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Background

The effects of sacubitril/valsartan (sac/val) on metabolic parameters and insulin resistance (IR) in non-obese/prediabetic patients have not been previously described.



Aim

To evaluate the effects of sac/val on glycemic and metabolic parameters, Homeostatic Model Assessment of IR (HOMA-IR), and echocardiographic parameters in prediabetic patients with heart failure with reduced ejection fraction (HFrEF).



Methods

Fifty-nine patients with HFrEF (EF < 35%) but without obesity and/or type 2 diabetes mellitus have been enrolled. All the patients at baseline and week 24 underwent complete anthropometrical evaluation and were subjected to an echocardiogram test. IR has been assessed by HOMA-IR.



Results

After 24-week of treatment with sac/val, a significant reduction in fasting plasma glucose (109 ± 9 vs 103 ± 8 mg/dl, p < 0.0001), fasting plasma insulin (16 ± 4 vs 10 ± 4 UI/L), and hemoglobin A1c (HbA1c) value (6% ± 0.5% vs 5.3% ± 0.3%, p < 0.0001) was observed. Similarly, we observed a significant improvement in IR (HOMA-IR, 4.4 ± 0.9 vs 2.5 ± 0.6, p < 0.0001). The echocardiogram evaluation showed a significant reduction of the left ventricular end-diastolic volume (168 ± 24 vs 158 ± 22 ml, p < 0.05), a significant reduction of the left ventricular end-systolic volume (111 ± 26 vs 98 ± 22 ml, p < 0.005), and a significant reduction of E/e′ ratio. Sac/val use was also associated with an average 5.1% increase in ejection fraction.



Conclusions

Our data seem to indicate that sal/val enhances metabolic control and improves insulin resistance also in prediabetic non-obese patients with HFrEF.
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Introduction

Heart failure (HF) affects at least 26 million people worldwide, and its prevalence is steadily increasing (1). Despite important achievements in pharmacological treatment, HF is still characterized by high morbidity and mortality. Even if beta-blockers (BBs) and renin–angiotensin–aldosterone system (RAAS) inhibitors represent the cornerstone of pharmacological therapy for HF with reduced ejection fraction (HFrEF), new therapeutic targets have been identified to improve clinical outcomes. Sacubitril/valsartan (sac/val) is an angiotensin receptor-neprilysin inhibitor (ARNI) approved in Italy in March 2017, which combines selective AT1-receptor blockade with reduced degradation of natriuretic peptides (NPs) exerting positive effects on the cardiovascular (CV) system (2). In the PARADIGM-HF clinical trial, it has been demonstrated that sac/val was able to reduce the composite endpoint of CV death or first hospitalization for HF by 20% and the relative risk of all-cause mortality by 16% in comparison with enalapril, after a median follow-up of 27 months, in HFrEF outpatients (3).

HF often occurs simultaneously with type 2 diabetes mellitus (T2DM), and each disease independently increases the risk for the other. Several studies demonstrated that individuals with T2DM have a greater risk for HF than those without the disease (4), and diabetes is considered to be an independent risk factor for the progression of HF with preserved or reduced ejection fraction and major comorbidity (5). Insulin resistance (IR) and metabolic alterations are present in patients with HF (6). T2DM can lead to the development of HF via systemic, myocardial, and cellular pathways (4). Hyperglycemia and hyperinsulinemia facilitate the process of atherosclerosis by promoting smooth vascular muscle cell proliferation and inducing inflammation (4). Patients with T2DM often develop diastolic or systolic dysfunction without other obvious causes of cardiomyopathy, a condition defined as diabetic cardiomyopathy, and IR directly promotes myocardial hypertrophy (4, 7). Furthermore, the prediabetic condition seems to be associated with a substantially increased risk of adverse outcomes in patients with HFrEF.

IR is also common in non-diabetic patients with HF and has been associated with adverse prognosis (8); however, the pathogenetic mechanisms that link IR to unfavorable clinical outcomes in non-diabetic HF patients are not completely understood. Nevertheless, several evidence suggests that in patients with HF, impaired insulin sensitivity is related to higher mortality, independently of body composition and other well-established risk factors, and might have implications for the pathophysiology of HF disease progression (8). Thus, therapeutically targeting impaired insulin sensitivity could potentially be beneficial in patients with HF. In the post-hoc analysis of the PARADIGM-HF clinical study, in patients with T2DM, a greater reduction of hemoglobin A1c (HbA1c) concentrations in patients treated with sac/val than in those taking enalapril has been demonstrated (9).

