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INTRODUCTION 

Chronic Heart Failure (CHF) is a complex and potentially life-threatening condition, often a 
consequence of untreated or poorly managed heart disease. CHF significantly impacts patient 
quality of life and adds to morbidity and mortality rates worldwide. Recent estimates suggest that 
while the number of new cases of CHF has plateaued or even decreased in developed countries, 
more people are living with CHF today due to the ageing population and improved survival for 
patients affected by cardiovascular disease.  In fact, according to the most recent data, over 64 
million individuals worldwide are affected by CHF (Groenewegen et al., 2020; Savarese et al., 
2023).  

Accordingly, there arises a pressing need for cost-effective treatment and management 
strategies. In this sense, current guidelines emphasize the non-pharmacological approach and 
underscore lifestyle change as an integral part of disease management (Piepoli et al., 2010; 
Visseren et al., 2021). Exercise-based cardiac rehabilitation is one such change. Physical activity 
in general, but especially aerobic exercise, is associated with reductions in all-cause and 
cardiovascular mortality in the general population (Myers et al., 2015; Nocon et al., 2008). In 
patients already diagnosed with heart conditions, including heart failure, exercise reduces 
hospitalization rates, improves symptom management, and increases exercise tolerance 
(Sanchis-Gomar et al., 2022). 

Understanding the mechanisms behind exercise-induced protection may reinforce the 
therapeutic potential of exercise training for patients with CHF. It may also aid in tailoring training 
programs to individuals (Sanchis-Gomar et al., 2022). In the last two decades, it has been 
suggested that the beneficial effects of exercise, at least to a degree, may be attributed to the 
release of certain molecules known as "myokines." These myokines, including peptides and 
metabolites, are secreted by bodily tissues in response to exercise. Upon their release into 
circulation, myokines orchestrate a myriad of immediate molecular events that further contribute 
to the well-known long-term adaptations to exercise (Severinsen & Pedersen, 2020).  

Among these myokines, one that stands out is the brain-derived neurotrophic factor 
(BDNF). BDNF, a neurotrophin primarily found in the hippocampus, has been extensively studied 
for its role in synaptic plasticity (Edelmann et al., 2014). In the brain, BDNF exerts its influence by 
binding to the tropomyosin receptor kinase B (TrkB) (Yoshii & Constantine-Paton, 2010). A 
significant body of research underscores the pivotal role of the BDNF/TrkB signalling in neural 
development, memory consolidation, and neurogenesis (Park & Poo, 2013). Notably, numerous 
studies have reported alterations in BDNF expression in various neurological conditions, 
including Alzheimer's (Holsinger et al., 2000), Parkinson's (Jin, 2020), and psychiatric disorders 
(Cattaneo et al., 2016).  

However, in recent years, the involvement of BDNF in a pleiotropy of physiological 
processes, including cardiovascular function (Kermani & Hempstead, 2019; Pius-Sadowska & 
Machaliński, 2017), has been proposed. Evidence suggests the implication of BDNF/TrkB 
signalling in enhanced cardiac contractility and neovascularization following injury (Feng et al., 
2015; Kermani & Hempstead, 2019). Moreover, overexpression of BDNF has resulted in increased 
capillary density, suggesting a potential role as a pro-angiogenic factor (Donovan et al., 2000; 
Hong et al., 2014).  

Within the circulatory system, BDNF is highly expressed by platelets, which may explain 
the rapid release of BDNF into serum following platelet aggregation (Chacón-Fernández et al., 
2016; Matthews et al., 2009). Additionally, endothelial cells in the vasculature and skeletal 
muscle also express BDNF and TrkB. In fact, BDNF concentration rises in response to muscle 
contraction, although muscle-derived BDNF does appear to function in an autocrine or paracrine 
fashion only (Matthews et al., 2009). Physical activity, particularly aerobic exercise, has been 
shown to increase circulating BDNF (Knaepen et al., 2010). This exercise-induced increase in 
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BDNF has been demonstrated in healthy young (Dinoff et al., 2017) and older adults (Coelho et 
al., 2013). More importantly, even a single session of aerobic exercise was able to raise BDNF 
concentrations in patients with Alzheimer's (Coelho et al., 2014), Parkinson's (Azevedo et al., 
2022), and obesity (Inoue et al., 2020).  

