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Abstract

Background: There is emerging evidence that supports a role for brain-derived neurotrophic 

factor (BDNF) in the risk and presence of serious cardiovascular conditions. However, few 

existing literature reviews methodically describe empirical findings regarding this relationship.

Objectives: The purpose of this integrative review was to (a) evaluate BDNF (serum/plasma 

BDNF levels, BDNF Val66Met genotype) among humans at risk for or with serious cardiovascular 

conditions, and (b) investigate the relationship between BDNF and risk/presence of serious 

cardiovascular conditions in humans.

Methods: A literature review with integrative review methodology was conducted. Articles in 

English included human subjects, a measure of BDNF levels or BDNF gene, involved serious 

cardiovascular conditions, and had quantitative data analyses. The search resulted in 475 unique 

titles with the final sample including 35 articles representing 30 studies. Articles that received 

Conflict of Interest: The authors have no conflicts of interest.

HHS Public Access
Author manuscript
Nurs Res. Author manuscript; available in PMC 2024 October 03.

Published in final edited form as:
Nurs Res. 2020 ; 69(5): 376–390. doi:10.1097/NNR.0000000000000454.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



“good” or “fair” ratings (n = 31) using the National Heart, Lung, and Blood Institute Study 

Quality Assessment Tools were included for synthesis.

Results: The retrieved articles were largely non-experimental with sample sizes ranging from 

20 to 5,510 participants (M = 546). Serum BDNF levels ranged from 0.8–43.2 ng/mL. Overall, 

BDNF levels were lower in patients with chronic heart failure and stroke, but higher in patients 

with unstable angina and recent myocardial infarction. Lower BDNF levels were associated with 

higher incidence of cardiovascular events in patients with a prior history of serious cardiovascular 

conditions and decreased cardiovascular risk in healthy samples. For BDNF genotype, on average 

36.3% of participants had Met alleles. The frequency of the BDNF Met allele varied across race/

ethnicity and cardiovascular conditions, and in terms of association with serious cardiovascular 

condition incidence/risk.

Discussion: These findings indicate an emerging area of science. Future investigation is needed 

on serious cardiovascular condition phenotypes in relationship to BDNF in the same study 

conditions. Results also suggest for use of standardized BDNF measurement across studies, and 

additional investigation in cardiovascular inflammatory processes that impact BDNF. Moreover, 

within specific populations, it may be that the frequency of Met alleles is too low to be detected in 

sample sizes normally found in these types of studies.
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Serious cardiovascular conditions (e.g., coronary heart disease, heart failure) are highly 

prevalent among middle-age and older adults (Benjamin et al., 2019). Development 

of serious cardiovascular conditions occurs on a continuum, ranging from increased 

cardiovascular risk (e.g., metabolic syndrome, hypertension) to advanced stages of 

cardiovascular disease (e.g., heart failure; Rosin, 2007). In the United States (U.S.), 92.1 

million adults are estimated to have a form of serious cardiovascular condition or after-

effects of stroke (Benjamin et al., 2019). Serious cardiovascular conditions often contribute 

to high mortality rates and debilitating symptoms that diminish quality of life (Benjamin 

et al., 2019). There has been increased interest in examining key biomarkers that may be 

useful for early detection, prognosis, and symptom management in serious cardiovascular 

conditions (Page et al., 2018).

Brain-derived neurotrophic factor (BDNF) is a protein that is a member of the neurotrophin 

family and has a prominent role in neurological development and degeneration (Bathina & 

Das, 2015). Tropomyosin receptor kinase B (TrkB) is the high affinity receptor for BDNF, 

and is found in the cells and gray matter of the spinal cord (Fang et al., 2003). BDNF 

is well known for pleiotropic effects in the brain, including promoting the growth and 

survival of neurons and regulation of synaptic neuroplasticity that contributes to learning and 

memory (Erickson et al., 2013). In addition, BDNF appears to have a neuroprotective effect 

in the face of injury or disease, such as cerebral ischemia, hypoglycemia, and neurotoxicity 

(Bathina & Das, 2015). Circulating BDNF levels in the blood have been used to characterize 

cognitive dysfunction phenotypes and levels have been compared across populations. For 

example, compared with healthy persons, persons living with schizophrenia and Alzheimer’s 
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disease had lower levels of serum BDNF (Fisher et al., 2016; Ng et al., 2019; Vinogradov et 

al., 2009) compared with control participants.

Recent studies suggest that BDNF also has independent and local effects in the 

cardiovascular system (Kermani & Hempstead, 2019). Specifically, BDNF is involved 

in angiogenesis, vasculogenesis, and increased cardiomyocyte contractility (Fulgenzi et 

al., 2015; Pius-Sadowska & Machaliński, 2017). In pre-clinical rodent models, episodes 

of sepsis may result in depletion of BDNF levels in cardiomyocytes and myocardial 

dysfunction (Zeng et al., 2017). In a rat model of post-myocardial infarction, exercise 

promoted the activation of BDNF-mediated trkB signaling, which led to improved 

cardiovascular functions as measured by ejection fraction, left ventricular end-diastolic 

pressure, stroke volume, and cardiac index (H. W. Lee et al., 2018). Other investigators have 

reported that in humans, BDNF may induce oxidative stress that may lead to instability 

of atherosclerotic plaques (Kaess et al., 2015) and lower serum BDNF levels may be 

associated with cardiac-related death (Taşçı et al., 2012). Overall, BDNF seems to play an 

important role in cardiovascular function and pathology, but relationships between its level 

of expression and functional correlates are less established in humans.

