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Introduction.

Diabetes is present in 30 -40% of patients with heart failure (HF) with reduced ejection fraction (HFrEF) [START_REF] Maack | Heart failure and diabetes: metabolic alterations and therapeutic interventions: a state-of-the-art review from the Translational Research Committee of the Heart Failure Association-European Society of Cardiology[END_REF][START_REF] Seferović | Type 2 diabetes mellitus and heart failure: a position statement from the Heart Failure Association of the European Society of Cardiology[END_REF][START_REF] Sharma | Trends in Noncardiovascular Comorbidities Among Patients Hospitalized for Heart Failure: Insights From the Get With The Guidelines-Heart Failure Registry[END_REF] and increases the risks of mortality and hospitalization for HF [START_REF] Kristensen | Risk Related to Pre-Diabetes Mellitus and Diabetes Mellitus in Heart Failure with Reduced Ejection Fraction: Insights from Prospective Comparison of ARNI with ACEI to Determine Impact on Global Mortality and Morbidity in Heart Failure Trial[END_REF][START_REF] Domanski | The effect of diabetes on outcomes of patients with advanced heart failure in the BEST trial[END_REF][START_REF] Macdonald | Impact of diabetes on outcomes in patients with low and preserved ejection fraction heart failure: An analysis of the Candesartan in Heart failure: Assessment of Reduction in Mortality and morbidity (CHARM) programme[END_REF]. Patients with DM have an increased risk of developing HF and patients with HF are at increased risk for developing DM [START_REF] Lee | Diabetic cardiomyopathy[END_REF][START_REF] Rosano | Heart Failure in Patients with Diabetes Mellitus[END_REF] and increases the risks of mortality and hospitalization for HF [START_REF] Kristensen | Risk Related to Pre-Diabetes Mellitus and Diabetes Mellitus in Heart Failure with Reduced Ejection Fraction: Insights from Prospective Comparison of ARNI with ACEI to Determine Impact on Global Mortality and Morbidity in Heart Failure Trial[END_REF][START_REF] Domanski | The effect of diabetes on outcomes of patients with advanced heart failure in the BEST trial[END_REF][START_REF] Macdonald | Impact of diabetes on outcomes in patients with low and preserved ejection fraction heart failure: An analysis of the Candesartan in Heart failure: Assessment of Reduction in Mortality and morbidity (CHARM) programme[END_REF].

Therefore, we need to better understand potential pathophysiological differences between HF patients with and without diabetes.

Network analyses can identify relevant pathophysiologic mechanisms by enriching empirically found biomarkers within the context of disease pathways [START_REF] Sharma | A network analysis to compare biomarker profiles in patients with and without diabetes mellitus in acute heart failure[END_REF][START_REF] Tromp | Identifying Pathophysiological Mechanisms in Heart Failure With Reduced Versus Preserved Ejection Fraction[END_REF][START_REF] Tromp | Biomarker profiles in heart failure patients with preserved and reduced ejection fraction[END_REF][START_REF] Tromp | Biomarker Profiles of Acute Heart Failure Patients With a Mid-Range Ejection Fraction[END_REF]. Therefore, we aimed to (1) compare the characteristics of the patients with and without DM, (2) use network analyses to compare biomarker profiles and associated pathways in patients with DM compared to those without DM, which might offer new avenues for potential therapeutic targets.

Methods.

Patient population.