Although the literature on CHF is still scarce, correlational studies have put forward the 
notion that BDNF may be used as a biomarker to assess the severity and progression of CHF 
(Fukushima et al., 2015; Nakano et al., 2020). Moreover, BDNF levels were lower in patients with 
CHF compared to healthy subjects and independently predicted future cardiovascular events 
(Kadowaki et al., 2016). In individuals with underlying heart disease, lower BDNF levels were 
associated with all-cause mortality and future coronary events (Jiang et al., 2011).  

However, the potential of exercise to restore BDNF levels and produce clinical benefits as 
observed in other pathologies, remains unexplored in the context of CHF. In a study by Nakano et 
al. (2020), serum BDNF levels were measured in patients during cardiopulmonary exercise 
testing (CPET) but only at rest, and the immediate effect of exercise on BDNF levels was not 
examined. Thus, to the best of our knowledge, no prior research has investigated the acute effect 
of exercise on serum BDNF concentrations in patients with CHF. The potential implications of 
these findings could significantly contribute to our understanding of the role of exercise in 
managing CHF. 

It is also worth noting that the change in BDNF levels following exposure to exercise stimuli 
depends on the individual patient characteristics and variables of the exercise prescription 
(Piepmeier & Etnier, 2015). Research to date has indicated that BDNF content tends to be lower 
in females, which may be attributed to hormonal variances (Chan & Ye, 2017). Along the same 
line of evidence, in numerous exercise studies, it has been observed that males typically exhibit 
greater acute increases in BDNF compared to females (Dinoff et al., 2017). In patients with CHF, 
serum BDNF levels drop even further as the disease progresses, revealing a strong correlation 
with compromised exercise capacity and skeletal muscle function (Nakano et al., 2020). 
Moreover, it was previously suggested that BDNF release following an exercise bout is intensity-
dependent (Ferris et al., 2007). In this sense, lactate, the metabolite of anaerobic metabolism, 
was recognized as a trigger of cellular pathways, culminating in increased BDNF expression 
(Hayek et al., 2019). Hence, higher-intensity exercise, which strains the glycolytic energy system, 
is associated with larger increases in BDNF levels (Reycraft et al., 2020; Saucedo Marquez et al., 
2015). 

Therefore, the objectives of the present study were threefold. On the one hand, we sought 
to examine BDNF levels in patients with CHF to further contrast these levels against those 
reported in the literature in healthy individuals and other clinical populations. At the same time, 
we investigated the immediate impact of aerobic exercise on serum BDNF levels in male and 
female patients with CHF. Finally, we examined the correlations between individual patient 
characteristics (such as age, sex, and left ventricular ejection fraction [LVEF]), CPET variables 
(including duration and peak workload), and the post-exercise increase in serum BDNF 
concentrations. We speculated that baseline BDNF levels in patients with CHF would be lower 
compared to those in healthy individuals but similar to levels found in other pathological 
conditions. For our next objective, we hypothesized that exercise would increase BDNF levels in 
CHF patients. We anticipated slight variations, favouring male subjects and those with less 
deteriorated left ventricular function. Additionally, we expected individuals with higher lactate 
concentrations post-exercise to experience a more significant rise in serum BDNF. 
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METHOD 

Participants 

Participants were recruited from the Cardiology Department's database at General 
University Hospital of Alicante Dr. Balmis. Eligible individuals were subsequently contacted via 
telephone calls, and their participation was entirely voluntary. The inclusion criteria were as 
follows: (a) male and post-menopausal female patients diagnosed with CHF, with stable 
symptoms and medical treatment for at least the past three months, regardless of the left 
ventricular ejection fraction (LVEF) classification; (b) aged 18 years or older; (c) diagnosis of CHF 
of ischemic or non-ischemic origin; (d) New York Heart Association functional class II-III; (e) no 
physical limitations hindering exercise. Exclusion criteria included (a) unstable angina pectoris; 
(b) myocardial infarction within the last six months; (c) severe or acute exacerbation of chronic 
obstructive pulmonary disease; (d) presence of complex ventricular arrhythmias. Experienced 
cardiologists meticulously verified both inclusion and exclusion criteria. 

Study design 

The study protocol received approval from the Ethics Committee of the hospital (Ref: 2022-
140). Patients meeting the inclusion criteria were instructed to avoid strenuous physical activity 
in the 24 hours preceding the intervention. The intervention, which included a blood draw and 
CPET, was scheduled for the afternoon (between 4 and 7 pm). On the day of the CPET, patients 
received detailed information about the study and were invited to sign the informed consent form. 