Regardless of brain or cardiac BDNF actions, the circulating levels of BDNF in the blood 

can reflect local levels of BDNF within those structures, and can be influenced by single 

nucleotide polymorphisms (SNPs) in the BDNF locus, which is located on chromosome 

11 (Egan et al., 2003). These SNPs can be assessed to examine their frequencies across 

different populations and to evaluate associations between genotypes and phenotypes. For 

instance, the BDNF SNP (rs6265) produces a valine (Val)-to-methionine (Met) substitution 

in the pro-BDNF protein at codon 66 (Val66Met), which inhibits the production and/or 

release of BDNF. The presence of the Met allele is associated with disorders of learning and 

memory in adults living in the U.S. and Australia. (Dempster et al., 2005; Erickson et al., 

2013; Hariri et al., 2003; Lim et al., 2014). In European Americans, approximately 20% of 

people have the BDNF Met allele (Val/Met or Met/Met genotype) and 80% do not have the 

BDNF Met allele (Val/Val genotype) (Zerbino et al., 2018). In contrast, East Asians have 

nearly a 50% Met allelic frequency while African Americans are less likely to have the Met 

allele (~5%; Zerbino et al., 2018). Thus, the percentage of people with the BDNF Met allele 

vary by population genetic structure, and ranges from 0 to 72% (Petryshen et al., 2010).

There were six previously published literature reviews in which either serum BDNF levels 

and/or BDNF genotype was evaluated in the context of the cardiovascular system or 

cardiovascular conditions (Finnell & Wood, 2016; Kermani & Hempstead, 2019; Motamedi 

et al., 2017; Pius-Sadowska & Machaliński, 2017; Rothman et al., 2012; Taşçı et al., 2012). 

The reviews provided new insights about associations between circulating BDNF levels, 

BDNF genotype and cardiovascular conditions but were limited in several ways. First, the 

previously published reviews were all “state of the science” reviews, and did not specify 

search strategies or comprehensiveness of the retrieved articles. Thus, the ability to draw 

conclusions was limited. Second, none of the reviews assessed the quality of articles in 

the review processes using a standard quality of bias assessment rating. Third, animal 

and human studies were combined in the reviews. Animal models may not accurately 

portray the human pathophysiology associated with BDNF and the effects of BDNF on 
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the cardiovascular system in humans (Kermani & Hempstead, 2019). Thus, synthesis and 

conclusions are difficult to translate to humans. Taken together, no existing literature reviews 

were identified in which investigators methodically synthesized existing empirical literature 

regarding BDNF among humans with serious cardiovascular conditions. Due to this, it is 

also unclear how BDNF relates to the risk or presence of serious cardiovascular conditions 

among humans.

MATERIALS AND METHODS

The integrative review methodology outlined by Whittemore and Knafl (2005) was 

followed. This methodology was chosen because it allows investigators to compare and 

contrast studies with different types of designs, measures, and methods (Whittemore & 

Knafl, 2005). Integrative reviews are particularly useful when there are limited randomized 

controlled trials on specific phenomenon. A rigorously conducted integrative review will 

provide synthesis of knowledge to inform future studies, and ultimately, clinical practice 

(Russell, 2005). In addition, the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines were used to guide the processes for the literature 

search results reporting to ensure a rigorous methodology (Moher et al., 2009).

Problem Identification

The present review was conducted to address the concerns in prior literature reviews. 

The purpose of this integrative review was to (a) evaluate BDNF (serum/plasma BDNF 

levels, BDNF Val66Met genotype) among humans at risk for or with serious cardiovascular 

conditions, and (b) investigate the relationship between BDNF and risk/presence of serious 

cardiovascular conditions in humans. We also aimed to identify future priority areas of 

investigation.

Literature Search

The search strategy process consisted of three steps (Moher et al., 2009). First, a search was 

conducted of three electronic databases, PubMed, Cumulative Index to Nursing and Allied 

Health Literature (CINAHL), and SciVerse Scopus, in July 2019. Second, the reference 

lists of the six previously published literature reviews were examined to identify relevant 

articles not retrieved in the electronic database search. Third, the reference lists of all of 

the retrieved articles were hand searched to identify relevant articles not retrieved in the 

electronic database search.

The database search was conducted using controlled vocabulary terms and synonymous free-

text words for the two categories of BDNF and cardiovascular conditions. The search terms 

of the first category were brain-derived neurotrophic factor (MeSH), BDNF (text word), 

trkB (MeSH), pro-BDNF (text word), and NTRK2 (text word). The search terms of the 

second category were the following MeSH terms: cardiovascular disease, coronary disease, 

heart failure, heart diseases, atrial fibrillation, myocardial infarction, cardiac myocytes, 

and myocardial contractility. A medical librarian verified the search strategy. To ensure a 

thorough retrieval of the existing literature, the search was not limited by time parameters.
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Data Evaluation

Inclusion criteria were as follows: (a) English language; (b) human subjects; (c) BDNF 

measured as serum, plasma, or BDNF gene; (d) study involved risk or presence of serious 

cardiovascular conditions; and (e) quantitative data analysis. Studies were excluded if the 

focus was on a co-morbid condition (e.g., schizophrenia) not directly related to serious 

cardiovascular conditions or risk for serious cardiovascular conditions.

Data Analysis

The following data points were extracted independently by two co-authors and entered in 

narrative tables for all articles in the final sample: (a) first authors; (b) publication year; 

(c) country (sampling area); (d) purpose and hypothesis as stated by the authors; (e) study 

design and follow-up time points (if applicable); (f) sample characteristics; (g) setting; (h) 

primary dependent variable measures; (i) BDNF measure; and (j) main findings specific to 

BDNF. If discrepancies were noted between the reviews of the two co-authors, the article 

was discussed by research team members and consensus achieved through review of the 

full-text article.

Data quality was assessed using the National Heart, Lung, and Blood Institute’s (NHLBI) 

Quality Assessment Tools (National Heart, Lung, and Blood Institute, 2019). The 

appropriate tool was chosen based on the article authors’ reported study design (i.e., Quality 

Assessment of Case-Control Studies, Quality Assessment for Observational Cohort and 

Cross-Sectional Studies, Quality Assessment Tool for Before-After Studies With No Control 

Group). Articles were scored on 12–14 criteria, depending on the specific tool that was 

selected based on study design, and assigned an overall rating of “poor”, “fair”, or “good” 

quality based on the proportion of criteria met (poor: < 30% criteria met; fair: 30%–60% 

criteria met; good: > 60% criteria met; Sheehan et al., 2018).

