction” to address these gaps in 

knowledge by describing the prevalence of liver fibrosis, as assessed using surrogate 

biomarkers, and the association of such biomarkers in predicting clinical outcomes in patients 

with HFpEF from the TOPCAT trial. 

We found in a large contemporary HFpEF cohort with NAFLD risk factors including obesity 

and diabetes a high prevalence (ranging 8-38%) of risk for advanced liver fibrosis as measured 

by scoring systems. This finding underscores the importance of considering NAFLD, which 

may be masquerading as congestive hepatopathy, in HFpEF patients with mild-moderate 

elevations in AST/ALT. 

Neither the NFS nor the FIB4 score correlated with the combined cardiovascular outcome 

measure after adjustment for potential confounders. However, a high FIB4 score remained 

significantly associated with hospitalization for HF, even after multivariable adjustment. 

Further, unadjusted models did demonstrate significant associations, suggesting some overlap 

between liver disease and comorbidities regarding their effect on outcomes. For instance, 

obesity (included in NFS, and not in FIB4) appears to be a critical link in the pathologic process 

of myocardial remodelling in HF [113]. Additionally, the relationship between fibrosis score 

and outcomes may have been diluted by the heterogenous phenotypes in TOPCAT, some of 

which may not have been genuine HFpEF including a group of younger patients with milder 

symptoms and markers of lung disease, although some of these patients were enrolled in Eastern 

Europe and were excluded from this analysis [192]. Of note, liver disease was not captured as 

a predefined variable at baseline in TOPCAT, and aspartate transaminase (AST) and alanine 

transaminase (ALT) >3x upper level of normal was an exclusion criterion for the trial. 

 

In conclusion, this study indicated that there may be a high prevalence of liver fibrosis in a 

large, contemporary HFpEF population along with a limited association between the risk for 

advanced liver fibrosis and clinical outcomes, mostly restricted to HF related events. Further 

research – namely, the inclusion of ‘gold standard’ liver disease instruments such as liver 

imaging and/or biopsy in HFpEF – is necessary to better understand the complex interplay 
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between chronic liver disease and HFpEF and determine whether there are any clear causal 

interactions.  

 

 

The last presented comorbidity of HF in this thesis is SDB. As mentioned earlier, SDB is very 

common in patients with HF and patients with cardiac disease in general such as atrial 

fibrillation or severe valve disorders. 

Our study” Heart failure and sleep-disordered breathing: Susceptibility to muscle wasting 

and preclinical congestion” was the first study that examined the differences in body 

composition in a cohort of patients with HF between those with and without SDB. We found 

significantly higher amounts of total body water (TBW), intra-cellular (ICW) and extra-cellular 

(ECW) in patients with SDB as a sign of preclinical congestion. Increased amounts of water 

were associated with an elevated AHI, reduced muscle strength, and exercise capacity as well 

as with an elevated basic metabolic rate. Altogether, patients with SDB showed worse cardiac 

function, reduced exercise capacity and muscle strength compared to those without SDB.  

SDB remains underdiagnosed and often unrecognized due to its chronic and insidious 

incidence[193]. Patients may report non-specific symptoms such as excessive daytime 

somnolence, poor sleep quality, recurrent arrhythmias, nocturnal angina, and refractory HF 

symptoms [194]. However, such symptoms may be missing in patients with HF or strongly 

overlap with the symptoms deemed specific for the HF syndrome itself. The main two types of 

SDB are OSA, which is the most common form and presents with fewer symptoms, and the 

CSA, which is more often associated with more advanced HF and atrial fibrillation. Cheyne-

Stokes respiration is typically seen in CSA. Both CSA and OSA are independent risk factors 

for ventricular arrhythmias, that requires cardioverter-defibrillator therapy [195]. 

In the present study, we used ambulatory nocturnal screening devices and rescored these tests 

visually to classify patients into no SDB, SDB with CSA, OSA or mixed SDB accordingly. We 

found similar prevalence rates of SDB like those described in other studies [114, 115, 196]. 