On the contrary, at present, there are no data on the effects of sac/val on IR, fasting plasma glucose, fasting plasma insulin, or other metabolic parameters in prediabetic non-obese patients with HF and reduced ejection fraction (EF < 35%).

In this study, we evaluated the effects of sac/val on IR, metabolic, and echocardiographic parameters in prediabetic non-obese patients with HF and reduced ejection fraction (EF < 35%).



Materials and methods

The study population consisted of consecutive outpatients referring to the Cardiology Unit, of the ‘Annunziata’ Hospital, Cosenza, Italy, and to the Internal Medicine Unit, of the University Hospital of Catanzaro, Italy. A total of 59 patients have been enrolled (38 men and 21 women, average age 64.5 ± 6.5 years). Eligibility criteria for the study were a diagnosis of HFrEF (EF < 35%), New York Heart Association (NYHA) II–III, persistence of symptoms despite an optimized treatment with stable doses of angiotensin-converting enzyme inhibitors (ACE-Is) or angiotensin receptor blockers (ARBs) for at least 4 weeks, absence of both, obesity (body mass index (BMI) ≥30 kg/m2), T2DM [fasting plasma glucose (FPG) ≥126 mg/dl (7.0 mmol/L), hemoglobin A1c (HbA1C) ≥6.5% (48.1 mmol/mol), or 2-h plasma glucose (2-h PG) value ≥200 mg/dl (11.1 mmol/L) during oral glucose tolerance test (OGTT), and current treatment with anti-diabetic drugs or self-reported history of a previous diagnosis) (10)], and age >18 years. The main exclusion criteria included any prior echocardiographic measurement of left ventricular ejection fraction (LVEF) >35%, recent acute coronary syndrome, acute decompensated HF at the time of screening, cardiac surgery or percutaneous coronary intervention, intolerance to either study drug (or similar classes) or a history of angioedema, systolic blood pressure (BP) >180 or <110 mmHg, estimated glomerular filtration rate (eGFR) <30 ml/min/1.73 m2, and serum potassium >5.2 mmol/L.

At baseline and then after 24 weeks of treatment, all the participants underwent a complete anthropometrical evaluation, including BMI, waist circumference, heart rate assessment, and three consecutive measurements of clinic blood pressure obtained in the sitting position, after 5 min of quiet rest. All subjects underwent laboratory determinations, including glucose-related parameters [HbA1c, FPG, and fasting plasma insulin], cardiovascular biomarkers (N-terminal pro-brain natriuretic peptide (NT-proBNP levels)), lipids [total cholesterol, low-density lipoprotein cholesterol (LDL)-cholesterol, high-density lipoprotein cholesterol (HDL)-cholesterol, hematology, and biochemistry including amylase, lipase, and creatinine]. The IR has been assessed by Homeostatic Model Assessment (HOMA)-IR.

A 75-g OGTT was performed as previously described (10) for patients with FPG ≥ 100 but <126 mg/dl [impaired fasting glucose (IFG)] and HbA1c value >6% but <6.5%, after a 12-h overnight fast.

At baseline and then at 24 weeks of treatment, all participants underwent an electrocardiogram (ECG) and echocardiogram tests. The Minnesota Living with HF questionnaire was used to evaluate the quality of life (11), and the determination of NYHA functional class was performed as suggested by the European Society of Cardiology (ESC) guidelines for the diagnosis and treatment of acute and chronic HF (12).

For eligible patients with sac/val therapy discontinued, a 75-g OGTT was performed as previously described (10), including ACE-I (at least 36 h before) or ARB, and received initial dosages of 24/26 or 49/51 mg b.i.d. according to their clinical conditions. Moreover, sac/val dosage was increased every 2–4 weeks up to the maximum tolerated dose, as recommended.