Presentation

Results from the data extraction of the final sample were organized into tabular format and 

synthesized based on the type of serious cardiovascular condition. To address the aim of the 

present review, narrative tables were categorized based on the primary dependent variable 

of each article: (a) dependent variable related to BDNF, or (b) dependent variable related to 

risk or presence of serious cardiovascular condition. The quality appraisal results informed 

the synthesis of evidence; articles rated as “good” or “fair” were included in the presentation 

and discussion of the main outcomes.

RESULTS

The initial search resulted in 475 unique titles (Figure 1). The authors independently 

reviewed the retrieved titles, followed by abstracts, and then full-text articles to evaluate 

whether they met the inclusion criteria. The authors reached a mutual consensus by 

discussion and further review wherein review decisions were incongruent. Based on title 

review, 369 articles were excluded. The majority of exclusions (n = 279) occurred because 

the studies did not include quantitative data analysis (e.g., case reports, clinical reviews). 

Next, the abstracts of the 106 remaining articles were evaluated and 61 of these articles 
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were excluded. The majority of these articles (n = 55) were excluded because they did not 

have quantitative data analysis. Full-text review was completed for the remaining 45 articles 

and 10 articles were excluded because they did not focus on risk or presence of serious 

cardiovascular conditions (n = 5), no full text was available (e.g., conference abstract; n = 

2), they did not include an analysis based on quantitative data (n = 2), and they reported 

the study protocol only (n = 1). The final sample resulting from this search strategy was 35 

articles representing 30 studies. In four cases, there were two articles published that used 

data from the same study (H. Jiang et al., 2009, 2011; Kadoya et al., 2014; Kurajoh et 

al., 2017; Pressler et al., 2015, 2017; Vuren et al., 2019). In addition, two articles used a 

data set from the Framingham Heart Study (Kaess et al., 2015; Rahman et al., 2017). The 

majority of the articles had quality assessment ratings that were categorized as fair (n = 24), 

while 7 were categorized as good, and 4 as poor (Table 1). Most frequently, articles received 

lower ratings because of the following items: (a) unclear specification of a purpose statement 

and/or hypothesis, (b) lack of justification of sample size, (c) lack of inclusion and exclusion 

criteria for sample and control groups, and (d) lack of recruitment details.

Of the 35 retrieved articles, authors described their designs as experimental (n = 1), non-

experimental (n = 33), and not reported (n = 1). The one article that reported an experimental 

design was a secondary analysis of a randomized controlled trial. Non-experimental designs 

included cross-sectional (n = 8), case control (n = 12), longitudinal ranging from 8 weeks 

to 10 years (n = 12), and one pre-post design (Tables 2 and 3). The articles included studies 

conducted in 16 countries representing the continents of Asia (n = 14), Europe (n = 10), 

North America (n = 8), Africa (n = 2), and South America (n = 1).

In the 35 articles, sample sizes ranged from 20 to 5,510 participants (M = 546 participants, 

SD = 119). Of the 35 articles, 33 included adult participants (M age = 61.2 years) and 2 

included pediatric patients (M age = 12.8 years; Pedersen et al., 2017; Sanchez-de-Toledo 

et al., 2014). Twenty-five of the 35 articles included both men and women, while 4 articles 

included only men and 1 article included only women. If both genders were included, on 

average there were 46.4% women (range = 22–81.8% women). Five articles reported race or 

ethnicity, and the majority of those samples were 89.1% White on average. Study settings 

were clinic (n = 17, 52%), hospital (n = 10, 30%), community (n = 4, 12%), and school (n = 

2, 6%).

BDNF Levels and BDNF Genotype Frequency

Results of measures of BDNF levels (serum or plasma) and BDNF genotype frequency in 

the 35 retrieved articles are displayed in Table 4. Across studies, serum BDNF levels ranged 

from 0.8 ng/ml among patients with minor ischemic stroke (Greisenegger et al., 2015) to 

43.2 ng/ml among a sample of healthy men (I.-T. Lee et al., 2012). Across 9 studies, the 

BDNF genotype frequency for Val allele homozygotes (Val/Val) ranged from 26.4% among 

participants with stable angina of Han descent in China (H. Jiang et al., 2009) to 70% among 

participants with cardiovascular disease and primarily of White race in the U.S. (Szabo et 

al., 2013). The BDNF genotype frequency for Val allele heterozygotes (Val/Met) ranged 

from 22.2% among participants with heart failure and in studies conducted in predominantly 

White race in the U.S. (Pressler et al., 2017) to 54.6% among participants with unstable 
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angina of Han descent in China (H. Jiang et al., 2009). The BDNF genotype frequency 

for Met allele homozygotes (Met/Met) ranged from 3.9% among participants with coronary 

artery disease and White race in Croatia (Sustar et al., 2016) to 25.0% among healthy 

control participants of Han descent in China (H. Jiang et al., 2009).

BDNF Examined as a Dependent Variable

BDNF-related measures were the primary dependent variables in 16 articles (Table 2). In 

these 16 articles, 10 articles had measures of serum BDNF levels (Bus et al., 2011; Costa et 

al., 2014; Lasek-Bal et al., 2015; I.-T. Lee et al., 2012; Lorgis et al., 2010; Pressler et al., 

2015, 2017; Sanchez-de-Toledo et al., 2014; Stanne et al., 2016; Zhang et al., 2015), 3 had 

measures of plasma BDNF levels (Chaldakov et al., 2004), and 3 had measures of BDNF 
gene (Bozzini et al., 2009; Pressler et al., 2015; Sustar et al., 2016). The BDNF measures 

were investigated in diverse cardiovascular conditions and the results are presented below 

by the conditions including metabolic syndrome (n = 2; Chaldakov et al., 2004; I.-T. Lee et 

al., 2012), heart failure (n = 3; (Pressler et al., 2015, 2017; Takashio et al., 2015), coronary 

artery disease (n = 2; Bozzini et al., 2009; Bus et al., 2011; Sustar et al., 2016), myocardial 

infarction (n = 2; Lorgis et al., 2010; Zhang et al., 2015), stroke (n = 2; Lasek-Bal et al., 

2015; Stanne et al., 2016), angina (n = 1; (Ejiri et al., 2005), cardiometabolic risk factors 

(n = 1; Schutte et al., 2016), Chagas heart disease (n = 1; Costa et al., 2014), or pediatric 

heart surgery (n = 1; Sanchez-de-Toledo et al., 2014). Of these 16 articles, 14 were rated as 

“good” or “fair” and were included in the synthesis of main findings.

