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Abstract

Background: The impact of cannabis uses on blood levels of brain-derived neu-

rotrophic factor (BDNF) and nerve growth factor (NGF) remains uncertain, with

conflicting findings reported in the literature. BDNF and NGF both are essential pro-

teins for neuron’s growth, and their dysregulation is seen in various mental disorders.

This study aims to evaluate the relationship between cannabis usage and BDNF and

NGF levels due to their potential implications for mental health.

Methods: A comprehensive search of electronic databases was performed using

appropriate MeSH terms and keywords. Inclusion criteria comprised human studies

investigating the relationship between cannabis use and BDNF andNGF levels.

Results: A total of 11 studies met the inclusion criteria and were included. The pooled

analysis revealed a nonsignificant association between cannabis use and dysregu-

lated blood levels of BDNF (random-effects model, standardized mean differences

[SMD] = .26, 95% CI −.34 to .76, p = .40). The results of our subgroup analysis based

on BDNF source showed a nonsignificant between-group difference. For NGF levels,

four studies were included, the pooled analysis revealed a nonsignificant association

between cannabis use and dysregulated blood levels of NGF (random-effects model,

SMD = −.60, 95% CI −1.43 to –.23, p = .16). In both analyses, high heterogeneity

was observed among the included studies which is a notable limitation to current

meta-analysis.

Conclusion: This systematic review highlights the need for further research to eluci-

date the relationship between cannabis use and these neurotrophic factors. A better

understanding of these associations can contribute to our knowledge of the neu-

robiological effects of cannabis and inform potential implications for mental health,

cognitive function, and neurodegenerative disorders.
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1 INTRODUCTION

Cannabis, commonly known as marijuana, is one of the most widely

used psychoactive substances globally (Lafaye et al., 2017). Its use

has increased significantly in recent years, both for recreational pur-

poses and for the management of various medical conditions (Han &

Palamar, 2020). The active compounds in cannabis, particularly delta-

9-tetrahydrocannabinol (THC) and cannabidiol, have been extensively

studied for their effects on the central nervous system and their

potential therapeutic properties (Černe, 2020). However, the impact of

cannabis use on the levels of neurotrophic factors in the blood, specif-

ically brain-derived neurotrophic factor (BDNF) and nerve growth

factor (NGF), remains a topic of considerable interest and debate.

BDNF and NGF are essential proteins involved in the growth,

development, and survival of neurons in the brain and peripheral ner-

vous system (Binder & Scharfman, 2004). BDNF plays a crucial role

in synaptic plasticity, neurogenesis, and neuronal survival, whereas

NGF promotes the growth, maintenance, and function of sensory and

sympathetic neurons (Andres & Bradshaw, 1980; Autry & Monteggia,

2012). Alterations in the levels of these neurotrophic factors have been

implicated in various neurological and psychiatric disorders, includ-

ing depression, anxiety, neurodegenerative diseases, and cognitive

impairments (Dou et al., 2022; Salles et al., 2017).

Preclinical studies have suggested that cannabis and its constituents

maymodulate BDNFandNGF levels, thereby influencing neuroplastic-

ity and neuronal survival (). However, the findings from human studies

investigating the effects of cannabis use on BDNF and NGF levels

have been inconsistent and inconclusive. Some studies have reported a

decrease in BDNF andNGF levels among cannabis users, whereas oth-

ers have found no significant association or even contradictory results

(10) (Angelucci et al., 2008).

The impact of cannabis use on BDNF and NGF levels due to their

potential implications for mental health, cognitive function, and neu-

rodegenerative disorders should be investigated. A systematic review

and meta-analysis can provide a comprehensive and rigorous assess-

ment of the available evidence, helping to elucidate the relationship

between cannabis use and these neurotrophic factors. Therefore, the

aim of this study is to synthesize the existing literature and evaluate

the effect of cannabis use on blood levels of BDNF andNGF.

2 METHODS

2.1 Research question and objective

The research question guiding this systematic review was as follows:

“What is the effect of cannabis use on blood levels of Brain-Derived

Neurotrophic Factor (BDNF) andNerve Growth Factor (NGF)?”

2.2 Study protocol and search strategy

The protocol for this systematic review and meta-analysis was devel-

oped a priori and registered in PROSPERO (CRD42023433718). The

preferred reporting items for systematic reviews and meta-analyses

guidelines were followed to ensure the transparency and rigor of the

review process (Page et al., 2021).

A comprehensive search strategy was developed in consultation

with a research librarian to identify relevant studies. Electronic

databases, including PubMed, Embase, Scopus, and Web of Sciences,

were searched from inception to October 26, 2023. The following

search termwas applied in each database: (cannabis ORmarijuana OR

cannabis use OR marijuana use OR THC OR Δ9-THC) AND (blood OR

serum OR plasma OR circulating) AND (BDNF OR NGF). The search

strategy also involved manual searching of reference lists of relevant

articles and review papers to identify additional studies. No language

or publicationdate restrictionswere applied during the searchprocess.