We studied patients from the BIOSTAT-CHF project, which is described elsewhere [START_REF] Voors | A systems BIOlogy Study to TAilored Treatment in Chronic Heart Failure: rationale, design, and baseline characteristics of BIOSTAT-CHF[END_REF][START_REF] Ouwerkerk | Determinants and clinical outcome of uptitration of ACE-inhibitor and beta-blocker in patients with heart failure: a prospective European study[END_REF]. In brief, BIOSTAT-CHF includes two cohorts of patients with HF. The main aim of BIOSTAT-CHF was to characterize biological pathways related to response/no-response to guidelinerecommended pharmacological therapy for heart failure. Our index cohort consisted of 2516 patients with HF from 69 centers in 11 European countries. Inclusion criteria for the index cohort include: patients with >18 years of age, having symptoms of new-onset or worsening HF, confirmed either by a LVEF of ≤40% or BNP and/or NT-proBNP plasma levels >400 pg/ml or >2,000 pg/ml, respectively. All patients were sub-optimally treated with ACEi/ARBs and/or beta-blockers, and anticipated initiation or uptitration of ACEi/ARBs and beta-blockers to ESC recommended target doses. Patients in both the index and validation cohort could be enrolled as in-patients or from out-patient clinics [START_REF] Voors | A systems BIOlogy Study to TAilored Treatment in Chronic Heart Failure: rationale, design, and baseline characteristics of BIOSTAT-CHF[END_REF]. Biomarkers were available in 1572 patients with LVEF <40% of the index cohort (supplementary figure 1) [START_REF] Tromp | Novel endotypes in heart failure: Effects on guideline-directed medical therapy[END_REF]. We validated our results in an independent cohort of 1738 patients from 6 centers in Scotland, UK. In total, 729 patients had an LVEF <40% and biomarker data available. Diabetes was defined as having a medical history of diabetes and/or being on anti-diabetic medication.

Clinical and biomarker measurements.

Medical history, current use of medication and a physical examination were all recorded at baseline. A large biomarker panel with 92 biomarkers was measured in the index and validation cohort. An overview of biomarkers and their pathophysiological function are presented in supplementary table 1. Assay characteristics are presented in supplementary table 2. Biomarkers were measured using a high-throughput technique using the Olink Proseek® Multiplex CVD III 96x96 kit, which measures 92 manually-selected cardiovascular-related proteins simultaneously in 1μl plasma samples. The kit uses a proximity extension assay (PEA) technology, where 92 oligonucleotide-labeled antibody probe pairs are allowed to bind to their respective target present in the sample. PEA is a homogeneous assay that uses pairs of antibodies equipped with DNA reporter molecules. When binding to their correct targets, they give rise to new DNA amplicons each ID-barcoding their respective antigens. The amplicons are subsequently quantified using a Fluidigm BioMark™ HD real-time PCR platform. The platform provides normalized protein expression (NPX) data wherein a high protein value corresponds to a high protein concentration, but not an absolute quantification.

Role of funding source

The source of funding did not influence the study design or collection of the data nor the analyses or interpretation of the data or writing of the manuscript.

Statistical analysis.

Differences between clinical characteristics of patients with and without diabetes were tested using Student's t-test, the Mann-Whitney-U test or the chi-square-test where appropriate.