Serum and Plasma BDNF Levels—Metabolic syndrome. There was no significant 

difference in serum BDNF levels between patients with elevated risk for cardiovascular 

disease due to metabolic syndrome and healthy control participants (I.-T. Lee et al., 2012). 

Myocardial infarction. In two articles, serum BDNF levels were significantly higher in 

patients who had myocardial infarction within the last 24 hours compared to control 

participants (Lorgis et al., 2010; Zhang et al., 2015). Heart failure. Among patients 

with heart failure, plasma BDNF levels were significantly lower compared with control 

participants, and levels were even lower with increased disease severity (Takashio et al., 

2015). Among patients with heart failure, Pressler and colleagues (2015) found significantly 

increased BDNF levels among patients who completed a cognitive training intervention 

compared to patients who completed the education attention control intervention, regardless 

of BDNF Met status (Pressler et al., 2015). Stroke. Among patients with stroke, lower 

serum BDNF levels were related to lower functional status 90 days post-stroke (Lasek-Bal 

et al., 2015), and to higher risk of poor outcomes at two and seven years (Stanne et al., 

2016). Angina. Among patients with unstable angina, plasma BDNF levels obtained from 

the coronary sinuses and aortas were significantly higher compared to patients with stable 

angina and healthy control participants (Ejiri et al., 2005). Cardiometabolic risk factors. 
Schutte and colleagues (2016) found that higher cortisol:BDNF ratios were associated 

with increased cardiometabolic risk factors (i.e., blood pressure, silent ischemia). Chagas 
heart disease. Among patients with Chagas heart disease, patients who underwent a single 

exercise session had lower serum BDNF levels post-exercise. Pediatric heart surgery. 

There were no significant differences in BDNF levels before or after heart surgery in 
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pediatric patients with differing neurological post-operative outcomes (Sanchez-de-Toledo et 

al., 2014).

BDNF Genotype—Coronary artery disease. Among patients with coronary artery 

disease, Bozzini and colleagues (2009) found the percentage of patients with Met/Met 

genotype was significantly higher compared to healthy control participants, while Sustar 

and colleagues (2016) found no significant difference between patients with coronary 

artery disease and healthy control participants. Heart failure. Among a small sample of 

26 patients with heart failure, increases in serum BDNF following a cognitive training 

intervention did not differ between genotypes (Pressler et al., 2017).

In sum, serum BDNF was the most commonly measured form of BDNF in articles with 

BDNF-related dependent variables. BDNF levels were significantly lower among samples of 

patients with heart failure and patients with poor stroke-related outcomes, and significantly 

higher among patients with unstable angina and recent myocardial infarction. Articles 

in which the BDNF Val66Met polymorphism were examined in persons with serious 

cardiovascular conditions were few and results were variable across studies, mainly due 

to differences in race/ethnicity of the measured populations, limiting ability for synthesis.

BDNF Examined as an Independent Variable

A total of 19 articles examined the BDNF-related measure as the independent variable to 

explain or phenotype cardiovascular conditions (Table 3). In these 19 articles, 11 articles had 

measures of serum BDNF levels (Fukushima et al., 2015; Greisenegger et al., 2015; Jung 

et al., 2011; Kadowaki et al., 2016; Kaess et al., 2015; I.-T. Lee et al., 2018; Pedersen et 

al., 2017; Rahman et al., 2017; Shibata et al., 2018; Vuren et al., 2019; Wu et al., 2019), 6 

had measures of plasma BDNF levels (Golden et al., 2010; H. Jiang et al., 2009; Kadoya et 

al., 2014; Kurajoh et al., 2017; Zembron-Lacny et al., 2016), and 3 had measures of BDNF 
gene (H. Jiang et al., 2009; R. Jiang et al., 2017; Szabo et al., 2013). Of the 19 articles, 10 

were focused on possible influences of BDNF on cardiovascular events (e.g., cardiovascular 

disease event incidence or atrial fibrillation incidence), 8 on cardiovascular risk factors (e.g., 

blood pressure, body mass index), and 1 on cognitive function in adults with cardiovascular 

disease. Of these 19 articles, 17 were rated as “good” or “fair” and were included in the 

synthesis of main findings.

Serum and Plasma BDNF Levels

Cardiovascular events.: Lower serum BDNF levels were associated with higher incidence 

of cardiovascular events among in a sample of 3687 persons from the Framingham Heart 

Study cohort (Kaess et al., 2015). Among patients with heart failure, lower serum BDNF 

levels were related to higher risk of cardiac events (Kadowaki et al., 2016; Shibata et al., 

2018). Among patients with angina, H. Jiang and colleagues (2009, 2011) found that lower 

levels of plasma BDNF were predictive of a major coronary event among persons living in 

China. Among patients with acute myocardial infarction, higher levels of both BDNF and 

CA125 (high-molecular weight binding mucin related to inflammatory processes) predicted 

acute heart failure. Two studies did not have significant findings. Serum BDNF levels were 

not predictive of atrial fibrillation incidence in the Framingham cohort (Rahman et al., 
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2017), or of vascular-related death among patients with minor ischemic stroke (Greisenegger 

et al., 2015).