2.3 Study selection

Two independent reviewers conducted the initial screening of identi-

fied articles based on the titles and abstracts. Full-text articles were

obtained for potentially relevant studies. Any discrepancies during the

selection process were resolved through discussion or consultation

with a third reviewer.

Inclusion criteria: Studies investigating the effect of cannabis use

on blood levels of BDNF and NGF. Human studies. Original research

articles published in peer-reviewed journals.

Exclusion criteria: Animal studies, reviews, case reports, and con-

ference abstracts. Studies not reporting blood levels of BDNF or NGF.

Studies not directly assessing the relationship between cannabis use

and BDNF or NGF levels.

2.4 Data extraction and quality assessment

Data extraction was performed independently by two reviewers using

a standardized data extraction form. The following information was

extracted from each included study: author(s), year of publication,

study design, sample characteristics, cannabis exposure duration,

BDNF andNGFmeasurementmethods, and the quality of the included

studies.

The methodological quality and risk of bias assessment of included

studieswereevaluatedusing appropriate tools, suchas theNewcastle–
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Ottawa scale or theCochraneRisk of Bias Tool, depending on the study

design. Any disagreements were resolved through consensus or by

consulting a third reviewer (Luchini et al., 2017).

2.5 Data synthesis and meta-analysis

A meta-analysis was conducted using RevMan 5.4 to calculate pooled

effect estimates (standardized mean differences [SMD]) and their cor-

responding 95% confidence intervals. Heterogeneity among studies

was assessed using statistical tests (e.g., Cochran’s Q test, I2 statis-

tic). Subgroup analysis was performed to explore potential sources of

heterogeneity. Publication bias was assessed using funnel plots and

statistical tests (e.g., Egger’s test) if a sufficient number of studies were

included (n> 10).

3 RESULTS

3.1 Study selection

The initial search yielded a total of 337 articles after removing dupli-

cates. After screening the titles and abstracts, 25 articleswere selected

for full-text review. Following the full-text review, 11 studies met the

inclusion criteria and were included in the quantitative synthesis. A

flow diagram illustrating the study selection process is presented in

Figure1 (Angelucci et al., 2008; Bayazit et al., 2019;Chagas et al., 2014;

D’Souza et al., 2009; Jockers-Scherubl et al., 2004, 2006; Lisano et al.,

2020; Miguez et al., 2019; Szabo et al., 2020; Toll et al., 2020; Yazici

et al., 2022).

3.2 Study characteristics and quality assessment

The included studieswere published between2004 and2022 (Table 1).

All studies were case–control with regard to study design. The sample

sizes ranged from 23 to 643 participants.

The participants in the included studies were predominantly adults

(age range: 18–65 years) with various cannabis use patterns. Most

studies focused on chronic cannabis users, one study was conducted

on light users, three studies were conducted on both chronic and light

users, and one examined medical cannabis users. Regarding the study

population, there were four studies conducted on patients with past

neuropsychiatric conditions (Chagas et al., 2014; Jockers-Scherubl

et al., 2004, 2006; Szabo et al., 2020).

The key findings from each of the included articles are summa-

rized in the Table 2. Notably, the majority of these studies did not

identify a significant relationship between cannabis consumption and

BDNF levels. Eleven studies were included in our analysis based on

the established criteria. In most instances, individuals did not present

any concurrent mental illnesses aside from cannabis use disorder.

However, in two articles, schizophrenia was observed in a subset of

participants. Additionally, one article reported the occurrence of first-

episode psychosis, the other featured individual with bipolar disorder

(BD), and yet another study focusedon individualswithParkinson’s dis-

ease (PD). When examining cannabis consumption patterns across the

studies, several common patterns emerged. Chronic consumption was

prevalent, with most individuals consuming at least 0.5 g of cannabis

per day for a duration ranging from 6 months to 2 years. The specific

consumption patterns for each study are detailed in Table 2.

Overall, the quality of the included studies varied, with some stud-

ies demonstrating a low risk of bias, whereas others had limitations

in selection and exposure domains (see Supporting Information for

detailed assessment).

3.3 Effect of cannabis use on BDNF levels

A meta-analysis was performed on 10 studies that reported quan-

titative data on BDNF levels in cannabis users. The pooled analysis

revealed a nonsignificant association between cannabis use and dys-

regulated blood levels of BDNF (random-effects model, SMD = .26,

95% CI −.34 to .76, p = .40) (Figure 2 and Figure 3). High heterogene-

ity was observed among the included studies (I2 = 95%). As there was

an adequate number of effect sizes in the analysis (n ≥ 10), subgroup

analysis was performed. The results of our subgroup analysis based

on BDNF source showed a nonsignificant between-group difference

(Figure 4). There were no possible sources of publication bias based on

the funnel plot and results of Egger’s test (p= .12) (Figure 5).