Differences in expression of biomarkers between patients with and without diabetes was performed using the Linear Models for Microarray data analysis (Limma; software (version 3.34.9)( 16) with a false discovery rate of 0.05 according to the Benjamini-Hochberg method and a log2 fold change cutoff of 0.2. In addition, to test independence of associations, we performed multivariable logistic regression analyses to test the independent association of biomarker with diabetes status, correcting for relevant clinical confounders including age, sex, body mass index (BMI), ischemic etiology of HF ,history of hypertension and eGFR. Similarly, for both the index and validation cohort, biomarkers that passed the cut-off values for the FDR corrected p-value and log2 fold change cutoff were then used in subsequent network analyses. To provide biological context to the proteins found, we created a general network of human physical PPI, 'HsapiensPPI', consisting of 17,625 unique nodes with 330,157 interactions between them based on data from BIND [START_REF] Bader | BIND: the Biomolecular Interaction Network Database[END_REF], BIOGRID [START_REF] Stark | BioGRID: a general repository for interaction datasets[END_REF], DIP [START_REF] Xenarios | DIP: the database of interacting proteins[END_REF], HPRD [START_REF] Peri | Development of Human Protein Reference Database as an Initial Platform for Approaching Systems Biology in Humans[END_REF], INTACT [START_REF] Kerrien | The IntAct molecular interaction database in 2012[END_REF] and pdzBase [START_REF] Beuming | PDZBase: a protein-protein interaction database for PDZ-domains[END_REF] (see supplementary methods). Context-specific networks were constructed by selecting nodes and interactions that occur only between members from the protein list being investigated (N0networks, colored as orange) and/or by selecting nodes that indirectly interact, one-neighboraway, with members of the list (N1-networks, colored as blue). Physical cohesiveness of context-specific networks were assigned using the Physical Interaction Enrichment(PIE) procedure that corrects for biased enrichment, in general PPI networks, of proteins that are, e.g., often studied [START_REF] Sama | Measuring the physical cohesiveness of proteins using physical interaction enrichment[END_REF]. Analysis of PPIs was performed and plotted using Cytoscape version 3.7.0 [START_REF] Shannon | Cytoscape: A Software Environment for Integrated Models of Biomolecular Interaction Networks[END_REF], where the node size corresponds to the betweenness centrality [START_REF] Tromp | Biomarker profiles in heart failure patients with preserved and reduced ejection fraction[END_REF][START_REF] Shannon | Cytoscape: A Software Environment for Integrated Models of Biomolecular Interaction Networks[END_REF]. A larger node size, the more connected the node is in the network. Pathway overrepresentation analyses was performed using EnrichR, using gene ontology (GO) terms [START_REF] Kuleshov | Enrichr: a comprehensive gene set enrichment analysis web server 2016 update[END_REF][START_REF] Chen | Enrichr: interactive and collaborative HTML5 gene list enrichment analysis tool[END_REF]. Survival analyses was performed using R version 3.5.1 using the Survival and Survminer packages [START_REF] Therneau | Package "survival[END_REF]. Cox regression analyses was used for multivariable survival analyses. Multivariable correction was performed using the BIOSTAT-CHF risk model, which includes age, blood urea nitrogen (BUN), Nterminal pro-B-type natriuretic peptide (NT-proBNP), hemoglobin (Hb), the use of a betablocker at time of inclusion, HF-hospitalization in year before inclusion, peripheral edema, systolic blood pressure, high-density lipoprotein cholesterol and sodium. All tests were performed two-sided and a p-value of smaller than 0.05 was considered statistically significant.

Results.

Baseline characteristics and clinical outcome

Among 1572 patients with HFrEF, 493 (31%) had diabetes. Patients with diabetes were slightly older (69 vs, 67 years, P= 0.002), had a higher BMI (29 vs. 27 kg/m 2 , P <0.001) and had worse signs and symptoms of HF in comparison to patients without diabetes (Table 1). Furthermore, patients with diabetes more often had a history of hypertension (72% vs. 53%, P <0.001) compared to patients without diabetes. Among patients with diabetes, 322 (65%), 183 (37%) and 345 (70%) were on oral anti-diabetic medication, insulin or diet controlled respectively. Furthermore, patients with diabetes had worse eGFR (lower), but similar NT-proBNP levels compared to patients without diabetes (Table 1). Patients in the index cohort, were slightly younger and more often in NYHA class III/IV compared to the validation cohort, but had a similar prevalence of comorbidities as well as signs and symptoms (supplementary table 3).

Differential protein expression, network and pathway enrichment analyses

In the index cohort, 10 proteins were significantly upregulated and 1 protein was significantly downregulated in patients with diabetes compared to patients without diabetes (Figure 1A &B).