Prior to exercise, patients' weight and height were measured to calculate their body mass 
index (BMI). Subsequently, all patients underwent a symptom-limited CPET on a cycle ergometer. 
Blood samples were collected from the antecubital vein before and after the exercise test to 
quantify serum BDNF concentrations, while capillary blood samples were obtained from the 
earlobe to measure blood lactate concentration. 

Cardiopulmonary exercise test 

All patients performed a symptom-limited CPET on a cycle ergometer (SanaBike 500 easy, 
Truchtelfinger, Germany) under medical supervision. The CPET consisted of the following phases: 
(a) a 5-minute baseline period in the seated position on the cycle ergometer; (b) a 3-minute warm-
up at 10 W; (c) an incremental ramp test with a personalized slope aimed to induce exhaustion in 
8-12 minutes (Neder et al., 1999), with a pedalling frequency set between 60 and 70 rpm; (d) a 5-
minute cool-down at 10 W.  

Systolic and diastolic blood pressures were monitored during exercise, with readings taken 
every three minutes. Respiratory gas exchange and heart rate (HR) were continuously monitored 
during the test using Metalyzer 3B (CORTEX Biophysik GmbH, Leipzig, Germany) and a 12-lead 
electrocardiogram (Norav PC-ECG 1200, Mainz-Kastel, Germany), respectively. Ventilatory data 
were averaged every 10 seconds, and peak oxygen uptake (VO2 peak) was defined as the highest 
mean VO2 value reached at the end of the incremental phase. The first ventilatory threshold was 
established according to the V-slope method (Wasserman et al., 1994). To confirm the maximal 
effort during the exercise test and ensure the VO2 peak represented VO2 max, the criterion of the 
end-incremental phase peak respiratory exchange rate (RER peak) being greater than 1.10 was 
utilized (Mezzani et al., 2009). Peripheral and capillary blood samples were collected during both 
the baseline and cool-down periods. 

Blood samples and analyses 

A qualified nurse drew peripheral blood samples via an indwelling catheter located in the 
antecubital vein before and after CPET. A blood sample was collected in a dry tube with gelose, 
kept at room temperature for 30 minutes, and centrifuged at 1000 x g for 15 minutes. The serum 
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samples were harvested, aliquoted, and stored at −20 ºC for subsequent analysis of all samples 
altogether. The levels of serum BDNF were measured by ELISA testing according to the 
manufacturer's protocol. 

Sample size determination and statistical analysis 

G*Power was used to determine the required number of participants (Faul et al., 2009), 
with input variables derived from prior research (Ferris et al., 2007). The sample size was 
computed using a two-tailed paired t-test, with a significance level set at 5%, a target power of 
80%, and an anticipated effect size (d) of 0.89. The calculation indicated a need for 12 
participants, and ultimately, 12 individuals were recruited. 

The Shapiro-Wilk test and box plots were utilized to assess the normality of the continuous 
variables. Variables with a normal distribution were expressed as mean ± standard deviation 
(SD). Conversely, variables that did not meet the assumption of normality were represented as 
median (25th and 75th percentiles). Additionally, categorical variables were reported as frequency 
(percentage).  

Paired t-tests were employed to perform statistical within-group comparisons (i.e., before 
and after the CPET) for lactate and BDNF concentrations. The mean change, along with its 95% 
confidence interval (CI), was calculated to assess the magnitude of change in the selected 
outcomes. The Mann-Whitney U test was applied to determine if changes in BDNF differed based 
on sex (i.e., males vs. females) or the attainment of VO2 max during CPET (i.e., confirmed vs. non-
confirmed). Finally, Spearman´s rho correlation analyses were conducted to examine the 
relationship between changes in serum BDNF and participant characteristics (i.e., age, weight, 
BMI, and LVEF), as well as other analysed variables (i.e., workload peak, CPET duration, HR rest, 
HR peak, RER peak, VO2 rest, VO2 peak, baseline lactate, peak lactate, and change in lactate). 
The correlation strength was interpreted as negligible (0.00 – 0.09), weak (0.10 – 0.39), moderate 
(0.40 – 0.69), strong (0.70 – 0.89), and very strong (> 0.90) (Schober et al., 2018). Statistical 
significance was set at p ≤ .05. 
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