Cardiovascular risk factors.: Among samples of healthy individuals (adults and 

adolescents), higher levels of serum or plasma BDNF were associated with a higher index of 

cardiovascular risk factors, including body composition and cholesterol (Golden et al., 2010; 

Pedersen et al., 2017). Moreover, higher serum BDNF levels were related to narrowing 

pulse pressure in nurses working night shifts (I.-T. Lee et al., 2018). Among adults that had 

elevated cardiovascular risk, higher plasma BDNF levels were significantly associated with 

decreased risk of developing chronic kidney disease (Kurajoh et al., 2017). Among healthy 

men, lower BDNF levels were associated with better cardiorespiratory fitness (Jung et al., 

2011). Conversely, higher serum BDNF levels were associated with better cardiorespiratory 

fitness among patients with heart failure (Fukushima et al., 2015).

BDNF Genes—Among patients with angina, H. Jiang and colleagues (2009, 2011) found 

that the BDNF Met/Met genotype was associated with the lower rates of unstable angina 

among people of Chinese Han descent. Similarly, in a sample of 5510 adult patients, 

the Val/Val genotype (that inhibits BDNF production and release) was associated with a 

higher incidence of major coronary events (R. Jiang et al., 2017). One cross-sectional study 

focused on cognition-related outcomes (i.e., neurocognitive measures of attention/executive 

function, memory, and language) in participants with cardiovascular disease, and Szabo and 

colleagues (2013) found that having at least one Met allele was significantly associated 

with better attention/executive function and memory among people in the U.S. with 

cardiovascular disease, but not with global cognitive function, which was acknowledged 

as contrary to past studies.

In sum, serum BDNF was the most commonly measured form of BDNF in articles with 

cardiovascular-related dependent variables. Findings were overall mixed, and 17 articles had 

significant findings while two did not. The articles with significant findings reported that 

lower BDNF levels were predictive of cardiovascular events, specifically major coronary 

events (e.g., myocardial infarction, acute ischemic heart failure). Conversely, in patients 

with myocardial infarction, authors speculated that higher serum BDNF levels were related 

to inflammatory processes predicting acute heart failure. Higher serum BDNF levels were 

significantly associated with higher cardiovascular risk in adults and adolescents without 

existing serious cardiovascular conditions, though findings on the association between 

BDNF levels and cardiorespiratory fitness were mixed.

Summary of Synthesis

Overall, the synthesized results of the 31 articles support three main conclusions. First, 

BDNF levels appeared to be higher in acute cardiovascular conditions, such as myocardial 

infarction and unstable angina, but lower in chronic cardiovascular conditions, such as heart 

failure. Second, higher BDNF levels were related to increases in certain cardiovascular 

risk factors (e.g., cholesterol, body composition) in healthy participants, while lower levels 

were related to increased likelihood of cardiovascular events in participants with existing 

cardiovascular conditions. Finally, the variations in BDNF genotype frequencies across 
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samples may reflect differences in population genetic structure among people in different 

countries and of different races and ethnicities.

DISCUSSION

In this integrative review, we identified 35 articles representing 30 studies that had the 

following results: (a) different levels of serum or plasma BDNF or BDNF genotypes among 

diverse serious cardiovascular conditions; and (b) BDNF was a predictor of cardiovascular 

outcomes, including events or risk factors. Findings from the 31 articles that received 

“good” or “fair” quality ratings were synthesized, while the 4 articles that received “poor” 

quality ratings were excluded due to potential methodological issues and potential bias. 

Overall, compared with control participants, patients with heart failure and stroke had 

lower BDNF levels while patients with unstable angina and myocardial infarction had 

higher BDNF levels. In addition, lower BDNF levels were predictive of cardiovascular 

events, specifically major coronary events. In healthy samples, however, higher BDNF levels 

appeared to be generally associated with increased cardiovascular risk (e.g., body mass 

index, blood pressure). Findings regarding BDNF genotype were mixed across race/ethnicity 

and cardiovascular conditions.

In two of the retrieved articles, investigators examined the role of BDNF in acute 

inflammatory processes that may be related to serious cardiovascular conditions. In these 

studies, BDNF levels were higher in patients with myocardial infarction compared to 

patients with stable angina. Higher BDNF levels were positively associated with higher 

soluble platelet selectin (sP-selectin (Lorgis et al., 2010), a cell adhesion molecule that 

has been proposed as a biomarker for acute inflammation (Schrijver et al., 2017). Also 

in patients after myocardial infarction, Wu and colleagues (2019) found that patients who 

developed acute heart failure had higher BDNF and CA125 (protein expressed in response 

to inflammatory mediators) levels, potentially indicating increased inflammatory processes. 

This finding is consistent with earlier pre-clinical animal models that showed BDNF levels 

in the heart were acutely elevated following myocardial infarction (Hang et al., 2015). Other 

pre-clinical models of myocardial infarction showed that BDNF assists in repair processes 

(Calabrese et al., 2014), and higher BDNF levels after cardiac injury were related to less 

chronic cardiac dysfunction (Halade et al., 2013; Okada et al., 2012). Thus, this acute 

elevation of BDNF as a response to cardiac injury may be beneficial for recovery, but 

this proposition needs further testing. Alternatively, chronic elevation of BDNF because of 

long periods of inflammation may be related to increased cardiovascular risk. In clinical 

populations, chronic inflammation that can occur in obesity is potentially associated with 

the development of metabolic syndrome and cardiovascular disease (Park et al., 2017; Saltiel 

& Olefsky, 2017). Taken together, there is likely an interrelationship between both acute 

and chronic elevation BDNF and inflammation with the potential for important effects on 

cardiovascular health and outcomes.