In the validation cohort, 13 proteins were significantly upregulated and 3 proteins were significantly downregulated in patients with diabetes compared to patients without diabetes (Figure 1B). In both cohorts, 8 proteins were significantly upregulated. These include Chitinase-3-like protein 1 (CHI3L1), fatty-acid binding protein 4 (FABP4), galectin-4 (GAL4), trefoil factor 3 (TFF3), tumor necrosis factor receptor 1 and 2 (TNFR1 and TNFR2), TNFR super family 14 (TNFRSF14) and growth differentiation factor 15 (GDF15). Paraoxonase 3 (PON3) was downregulated in both cohorts. After additional correction for age, sex, BMI, an ischemic etiology of HF, history of hypertension and eGFR, biomarkers remained differentially expressed in patients with diabetes compared to those without (P for all <0.05). When investigating the association of these biomarkers with diabetic medication (oral vs insulin), levels of TNFR2 (OR: 0.76; 95%CI 0.59-0.99) and TNFRSF14 (OR 0.75; 95%CI 0.56-0.98) were slightly lower in patients on oral medication compared to those not on oral medication after correcting for age, sex, BMI, ischemic etiology of HF, history of hypertension, and being on insulins or diet controlled.

Results of network analyses are shown in figure 2A. The size of the nodes reflects the number of shortest paths running through the node (edge-betweenness), the larger the node, the higher the number of shortest paths run through the node within the network. In other words, a larger node reflects a greater connectedness within the network. The color of the node relates to either empirically found proteins (orange) or propagated nodes in the N1 network (blue). In the index cohort, epidermal growth factor receptor (EGFR), galectin 3 (GAL3) and granulin (GRN) were important nodes (hubs) in the network of diabetics (Figure 2A). A summary of the proteins measured and their respective functions can be found in supplementary table 1.

We then performed functional classification of our N1 networks (Figure 2A) by contrasting the networks against gene ontology terms. The top 10 enriched pathways implicated several key pathways involved in the pathophysiology of HF. Pathways relating to positive regulation of intracellular transduction as well as inflammatory response, neutrophil degranulation and neutrophil mediated immunity were overrepresented (figure 2B).

Clinical outcomes

Compared to patients without diabetes, patients with diabetes were more likely to die or get hospitalized for HF within 2 years (hazard ratio [HR] 1.32; 95%CI 1.06-1.66, survival curve as shown in Supplementary figure 2). A similar increase in risk for death and/or heart failure hospitalization was found in the validation cohort (HR:1.63; 95%CI 1.28-2.08, p<0.0001).

Among patients who died, patients with DM died equally of CV causes compared to those without DM in both the index (68% vs 68%, P = 0.987) and validation cohort (68% vs 65%, P = 0.77). After correction for the BIOSTAT risk model, patients with diabetes were at higher risk for the primary composite outcome in the index cohort (HR 1.20; 95%CI 1.01-1.42). However, this association was attenuated in the validation cohort (HR 0.92; 95%CI 0.42-1.97). Additional correction for ischemic etiology of HF attenuated the association in the index cohort (HR 1.15; 95%CI 0.96-1.36). Of the 10 differentially expression biomarkers, only GDF15 was independently associated with the primary combined outcome after correction for the BIOSTAT-CHF risk model (supplementary table 4). Correcting for GDF15 on top of the clinical risk model, attenuated the association of DM with higher rates of the composite primary outcome (P = 0.07).

Discussion.

This is the first study using comprehensive network analyses to distinguish pathophysiological pathways in HF patients with and without diabetes. In two independent cohorts we found that patients with diabetes had higher levels of galectin-4, GDF15 and FABP4 and lower levels of PON3. Furthermore, network analyses showed that EGFR, galectin-3 and granulin are important hubs in HF patients with diabetes. Lastly, we found that specific pathophysiologic processes in diabetes are associated with inflammation and neutrophil degranulation.