The patients enrolled showed persistence of symptoms despite an optimized treatment with beta-blockers, mineral receptor antagonists, loop diuretic, and stable doses of ACE-Is or ARBs for at least 4 weeks.

In our study, 43 patients (73%) were previously in treatment with ACE inhibitors, 16 (27%) were treated with ARB, and only 7 (12%) were treated with valsartan.

The study was approved by the local ethics committees, and informed written consent was obtained from all the participants before the initiation of the study. The study was conducted in accordance with the ethical rules of the Declaration of Helsinki.


Biochemical assays

Plasma glucose, total and HDL cholesterol, triglycerides, and uric acid concentrations were measured by enzymatic methods (Roche Diagnostics, Mannheim, Germany). Plasma insulin concentration was determined by a chemiluminescence-based assay (Roche Diagnostics, Mannheim, Germany). HbA1c was measured with high-performance liquid chromatography using a National Glycohemoglobin Standardization Program (NGSP)-certified automated analyzer and IFCC (Adams HA-8160 HbA1C analyzer, Menarini, Italy; normal reference range, 4.3%–5.9%). Serum creatinine was measured in the routine laboratory by an automated technique based on a creatinine Jaffè compensated method for serum and plasma (Roche, Basel, Switzerland) method implemented in an auto-analyzer. All other metabolites were measured by standard methods.

Moreover, HOMA-IR was determined using the following simplified equation:

	



Echocardiographic parameters

Tracings were taken with the patient in partial left decubitus position, using a VIVID 7 Pro ultrasound machine (GE Technologies, Milwaukee, WI, USA) with an annular phased array 2.5-MHz transducer. Echocardiographic readings were made in random order by the investigator who had no knowledge of patients’ BP and other clinical data. Only frames with optimal visualization of cardiac structures were considered for reading. The mean values from at least four measurements of each parameter for each patient were computed. As previously reported, subjects having a left ventricular ejection fraction >35% were excluded from this study. The measurements were obtained according to the international guidelines (13). Left ventricular end-diastolic volume (LVEDV) and left ventricular end-systolic volume (LVESV) were calculated according to the biplane Simpson’s method, and the LVEF was calculated according to the following formula:

	

as mean of two measures in four and two apical chambers.

Measurements of interventricular septum (IVS) thickness, posterior wall (PW) thickness, and left ventricular internal diameter (LVID) were made at end-diastole and end-systole. Left ventricular diastolic function was evaluated according to diagnostic criteria proposed by the American Society of Echocardiography (14). Evaluation of left atrial volume (LAV) was obtained using the apical four-chamber and two-chamber views. A pulsed Doppler transmitral flow velocity profile was obtained from the apical four-chamber view, and the sample volume was positioned at the tip of the mitral valve leaflets. The following parameters were evaluated for diastolic function: E wave (peak transvalvular flow velocity in early diastole), A wave (peak transvalvular flow velocity in late diastole), E/A ratio, and E/A ratio between 1 and 2 was defined as normal.

Pulsed wave tissue Doppler imaging (TDI) was performed at the junction of the septal and lateral mitral annulus. Early diastolic (septal e′ and lateral e′) and late diastolic (septal a′ and lateral a′) velocities were recorded; the ratio of E/e′ (average) was also calculated.



Statistical analysis

Within each group, a paired Student’s t-test was used to compare means between baseline and 24 weeks. Categorical variables were compared by the χ2 test. Data are reported as means ± SD. A p-value <0.05 was considered statistically significant. All analyses were performed using the SPSS software program Version 23.0 for Windows.




Results

A total of 59 prediabetic patients (38 men and 21 women, average age of 64.5 ± 6.5 years) and non-obese (BMI 26.4 ± 2.6 kg/m2) with HFrEF were evaluated. Thirty-seven of the 59 patients (62.7%) were in the NYHA III class, and 22 (37.2%) were in the NYHA II class. Twenty-one patients had normal glucose tolerance (NGT), 29 had IFG, and nine had impaired glucose tolerance (IGT) after OGTT according to the American Diabetes Association (ADA) guidelines (10). Twenty-two of the 59 patients (38%) were prescribed sac/val at a 24/26 mg dosage, 26 of the 59 patients (44%) assumed a dose of 49/51 mg, and 11 (18%) assumed a 97/103 mg dosage. The most frequent comorbidities in the study population were ischemic heart disease (79.6%), atrial fibrillation (32.3%), hypertension (83%), and dyslipidemia (88%) (Table 1).