Synthesis of the results from this integrative review must be interpreted cautiously because 

the majority of articles received quality ratings of “fair”. Many articles lacked a clear 

purpose statement and/or hypothesis. Related to this lack of purpose and/or hypothesis, 

some articles had underdeveloped scientific premise for the aims. Although scientific 

Halloway et al. Page 10

Nurs Res. Author manuscript; available in PMC 2024 October 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



premise is not specifically rated in the NHLBI quality assessment methodology, an 

underdeveloped scientific premise may lead to poor specification of aims and lack of 

scientific rigor. In addition, not all articles reported detailed inclusion and exclusion criteria 

for the sample and/or control groups. No studies specifically addressed the importance of 

differences in genetic population structure that may have influenced results. Moreover, most 

articles considered confounders in analyses, but the selected confounders differed across 

studies. Confounders in the retrieved articles were commonly limited to demographics 

only (e.g., age, ethnic group, sex), and not all articles controlled for depression or pain, 

which deleteriously alters BDNF levels in adult populations (Phillips, 2017; Zhao et al., 

2018). None of the retrieved articles considered physical activity level as a confounder, 

which is associated with increased levels of serum and plasma BDNF (Coelho et al., 2013; 

Dinoff et al., 2017). Finally, BDNF was analyzed as both a predictor and an outcome of 

cardiovascular conditions across the articles, highlighting the emerging nature of the science 

surrounding the biology of BDNF in serious cardiovascular conditions.

Importantly, most of the studies that addressed the frequency distributions of the BDNF 
rs6265 SNP Val and Met alleles did not interpret results in the context of differences across 

population genetic structure (Petryshen et al., 2019) that could account for differences 

in allelic frequency. The rather large differences in the BDNF Met allele frequencies 

ranging from 0 to 72% have implications for sample selection, BDNF measurement, and 

interpretation of results. Moreover, while we know there are differences in the genotype, 

it is not well understood how this might affect the phenotype across populations. Thus, 

additional studies are needed to fully understand the differences in genetic population 

structure of BDNF and its phenotypic expression and relationship to outcomes. Most 

importantly, acknowledgement of the frequency distribution of the Met allele within the 

population under study is crucial for interpretation of the results.

A strength across the retrieved articles was that most followed validated methods for 

assessing BDNF levels. However, the reported methods varied across studies, which 

limited the ability to synthesize results. There are multiple methods available to measure 

protein levels of BDNF in serum or plasma, including western blot analysis, enzyme-

linked immunoabsorbant assay (ELISA), mass spectrometry and others. Of these, mass 

spectrometry is the most sensitive detection method, but may not be practical for many 

labs due to cost and resources. The next most sensitive measure is ELISA, which many 

consider the standard for BDNF measurement. For measurement of gene expression and 

SNP detection, standard methods are used including qPCR or next-generation sequencing 

for gene expression and either candidate Taqman probes for SNP detection or exome/whole 

genome sequencing (Git et al., 2010). Plasma BDNF levels have shown diurnal fluctuation 

in healthy human participants (Begliuomini et al., 2008; Pluchino et al., 2009). Thus, 

researchers must use consistent BDNF measurement across studies, including consistent 

time of day and serum BDNF analysis, using ELISA methodology (Polacchini et al., 2015).

This integrative review had three limitations. First, this review was not a systematic review. 

Although this integrative review methodology is advantageous given the developing nature 

of the topic of BDNF roles in serious cardiovascular conditions, there is a risk that we did 

not exhaustively capture studies from all databases. In addition, the 35 retrieved articles 
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represented 30 studies, with multiple articles utilizing data from a single study, which may 

have increased bias. Second, the differing designs and methods, particularly the varied 

dependent variables and BDNF measures, made it difficult to draw conclusions across 

studies. These articles examined BDNF in a variety of serious cardiovascular conditions and 

cardiovascular risk. Third, the samples of the studies retrieved were limited to mainly adult 

patients in the clinic and hospital settings. The majority of samples were composed of White 

midlife adults (80% or more were White).

To our knowledge, this is one of the first reviews to examine the existing literature 

focused on the relationship between BDNF and serious cardiovascular conditions in human 

participants. Our exploratory synthesis of results points to important gaps in the current 

knowledge. First, there is an urgent need for additional investigation on the cardiovascular 

condition phenotypes in relationship to both BDNF levels and BDNF genotypes within 

the same study conditions. Second, researchers should assess change in BDNF levels 

as a response to interventions in randomized controlled trials with cardiovascular 

populations, which would also help elucidate the complexity of BDNF among serious 

cardiovascular conditions. Third, there is a need to investigate the interrelationships of 

BDNF and inflammatory biomarkers in cardiovascular patient populations with and without 

inflammatory processes. Finally, all future studies should include detailed information about 

the sample and population genetic structure, standardized measures of BDNF, including time 

of day collected, and should control for confounders commonly known to influence BDNF, 

such as depression and pain.
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Figure 1. 
Flow chart of search and retrieval process and results.
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Table 1.

Quality Assessment Ratings of the 35 Articles by the National Heart, Blood, and Lung Institute Study Quality 

Assessment Tool Type

First Author, Year Quality Rating

Controlled Intervention Studies

Pressler, 2015 Good

Before-After (Pre-Post) Studies with No Control Group

Pressler, 2017 Fair

Case-Control Studies

Bozzini, 2009 Fair

Chaldakov, 2004 Poor

Costa, 2014 Fair

Jiang, H, 2009 Good

Kadowaki, 2016 Fair

Lee, 2012 Fair

Lorgis, 2010 Good

Stanne, 2016 Fair

Sustar, 2016 Fair

Takashio, 2015 Fair

Wu, 2019 Fair

Zembron-Lacny, 2016 Poor

Zhang, 2015 Fair

Observational Cohort and Cross-Sectional Studies

Bus, 2011 Poor

Fukushima, 2015 Good

Golden, 2010 Fair

Greisenegger, 2015 Fair

Lasek-Bal, 2015 Good

Ejiri, 2005 Fair

Jiang, R, 2017 Fair

Jiang, H, 2011 Fair

Jung, 2011 Poor

Kadoya, 2014 Poor

Kaess, 2015 Fair

Kurajoh, 2017 Fair

Lee, 2018 Fair

Pedersen, 2017 Fair

Rahman, 2017 Fair

Sanchez-DeToledo, 2014 Good

Schutte, 2016 Poor

Shibata, 2018 Fair

Szabo, 2013 Fair
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First Author, Year Quality Rating

van Vuren, 2019 Fair
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Table 4.