In a previous study, network analyses was used to compare biomarker profiles between patients with HFrEF and HFpEF [START_REF] Tromp | Age-Related Characteristics and Outcomes of Patients With Heart Failure With Preserved Ejection Fraction[END_REF], where patients with HFpEF had increased inflammation to those with HFrEF. In the present study, patients with diabetes and HFrEF have an upregulation of inflammatory pathways, suggesting that inflammation might also play an important role in patients with HFrEF and diabetes. In the BIOSTAT-CHF study, patients with diabetes and HFrEF were more likely to die or get hospitalized for HF within the first 2 years compared to patients with HFrEF without diabetes. These findings are in line with earlier results from the CHARM-study, which reported similar results [START_REF] Macdonald | Impact of diabetes on outcomes in patients with low and preserved ejection fraction heart failure: An analysis of the Candesartan in Heart failure: Assessment of Reduction in Mortality and morbidity (CHARM) programme[END_REF].

A better understanding of the pathophysiology of diabetes in HFrEF is a prerequisite for identifying novel treatment targets and effectively treating diabetes in patients with HFrEF. In the first step of our analyses, we compared biomarker levels between patients with and without diabetes. Our study found that GDF15, galectin-4 and FABP4 were considerably higher in patients with diabetes, while levels of PON3 were lower. Of note, none of the biomarkers identified as hubs within the present study identified patient endotype membership in our previous publication [START_REF] Tromp | Novel endotypes in heart failure: Effects on guideline-directed medical therapy[END_REF], which is also in line with the observation that the prevalence of diabetes did not strongly differ between endotypes. Furthermore, levels of GDF15 are increased in HFrEF and might predict new onset HF in patients with diabetes [START_REF] Tromp | Identifying Pathophysiological Mechanisms in Heart Failure With Reduced Versus Preserved Ejection Fraction[END_REF][START_REF] Sharma | Utility of Growth Differentiation Factor-15, A Marker of Oxidative Stress and Inflammation, in Chronic Heart Failure: Insights From the HF-ACTION Study[END_REF][START_REF] Dominguez-Rodriguez | Usefulness of Growth Differentiation Factor-15 Levels to Predict Diabetic Cardiomyopathy in Asymptomatic Patients With Type 2 Diabetes Mellitus[END_REF][START_REF] Xu | GDF15/MIC-1 functions as a protective and antihypertrophic factor released from the myocardium in association with SMAD protein activation[END_REF]. Galectin-4 is involved in inflammation, but no data is available on the role of galectin-4 in patients with concomitant diabetes and HF [START_REF] Cao | The role of galectin-4 in physiology and diseases[END_REF]. FABP4 independently predicts left ventricular hypertrophy and dysfunction as well as incident HF in non-diabetic populations [START_REF] Rodríguez-Calvo | Role of the fatty acid-binding protein 4 in heart failure and cardiovascular disease[END_REF][START_REF] Engeli | Fatty acid binding protein 4 predicts left ventricular mass and longitudinal function in overweight and obese women[END_REF]. PON3 is potentially cardioprotective and attenuates atherogenesis in mice [START_REF] Shih | Decreased Obesity and Atherosclerosis in Human Paraoxonase 3 Transgenic Mice[END_REF]. There is evidence that paraoxonases prevent the development of HF and has anti-inflammatory properties, but is often reduced in the presence of atherosclerosis.