Table 1 | Baseline characteristics and comorbidities of enrolled patients.



Anthropometric, hemodynamic, and biohumoral characteristics at baseline and after 24 weeks of therapy with sac/val are summarized in Table 2. No differences in weight, BMI, and waist circumference were observed. The comparison between baseline and 24-week values showed a significant reduction in heart rate (HR) (74.3 ± 2.6 vs 70.7 ± 6.5 bpm, p < 0.0001), systolic blood pressure (118.2 ± 7.7 vs 112.3 ± 6.7 mmHg, p < 0.0001), and diastolic blood pressure (73.4 ± 7.4 vs 68.6 ± 5.7 mmHg, p < 0.0001). Furthermore, there was a significant reduction in serum levels of sodium (140.4 ± 2.6 vs 138.6 ± 1.4 mmol/L, p = 0.003) and a significant change in serum levels of potassium (4.5 ± 0.4 vs 4.6 ± 0.3 mmol/L, p < 0.0001), while serum levels of creatinine (1.1 ± 0.6 vs 1.0 ± 0.7 mg/ml, p = 0.4) were not significantly modified. After 24 weeks of treatment with sac/val, we noticed a significant reduction of NT-proBNP levels (1,732 ± 536 vs 883 ± 376 pg/ml, p < 0.0001) and significant improvements in patients’ functional status, as showed by NYHA class changes: class III (from 62.7% to 32.2% of the whole cohort, p < 0.0001) and class II (from 37.2% to 67.7%, p < 0.0001). No differences in serum amylase, serum lipase, serum aspartate aminotransferase (AST), serum alanine aminotransferase (ALT), and high-sensitivity C-reactive protein (hs-CRP) were observed (data not shown).


Table 2 | Anthropometric, hemodynamic, and biohumoral characteristics at baseline and after 24 weeks of therapy with sac/val.



Table 3 shows the metabolic characteristics at baseline and after 24 weeks of therapy with sac/val. After 24 weeks of treatment with sac/val, a significant reduction in FPG (109 ± 9 vs 103 ± 8 mg/dl, p < 0.0001), fasting plasma insulin (16 ± 4 vs 10 ± 4 UI/L), and HbA1c value (6% ± 0.5% vs 5.3% ± 0.3%, p < 0.0001) were observed. Similarly, we observed a significant improvement in IR (HOMA-IR, 4.4 ± 0.9 vs 2.5 ± 0.6, p < 0.0001). We have also evaluated the metabolic parameters in a group of prediabetic non-obese patients with HFrEF (n = 22) treated with standard therapy (27% in treatment with ARB and 73% in treatment with ACE-i), and no significant differences in metabolic parameters have been found after 24 weeks of treatment (data not shown).


Table 3 | Metabolic characteristics at baseline and after 24 weeks of therapy with sac/val.



Furthermore, in patients treated with sac/val, there was a significant change in serum levels of total cholesterol (194 ± 30 vs 161 ± 28 mg/dl, p < 0.0001) and LDL-cholesterol (116 ± 32 vs 82 ± 27 mg/dl, p < 0.0001) but not in serum levels of HDL-cholesterol and serum levels of triglycerides (Table 3). There was also a statistically significant decrease in serum uric acid (5.9 ± 0.6 vs 4.8 ± 1.0 mg/dl, p < 0.0001).