About 67% of the whole cohort had any form of SDB. Overall, about 42% had OSA and 22% 

CSA[115].  

 

It is known that the combination of HF and SDB leads to higher sympathetic nervous activity 

during wakefulness[197]. This will lead in turn to increase the metabolic rate and the 

catecholamine surge and may accelerate the progression of HF[198]. Another adverse effect of 
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increased sympathetic activation is provoking the catabolic cascade and the protein degradation 

in skeletal muscle that could eventually lead to skeletal muscle wasting (sarcopenia) and 

reduced muscle function [199]. We found that 17 of 111 patients presented with skeletal muscle 

wasting. Of these 11 (65%) patients had SDB vs. 6 patients (35%) without SDB. This was 

statistically not significant, which is likely a consequence of the small sample volume. Our 

previous results in both patients with HFpEF and HFrEF signified the clinical importance of 

muscle wasting showing its association with reduced exercise capacity, muscle strength and 

QoL [59, 64]. The prevalence of muscle wasting and its clinical significance in patients with 

HF and SDB need to be confirmed in further and larger studies. 

The pathophysiology and the relationship between HF and SDB, especially CSA, have been 

recently suggested in one of my previous publications [115]. It is known that patients with HF 

tend to hyperventilate [200]. This could be related to interstitial pulmonary congestion as a 

result of the fluid redistribution in the supine position and could also lead to the activation of 

pulmonary stretch receptors and to the stimulation of ventilation yielding relative hypocapnia 

[201]. Each episode of apnea and arousal results in hypoxia, norepinephrine release, and wide 

oscillations in carbon dioxide [202]. Hypoxia results in cardiac ischemia and elevated 

norepinephrine causes atrial and ventricular arrhythmias [203] and activates the renin–

angiotensin system resulting in sodium retention and neurohormonal activation [198]. 

Neurohormonal activation and ischemia further activate central and peripheral chemoreceptors 

and baroreceptors, both of which destabilize breathing and trigger CSA [204]. This causes 

additional pump stress leading to adverse myocardial remodeling and downward progression 

of HF [205] (Figure 15).  

By showing increased amounts of water in patients with SDB and HF, our results underscore 

an important preclinical finding. Indeed, there was no clinical difference regarding  
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Figure 15: Pathophysiology and the relationship between HF, CSA and arrhythmias. 
 

the signs of congestive HF such as elevated jugular vein pressure or ankle edema between 

patients with and without SDB. Since therapies for OSA [206] and CSA [207] are available and 

because of the high prevalence of this HF-comorbidity, an active screening program for SDB 

in patients with HF is highly recommended [115]. Such screening should also include BIA 

assessment or other similar techniques to detect preclinical congestion in patients with HF 

especially in those who additionally have further comorbidities such as SDB.  

Previous studies showed the lack of an association between central fat mass effect and OSA in 

elderly patients [208]. This finding was confirmed by our results. Other studies using BIA 

demonstrated a relationship between the severity of neck fluid volume of water and the severity 

of SDB. This could be explained by the physiology and pathophysiology of both HF and SDB 

[201, 209]. Overnight rostral fluid displacement from the legs could play a role in the 

development of OSA independent of body weight [210]. Therefore, screening for preclinical 

congestion in HF should be recommended, particularly in those with SDB or otherwise more 

advanced disease. Further non-invasive and invasive monitoring in patients with HF and SDB 

could be necessary. The TIM-HF2 suggested recently that a structured remote patient 

management intervention in patients with HF could reduce the percentage of days lost due to 

unplanned cardiovascular hospital admissions and all-cause mortality [211]. Invasive 

procedures like implantation of CardioMemsTM devices seem to be promising and could be 
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necessary for achieving a successful monitoring in this group of patients. In a single study, 

CardioMemsTM implantation resulted in an 80.4% reduction in HF admissions and a 69% 

reduction in all-cause admissions [212]. 

8. CONCLUSIONS AND FUTURE PERSPECTIVES 
 

 

HF is a major public health issue with steadily increasing incidence and prevalence. 