To provide biological context, we performed network analyses using biomarkers that were differentially expressed between patients with and without diabetes to identify proteinprotein interactions in patients with diabetes compared to those without. An earlier study in patients with acute HF from the PROTECT trial, found that among patients with DM, levels of inflammatory markers (TNFR-1a, periostin) and angiogenesis (VEGFR, angiogenin) were significantly increased [START_REF] Sharma | A network analysis to compare biomarker profiles in patients with and without diabetes mellitus in acute heart failure[END_REF]. In addition, network analysis in this study suggested that inflammation and cardiac fibrosis are potentially increased in patients with DM [START_REF] Sharma | A network analysis to compare biomarker profiles in patients with and without diabetes mellitus in acute heart failure[END_REF]. The present studies extends on these previous findings by (1) providing more comprehensive analysis using more biomarkers in a larger number of patients and (2) providing independent validation of our findings. Network analyses revealed that EGFR and galectin-3 were important hubs. Galectin-3 is associated with both new onset diabetes as well as severity of HF [START_REF] Li | Hematopoietic-Derived Galectin-3 Causes Cellular and Systemic Insulin Resistance[END_REF][START_REF] Boer | Galectin-3: A modifiable risk factor in heart failure[END_REF]. In HF, galectin-3 is increased and associated with cardiac fibrosis, LV dysfunction and higher mortality [START_REF] Boer | Galectin-3: A modifiable risk factor in heart failure[END_REF]. EGFR is a transmembrane protein serving as a receptor for epidermal growth factor. Aberrant EGFR signaling is strongly implicated in diabetic nephropathy and HF in experimental studies [START_REF] Li | Inhibition of Epidermal Growth Factor Receptor Activation Is Associated With Improved Diabetic Nephropathy and Insulin Resistance in Type 2 Diabetes[END_REF][START_REF] Akhtar | Activation of EGFR/ERBB2 via Pathways Involving ERK1/2, P38 MAPK, AKT and FOXO Enhances Recovery of Diabetic Hearts from Ischemia-Reperfusion Injury Gallyas F, editor[END_REF].

EGFR inhibition with gefitinib had a protective effect on cardiac remodeling, decreased cardiac, decreased collagen deposition and improved levels of BNP and Troponin-I in a diabetic mouse model [START_REF] Shah | EGFR tyrosine kinase inhibition decreases cardiac remodeling and SERCA2a/NCX1 depletion in streptozotocin induced cardiomyopathy in C57/BL6 mice[END_REF]. In humans, EGFR-inhibitors such as Cetuximab, Panitumumab and Erlotinib are currently used to treat several forms of cancer including breast, colon, lung and pancreatic cancer [START_REF] Seshacharyulu | Targeting the EGFR signaling pathway in cancer therapy[END_REF]. Taken together, our results suggest that EGFR inhibition in patients with DM and HF might warrant further study.

In the following step of our analyses we used pathway enrichment analyses to identify biological pathways upregulated in patients with diabetes. We found that enriched biological pathways in patients with diabetes were associated with inflammatory response and neutrophil degranulation. This is in line with earlier suggestions by Paulus et al, where the authors suggested that this excess inflammation might be mediated by advanced glycation end products (AGEs) deposition [START_REF] Paulus | Distinct Myocardial Targets for Diabetes Therapy in Heart Failure With Preserved or Reduced Ejection Fraction[END_REF][START_REF] Van Heerebeek | Diastolic Stiffness of the Failing Diabetic Heart[END_REF][START_REF] Willemsen | The role of advanced glycation endproducts and their receptor on outcome in heart failure patients with preserved and reduced ejection fraction[END_REF][START_REF] Willemsen | Tissue advanced glycation end products are associated with diastolic function and aerobic exercise capacity in diabetic heart failure patients[END_REF][START_REF] Willemsen | Advanced glycation end-products, a pathophysiological pathway in the cardiorenal syndrome[END_REF]. Our results highlight the importance of pathways related to inflammation and EGFR in patients with HFrEF and diabetes, which might warrant future studies into patient specific drug programs involving these pathways.

Limitations.

BIOSTAT-CHF is primarily a Caucasian cohort and extrapolation of results to other ethnicities is unclear. Despite rigorous attempts to identify all patients with diabetes, the diagnosis might have been missed in some patients. However, the fact that no non-diabetic patients were on antidiabetic medications (and even not on diet), makes this unlikely. HbA1c was only available in a limited number of patients. Lastly, no information is available on duration of diabetes, which might have influenced results. Our biomarker panel of 92 proteins is limited. Future studies with a more comprehensive set of proteins or genes would likely provide more pathophysiological differences between diabetic versus non-diabetic HFrEF patients.

Conclusion.