The echocardiogram evaluation showed a significant reduction of the LV diastolic volume (LVDV) (168 + 24 vs 158 + 22 ml, p < 0.05), a significant reduction of the LV systolic volume (LVSV) (111 + 26 vs 98 + 22 ml, p < 0.005), and a significant reduction of E/e′ ratio. No differences in IVS thickness, PW thickness, A-wave, E-wave, and E/A ratio were observed. Similarly, no significant differences in left ventricular mass were observed. Sac/val use was also associated with an average 5.1% increase in LVEF, from a mean baseline of 33.%1 + 2.1% to 38.2% + 3.0% (p < 0.0001) (Table 4). Table 5 shows the differences occurring between the pharmacological treatments received at baseline and after 24 weeks of sac/val therapy. Notably, there was a significant reduction in diuretic drug use and a significant increase in lipid-lowering medication. Therapy with sac/val was well tolerated, and no serious adverse reactions occurred during the course of treatment. Regarding adverse events, there were only two episodes of hypotension, and only one required reduction of the dose of sac/val. Drug discontinuation has not been necessary for any patient. A transitory increase in the serum levels of potassium has been observed only in four patients. In addition, in two patients only, there was a worsening of HF that did not require hospitalization.


Table 4 | Echocardiographic parameters at baseline and after 24 weeks of therapy with sac/val.




Table 5 | Pharmacological treatments at baseline and after 24 weeks of therapy with sac/val.



Finally, 30 patients (51%) had an electronic device [implantable cardioverter defibrillator (ICD) or cardiac resynchronization therapy defibrillator (CRTd)]. These patients had been implanted at least 12 months prior to the start of sac/val treatment. In addition, patients who met the indication for CRTd or ICD implantation during the follow-up study would not have been considered for data analysis, by design. However, none of the enrolled patients met this indication.



Discussion

In this study, we found that treatment with sac/val was able to improve both IR and metabolic profile in prediabetic non-obese patients with HFrEF. Until today, few data on metabolic changes in HFrEF patients without T2DM treated with sac/val were available.

As previously reported, in the post-hoc analysis of the PARADIGM-HF clinical study, in patients with T2DM, a greater reduction of HbA1c concentrations in the patients in treatment with sac/val than in those taking enalapril has been demonstrated. Furthermore, during the study, fewer participants in the sac/val group required initiation of insulin therapy or oral antihyperglycemic therapy for glycemic control as compared with the enalapril group. These data suggested that in addition to reducing the risk of cardiovascular death, hospital admission for heart failure, and all-cause mortality, sac/val treatment might have favorable metabolic effects in patients with HF and diabetes (9). However, IR is common also in non-diabetic patients with HF and is associated with adverse prognosis (8).

In our study, we found an improvement in HOMA-IR, fasting blood glucose, fasting insulin, and HbA1c in prediabetic patients. To evaluate insulin sensitivity, we used the HOMA model. Although the euglycemic–hyperinsulinemic clamp is considered the gold standard method to measure insulin sensitivity, it is time-consuming and expensive and is not feasible in large-scale studies. HOMA-IR is a robust and easy method for assessing β-cell function and insulin resistance (15).

There are several potential mechanisms by which the block of the RAAS and the inhibition of neprilysin might lead to improvement in metabolic parameters and insulin resistance. The benefits of RAAS inhibition may be due to its effects on both peripheral IR and insulin secretion. Angiotensin II and aldosterone are able to induce IR altering insulin signaling and leading to decreased glucose transport at the cellular level. Angiotensin II also contributes to inflammation, oxidative stress, and apoptosis in pancreatic β cells (16, 17). Several large clinical trials have demonstrated that the inhibition of RAAS reduced the incidence of diabetes in patients with HF and/or risk for coronary artery disease probably through different pathways including increased perfusion of insulin-sensitive muscles and tissues with improved cellular insulin sensitivity and increased insulin secretion (17–19).

Moreover, although the effects of RAAS inhibition on insulin secretion have not been studied extensively, several evidence suggests that RAAS affects insulin secretion in both animals and humans (20–22). Drugs that block the RAAS could reduce diabetes risk by preserving β-cell function. Renin inhibition increases glucose tolerance and insulin secretion in the genetically obese diabetic KK-A mice (23). Similarly, treatment with valsartan is able to improve IR and increase glucose-stimulated insulin secretion in patients with impaired fasting glucose or impaired glucose tolerance (24).