BDNF Levels and BDNF Genotype Frequency in the Retrieved Articles (N = 35)

First Author Year Country 
(sampling 
area)

Sample BDNF M (SD)/Mdn (IQR) BDNF Genotype N 
(%)

SNPs 
Location

Serum BDNF

Bus 2011 Netherlands 1168 adults with 
subthreshold depressive 
or anxiety symptoms, or 
had high risk

Total sample M (SD): 8.98 
(3.1) ng/mL

N/A N/A

Chaldakov 2004 Bulgaria 33 adults (23 with 
metabolic syndrome, 10 
healthy without metabolic 
syndrome)

N/A N/A N/A

Costa 2014 Brazil 30 patients with Chagas 
heart disease (16 non-
dilated, 14 dilated)

Patients with non-dilated 
Chagas M (SD):
15.1 (4.5) ng/mL at rest 
12.8 (4.6) ng/mL after 
exercise 

Patients with dilated Chagas 
M (SD):
13.2 (3.5) ng/mL at rest
10.9 (5.4) ng/mL after 
exercise

N/A N/A

Fukushima 2015 Japan 58 patients with heart 
failure

Total sample M (SD): 19.0 
(5.6) ng/mL

N/A N/A

Greisenegger 2015 United 
Kingdom

929 patients with TIA or 
minor ischemic stroke

Total sample: Mdn (IQR) 0.8 
(0.5–1.3) ng/mL

N/A N/A

Jung 2011 South Korea 955 healthy men 1st quintile of VO2max M 
(SD) : 14.7 (3.2) ng/mL
2nd quintile of VO2max M 
(SD): 13.9 (3.4) ng/mL
3rd quintile of VO2max M 
(SD): 12.9 (4.0) ng/mL 
4th quintile of VO2max M 
(SD): 12.4 (3.7) ng/mL 
5th quintile of VO2max: 10.4 
(4.0) ng/mL

N/A N/A

Kadowaki 2016 Japan 157 adults (134 with 
chronic heart failure, 
23 age matched control 
participants)

Patients with chronic heart 
failure M (SD): 25.8 (8.4) 
ng/mL 
Control participants M (SD): 
14.7 (8.4) ng/mL

N/A N/A

Kaess 2015 United States 3687 adults (669 
Framingham Original 
cohort, 3018 offspring 
cohort participants)

Total sample M (SD): 23.5 
(8.3) ng/mL

N/A N/A

Lasek-Bal 2015 Poland 87 adults with ischemic 
stroke

Total sample M (SD): 9.96 
(5.21) ng/mL
Men: 10.16 (4.94) ng/mL
Women: 9.77 (5.51) ng/mL

N/A N/A

Lee 2012 Taiwan 58 men (34 with 
metabolic syndrome but 
not diabetes; 24 age-
matched men without 
metabolic syndrome)

Men with metabolic syndrome 
M (SD): 40.9 (8.0) ng/mL
Control participants M (SD): 
43.2 (6.1) ng/mL

N/A N/A

Lee 2018 Taiwan 48 women nurses Total sample M (SD): 21.6 
(6.2) ng/mL

N/A N/A

Lorgis 2010 France 40 adults (20 with acute 
myocardial infarction, 20 

Patients post myocardial 
infarction M (SD): 1.7 (0.7) 

N/A N/A
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First Author Year Country 
(sampling 
area)

Sample BDNF M (SD)/Mdn (IQR) BDNF Genotype N 
(%)

SNPs 
Location

age- and gender-matched 
with stable angina)

ng/mL
Patients with stable angina M 
(SD): 0.9 (0.4) ng/mL

Pedersen 2017 Denmark 447 adolescents in grades 
6 to 11

Women M (SD): 26.98 (6.05) 
ng/mL
Men M (SD): 27.01 (6.34) 
ng/mL

N/A N/A

Pressler 2015 United States 27 adults with heart 
failure

Intervention group M (SD): 
8.4 (4.6) ng/mL
Control group M (SD): 9.5 
(3.5) ng/mL

Val/Val 17 (63%) 
Val/Met 6 (22.2%) 
Met/Met 2 (7.4%) 
2 (7.4%) could not 
be analyzed

rs6265
Val66Met

Pressler 2017 United States 26 adults with heart 
failure

Participants with APOEε4 
absent M (SD):
8.7 (3.7) ng/mL at baseline
8.9 (4.7) ng/mL at 8 weeks

Participants with APOEε4 
present M (SD): 
10.5 (4.0) ng/mL at baseline
11.1 (6.7) ng/mL 8 weeks

Participants with 
APOEε4 absent: 
Val/Val 10 (55.6%)
Val/Met + Met/Met 
8 (44.4%)

Participants with 
APOEε4 present:
Val/Val 7 (100%)
Val/Met + Met/Met 
0 (0%)

rs6265
Val66Met

Rahman 2017 United States 3457 adults (Framingham 
Original and offspring 
cohort participants)

Total sample Mdn: 23.4 
ng/mL

N/A N/A

Sanchez-
DeToledo

2014 United States 36 children undergoing 
heart surgery with 
cardiopulmonary bypass

Total sample at baseline M 
(SE): 3.2 (0.7) ng/mL

N/A N/A

Schutte 2016 South Africa 406 adults White adults M (SD): 1.7 (0.9) 
ng/mL
Black adults M (SD): 1.4 (0.7) 
ng/mL

N/A N/A

Shibata 2018 Japan 94 patients who 
were hospitalized for 
worsening heart failure

Patients with cardiac events at 
discharge M (SD): 18.3 ng/mL

N/A N/A

Stanne 2016 Sweden 491 post-stroke cases,
513 case control 
participants (1004 total)