In the present study we show that concomitant diabetes in patients with HFrEF is associated with distinct pathophysiological pathways, related to inflammation, protein phosphorylation and neutrophil degranulation. These data support the evaluation of anti-inflammatory therapeutic approaches, and epidermal growth factor receptor in particular, for patients with HFrEF and diabetes. 

Figure 1 :

 1 Figure 1: (A) Volcano plot depicting differentially expressed proteins at a log2 fold change of >0.2 and P-value <0.5 with a false discovery rate (FDR) of <0.05 in the Index cohort. A greater log2 of the fold change and -log10 of the p-value signifies a greater increase of the mean levels or a more significant difference respectively of each individual biomarker (B) Venn diagram showing the overlap of proteins up and down regulated in patients with HF and diabetes in the index and validation cohort of BIOSTAT-CHF.

Figure 2 /

 2 Figure 2/Central illustration: (A) Network of protein biomarkers in patients with diabetes. Orange nodes reflect experimentally found biomarkers. Blue nodes are propagated within the network. The size of the node corresponds to the edge-betweenness (B) overrepresented pathways of protein biomarkers in diabetes.

Finding

  Biomarker levels ↑ galectin-4, GDF-15 and FABP-4 ↓ PON-3 Network analyses Epidermal growth factor receptor (EGFR) and galectin-3 identified central hubs in the network, signifying possible biological importance Pathways ↑ Positive regulation of intracellular transduction ↑ Neutrophil degranulation ↑ Neutrophil mediated immunity ↑ Inflammatory response

  

Table 1 :

 1 baseline characteristics according to diabetic status.Abbreviations: eGFR, estimated glomerular filtration rate; NT-proBNP, N terminal pro-type natriuretic peptide;

		No diabetes	Diabetes	p-value
	N	1079	493	
	Demographics			
	Age (years)	66.7 (12.6)	68.8 (10.6)	0.002
	Women (%)	269 (24.9%)	103 (20.9%)	0.081
	BMI (kg/m2)	26.9 (4.9)	29.1 (5.8)	<0.001
	Ischemic etiology (%)	425 (40.2%)	293 (60.5%)	<0.001
	LVEF (%)	27.0 (21.0, 32.0)	30.0 (25.0, 35.0)	0.006
	NYHA			0.079
	I	94 (8.7%)	28 (5.7%)	0.073
	II	497 (46.1%)	250 (50.7%)	
	III	316 (29.3%)	134 (27.2%)	
	IV	32 (3.0%)	22 (4.5%)	
	NA	140 (13.0%)	59 (12.0%)	
	Systolic BP (mmHg)	122.3 (21.8)	124.2 (19.5)	0.096
	Diastolic BP (mmHg)	75.3 (12.9)	74.4 (11.7)	0.17
	Heart rate (BPM	80.6 (19.8)	78.8 (16.7)	0.072

Table 2 :

 2 summary of novel findings
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PERSPECTIVES

Competency in Medical Knowledge: Diabetes in patients with HF is associated with unique pathophysiological pathways related to inflammation, protein phosphorylation and neutrophil degranulation, supporting divergent drug development programs for these patients.

BIOSTAT-CHF was funded by the European Commission [FP7-242209-BIOSTAT-CHF; EudraCT 2010-020808-29]. Additional funding was provided by Roche diagnostics. Disclosures: AAV received consultancy fees and/or research grants from: Amgen, AstraZeneca, Bayer, Boehringer Ingelheim, Cytokinetics, Myokardia, Novartis, Roche Diagnostics, Servier. D.vV. reports board membership fees/travel expenses from BioControl, Cardiorentis, Johnson & Johnson, Novartis, Vifor, and Zoll Medical. K.D. has received honoraria and/Funding. This study was funded by the European Commission (FP7-242209-BIOSTAT-CHF; EudraCT 2010-020808-29), Roche diagnostics and AstraZeneca.

Translational Outlook: Epidermal growth factor receptor and pathways related to inflammation are possible important treatment targets in patients with HF and diabetes, which deserves further study.