Similarly, the inhibition of neprilysin might lead to improvement in glycemic control, IR, and metabolism through several potential mechanisms. Neprilysin is an enzyme that degrades several vasoactive peptides, including biologically active natriuretic peptides, angiotensin I and II, bradykinin, adrenomedullin, and glucagon-like peptide-1 (GLP-1) (25–27) and is expressed in many tissues [adipocytes, epithelial and smooth muscle cells, and endothelial and cardiac myocytes (28)]. Inhibition of neprilysin induces an increase of NPs that might have an important role in metabolism and insulin resistance. In particular, the increase of NP levels can favor lipid mobilization and postprandial oxidation with an increase in postprandial energy expenditure (2), increase adiponectin synthesis in the adipose tissue improving both IR and glucose metabolism (29), and promote white adipose tissue browning (30), all mechanisms that promote insulin sensitivity. In addition, the increase of NP levels can induce the inhibition of pro-inflammatory cytokines, such as interleukin-6 secretion (31). Therefore, by reducing interleukin-6 and increasing adiponectin levels from adipose tissue, NPs could enhance insulin sensitivity (32). Moreover, also the levels of other substances are modified by NEP inhibition; in particular, bradykinin and GLP-1 levels are increased, and endothelin-1 levels are decreased. Bradykinin may positively affect insulin signaling, glucose uptake, free fatty acid synthesis, and adiponectin expression in adipose tissue, improving insulin sensitivity and glycemic control (33, 34). Recently, it has been reported that the increase of NP levels is able to induce an augmentation of GLP-1 levels, a neuropeptide of the incretin family and potent antihyperglycemic hormone (35). GLP-1 may regulate insulin secretion and stimulate extrapancreatic glucoregulation; moreover, it may affect appetite and food intake. Finally, lower endothelin-1 levels are associated with reduced lipolysis and improved insulin sensitivity (36). In addition, the positive metabolic effects of sac/val treatment could be partly justified also by the improvement in quality of life and NYHA class, which could have favored an increase in physical activity and the reduction of diuretic drugs during the follow-up. We have no body composition measurements available, and we cannot know if ameliorating the NYHA class also improved body composition. However, it is plausible that the NYHA class improvement may increase the physical activity level of the patients, a well-known factor that affects insulin resistance. In addition, both the improvement of the NYHA class and the increase in physical activity level may modify body composition by increasing lean body mass, another factor that reduces insulin resistance. The effects of sac/val treatment in this group of patients are summarized in Figure 1.




Figure 1 | Effects of neprilysin inhibition and RAAS inhibition on insulin sensitivity and EF in prediabetic non-obese patients with HFrEF in treatment with sac/val. RAAS, renin–angiotensin–aldosterone system; EF, ejection fraction; HFrEF, heart failure with reduced ejection fraction; sac/val, sacubitril/valsartan.



According to previous studies (37–40), in our patients, we also observed that treatment with sac/val significantly improve left ventricular (LV) remodeling and function parameters. Sac/val treatment was associated with a reduction in LAV and end-systolic and end-diastolic LV volumes; together with this, also diastolic function parameters were improved, with an E/A ratio increase and E/e′ reduction, thus showing a lowering of intraventricular filling pressure. LV contractility was also ameliorated, as demonstrated by the significant change in LVEF.

Obviously, the reverse myocardial remodeling may justify the reduction in NT-proBNP levels that indicate a better hemodynamic condition and an improvement in both NYHA class and Minnesota Living with Heart Failure Questionnaire (MLHFQ) score observed in our patients.

Finally, the reduction in the use of loop diuretics may, at least in part, justify the important reduction in uric acid levels, a well-established cardiovascular risk factor, especially when associated with other metabolic abnormalities such as IR (41).

The present study has some limitations. First, this study has a small number of patients. Second, it is a pilot study from only two centers. Third, it is not a randomized clinical trial, and a matched control group is not available.



Conclusions

In conclusion, our data suggest that in addition to the HF benefits previously demonstrated, sac/val might have favorable metabolic effects also in prediabetic patients with HF and without obesity. In our study, we demonstrated an improvement in metabolic profile and IR during treatment with sac/val. This evidence is important because hyperglycemia and insulin resistance facilitate atherosclerotic, inflammatory, and fibrosis processes and might have implications for the pathophysiology of HF disease progression. Thus, therapeutically targeting impaired insulin resistance and prediabetic condition could potentially be beneficial in patients with heart failure. However, studies with a higher number of participants are needed.
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