Hospitalization and mortality due to HF remains high in spite of advancements in the 

management of HF [213, 214]. In some epidemiological analyses patients with HF showed 5 

or more comorbidities. The risk of hospitalization is associated strongly with the number of 

comorbidities. Non-cardiovascular comorbidities are responsible for more than half of the 

hospitalizations and often lead to worse outcomes in patients with HF especially in those with 

HFpEF. Therefore, screening for comorbidities systematically in patients with HF is very 

important and could influence the outcome and the prognosis in patients with HF.  

 

While advances in medical and device therapies have improved morbidity and mortality in 

patients with HFrEF, no benefits have been demonstrated in patients with HFpEF except for 

the recently published trial (EMPEROR Preserved trial) [215-219]. A further proven therapy to 

improve exercise capacity, dyspnea, and QoL in patients with HFpEF is exercise training [220]. 

The main symptoms in patients with HF are dyspnea and exercise intolerance. Some studies 

showed that exercise intolerance can remain for several months after heart transplantation and 

achieving improvement of cardiac output [221]. Furthermore, exercise training improves 

exercise tolerance in patients with HF independent of improving cardiac function [77]. Both 

examples show that skeletal muscle function may play a central role in explaining the limited 

exercise capacity in patients with HF [222].  

I investigated in this cumulative thesis comorbidities of HF with the focus on wasting disorders, 

especially those related to skeletal muscle. The performed studies varied from basic science 

research to clinical research. The focus was not only on metabolic, mitochondrial and structure 

changes on molecular level, but also on clinically related questions such as exercise capacity, 

QoL and mortality related to some comorbidities of HF. Figure 16 represents a graphical 

summary of the investigated comorbidities of heart failure in this Habilitation thesis.  

 

 

 



52 

 

 
 

Figure 16: Graphical summary of the investigated comorbidities of heart failure in this 
Habilitation thesis. 
 

 

Since for the treatment of patients with HFpEF limited evidence exists in spite of the high 

prevalence and incidence of this syndrome, understanding changes taking place on the level of 

skeletal muscle becomes of special importance in this group of patients. Our findings showed 

increased levels of atrophy genes and proteins as well as reduced mitochondrial size in skeletal 

muscle in stable outpatients with HFpEF compared with HFrEF and HC. Additionally, the link 

between inflammation and reduced muscle endurance should support future research in 

switching the focus at least partially to peripheral factors aiming to develop new therapies for 

patients with HFpEF to improve exercise capacity and dyspnea, which are the main 

manifestations in HFpEF.  

 

A further supporting study to focus on skeletal muscle function and skeletal muscle wasting is 

the increased mortality in patients with skeletal muscle wasting and HF as shown above. 

 

Detecting RME could be challenging in routine clinical work, thus biomarkers could be very 

important in early detecting RME. We found in this regard that both Kyn and LAEF (LAS) are 

promising biomarkers in detecting RME. 
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Further manifestations of wasting disorders such as cachexia and anorexia have been proven to 

be very prevalent and highly clinically relevant in patients with HF as shown above. 

 

ID is a further example of common comorbidities especially in patients with HFpEF, that have 

not received enough interest yet. Our study was the first one to show the prevalence of ID in 

HFpEF patients and its relationship to exercise capacity and QoL. Studies are currently running 

to evaluate the effect of iron supplementation in patients with HFpEF on exercise capacity. 

 

SDB, anxiety, depression, and liver fibrosis are additional example of under-investigated 

comorbidities of HF. As shown in the above-discussed studies these are very relevant and 

common comorbidities and are associated with reduced exercise capacity and QoL. 

 

Therefore, increasing the awareness on HF-comorbidities and integrating related screening tests 

as part of the routine evaluations of patients with HF is essential. This will not only have impact 

on morbidity and mortality, exercise capacity and QoL of patients with HF but will also lead to 

reduce the health care costs arising from frequent hospitalizations and readmissions as a result 

of HF decompensations. 
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