Patients post-stroke M (SD): 
18.3 ng/mL 
Control participants M (SD): 
23.9 ng/mL

N/A N/A

Van Vuren 2019 South Africa 338 adults (186 White, 
152, Black)

White adults M (SD): 1.7 (0.9) 
ng/mL
Black adults M (SD): 1.5 (0.7) 
ng/mL

N/A N/A

Wu 2019 China 160 patients with acute 
MI (78 with acute HF, 82 
without acute HF)

N/A N/A N/A

Zhang 2015 China 20 men (10 patients 
with STEMI, 10 healthy 
controls)

N/A N/A N/A

Plasma BDNF

Ejiri 2005 Japan 107 adults (24 adults 
without CAD, 45 adults 
with stable angina, 38 
adults with unstable 
angina)

Adults with stable angina Mdn 
(IQR):
Coronary sinus 1.2 ng/mL 
(0.7–1.6)
Aortic root 1.2 ng/mL (0.8–
1.8)
Peripheral vein 1.3 ng/mL 
(0.8–1.7)
Adults with unstable angina 
Mdn (IQR):
Coronary sinus 1.5 ng/mL 

N/A N/A
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First Author Year Country 
(sampling 
area)

Sample BDNF M (SD)/Mdn (IQR) BDNF Genotype N 
(%)

SNPs 
Location

(1.1–2.4)
Aortic root 1.3 ng/mL (0.8–
1.8)
Peripheral vein 1.3 ng/mL 
(0.8–1.7)
Adults without CAD Mdn 
(IQR):
Coronary sinus 1.3 ng/mL 
(0.8–1.7)
Aortic root 1.3 ng/mL (0.8–
1.7)
Peripheral vein 1.3 ng/mL 
(0.7–1.9)

Golden 2010 United States 496 healthy midlife and 
older adults

N/A N/A N/A

Jiang, H 2011 China 885 adults with angina 
pectoris

N/A N/A N/A

Kadoya 2014 Japan 250 adults with ≥1 
cardiovascular risk factor

Reverse blood pressure 
dippers:

ln(BDNF)a 7.2 (0.7) pg/mL
Non-dippers: ln(BDNF) 7.7 
(0.9) pg/mL

N/A N/A

Kurajoh 2017 Japan 324 adults with 
cardiovascular risk factors

Total sample: ln(BDNF) 7.7 
(0.8) pg/mL

N/A N/A

Takashio 2015 Japan 242 heart failure 
patients, 80 case control 
participants

Patients with heart failure M 
(SD): 3.7 ng/mL
Control participants M (SD): 
7.3 ng/mL

N/A N/A

Zembron-
Lacny

2016 Poland 34 (17 older men and 17 
young men)

Young men M (SD): 1.6 (0.4) 
ng/mL
Older men M (SD): 1.4 (0.3) 
ng/mL

N/A N/A

BDNF Genotype

Bozzini 2009 Italy 242 adults (99 patients 
with CAD, 143 healthy 
control participants)

N/A Adults with 
coronary artery 
disease (n = 99):
Val/Val 53 (53.5%)
Val/Met 30 (30.3%)
Met/Met 16 (16.1%)

rs6265
Val66Met

Jiang, H 2009 China 1168 adults (628 unstable 
angina pectoris, 276 
stable angina pectoris, 
513 control participants)

N/A Adults with stable 
angina:
Val/Val 73 (26.4%) 
Val/Met 135 (48.9%)
Met/Met 68 (24.6%)

Adults with unstable 
angina: 
Val/Val 181 (28.8%) 
Val/Met 343 (54.6%)
Met/Met 104 
(16.6%)

Control participants:
Val/Val 139 (27.1%) 
Val/Met 246 (48.0%)
Met/Met 128 
(25.0%)

rs6265
Val66Met

Jiang, R 2017 United States 5510 adults N/A Val/Val 3627 
(65.8%)
Val/Met + Met/Met 
1883 (34.2%)

rs6265
Val66Met

Pressler 2015 United States 27 adults with heart 
failure

Intervention group M (SD): 
8.4 (4.6) ng/mL 

Val/Val 17 (63%) 
Val/Met 6 (22.2%) 

rs6265
Val66Met
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First Author Year Country 
(sampling 
area)

Sample BDNF M (SD)/Mdn (IQR) BDNF Genotype N 
(%)

SNPs 
Location

Control group M (SD): 9.5 
(3.5) ng/mL

Met/Met 2 (7.4%) 
2 (7.4%) could not 
be analyzed

Pressler 2017 United States 26 adults with heart 
failure

Participants with APOEε4 
absent M (SD):
8.7 (3.7) ng/mL at baseline
8.9 (4.7) ng/mL at 8 weeks

Participants with APOEε4 
present M (SD): 
10.5 (4.0) ng/mL at baseline
11.1 (6.7) ng/mL 8 weeks

Participants with 
APOEε4 absent: 
Val/Val 10 (55.6%)
Val/Met + Met/Met 
8 (44.4%)

Participants with 
APOEε4 present:
Val/Val 7 (100%)
Val/Met + Met/Met 
0 (0%)

rs6265
Val66Met

Sustar 2016 Croatia 704 adults (206 with 
CAD, 498 healthy control 
participants)

N/A Patients with 
coronary artery 
disease: 
Val/Val 143 (69.4%)
Val/Met 55 (26.7%)
Met/Met 8 (3.9%)

Healthy control 
participants:
Val/Val 337 (67.7%)
Val/Met 140 (28.1%)
Met/Met 21 (4.2%)

rs6265
Val66Met

Szabo 2013 United States 110 adults with CVD N/A Val/Val 77 (70%)
Val/Met + Met/Met 
33 (30%)

rs6265
Val66Met

a
natural logarithm.

Note. BDNF = brain-derived neurotrophic factor. CVD = cardiovascular disease. TIA = transient ischemic attack. MI = myocardial infarction. HF = 
heart failure. STEMI = ST-Elevation Myocardial Infarction. CAD = coronary artery disease.
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