3.4 Effect of cannabis use on NGF levels

Ameta-analysiswas performed on four studies that reported quantita-

tive data onNGF levels in cannabis users. The pooled analysis revealed

a nonsignificant association between cannabis use and dysregulated

blood levels ofNGF (random-effectsmodel, SMD=−.60, 95%CI−1.43

to .23, p = .16) (Figure 3). High heterogeneity was observed among

the included studies (I2 = 91%). Publication bias could not be ade-

quately assessed due to the limited number of studies included in the

quantitative synthesis.

4 DISCUSSION

To the best of our knowledge, this is the first systematic review and

meta-analysis investigating the association between cannabis use and

BDNF and NGF blood levels. In this analysis, we found no significant

relationship between the dysregulation of BDNF or NGF levels and

cannabis use. The nonsignificant relationship between BDNF levels

and the source of sampling was consistent with the findings reported

by Mohanraj et al. (2023). In addition to our meta-analysis of the

included studies, it is imperative to approach the interpretation of the

nonsignificant effect of cannabis on BDNF levels with caution. This

caution is warranted due to the limited agreement among the stud-

ies included in the analysis, which stems from variations in cannabis
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Records iden�fied through 
database searching

(n =  483 )
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dedulc nI
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noitacifitnedI

Addi�onal records iden�fied 
through other sources

(n =  5 )

Records a�er duplicates removed
(n =  338 )

Records screened
(n =  338 )

Records excluded
(n =  313 )

Full-text ar�cles assessed 
for eligibility

(n =   25)

Full-text ar�cles excluded, 
with reasons

(n =   )

Studies included in 
qualita�ve synthesis

(n =  11 )

Studies included in 
quan�ta�ve synthesis 

(meta-analysis)
(n = 10 )

F IGURE 1 Preferred reporting items for systematic reviews andmeta-analyses (PRISMA) flow diagram.

F IGURE 2 Results of meta-analysis for the level of brain-derived neurotrophic factor (BDNF) levels in cannabis users.

use patterns among subjects, discrepancies in the biofluid analyzed

(serum vs. plasma), and differences in sample collection methods. Con-

sequently, conducting a feasible meta-analysis becomes challenging.

Given the notable lack of consensus among the analyzed studies,

we provided the qualitative review of the current state of knowl-

edge rather than pursuing a meta-analysis of neurotrophin content

in cannabis users. Furthermore, we included three additional studies

in our systematic review and also investigated the effect of cannabis
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F IGURE 3 Results of meta-analysis for the level of nerve growth factor (NGF) levels in cannabis users.

F IGURE 4 Subgroup analysis based on source of brain-derived neurotrophic factor (BDNF).

on NGF in addition to BDNF levels. Several factors, including clot-

ting duration, temperature, delay in blood sample centrifugation, and

use of anticoagulants, may influence the measurement of BDNF both

in plasma and serum (Amadio et al., 2017; Begliuomini et al., 2007).

Plasma BDNF is unstable compared to serum BDNF (Kishino et al.,

2001; Polyakova et al., 2017; Tsuchimine et al., 2014). In contrast,

serumBDNF level may be subject to the BDNF released from platelets

(Fujimura et al., 2002). These limitations may affect the results of

included studies and hence our analysis. Evidence suggests that BDNF

level is different among men and women (Lommatzsch et al., 2005;

Piancatelli et al., 2022). Moreover, sex hormones and menstrual peri-

ods are considered factors that may alternate the BDNF level and

function (Begliuomini et al., 2007; Chan & Ye, 2017; Pluchino et al.,

2013). Thus, we should note the impact of the higher percentage of

males in most included studies on the level of BDNF in our analy-

sis results. Conducting studies that report both serum and plasma

BDNF levels simultaneously and separately in men and women would

be elucidative in this regard. A previous meta-analysis by Green et al.

(2011) found that BDNF level is decreased in both drug-naïve and

drug-exposed patients with schizophrenia. Another meta-analysis by

Cui et al. (2012) reported the same results but evaluated this finding

as low-quality evidence. The available evidence supports that cannabis

use is a risk factor for developing schizophrenia, although the attribu-

tive mechanism is not thoroughly understood (Arseneault et al., 2004;

D’Souza et al., 2009; Henquet et al., 2005; Semple et al., 2005). A pre-

vious longitudinal study by Miguez et al. showed that group-based

trajectory modeling identified four distinct groups based on marijuana

usepatterns: naive individuals, starters, chronic users, andexperiment-

ing/quitters. Those who initiated marijuana use had similar levels of

m-BDNF compared to the control group. However, after adjusting for

confounding factors, itwas observed that younger adolescents showed

an increase in BDNF levels during experimentation and moderate
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F IGURE 5 Funnel plot.

marijuana use compared to controls. Older adolescents had a steeper

increase in endogenous BDNF levels, particularly during escalating

marijuana use (Miguez et al., 2019). Interestingly, we found no signif-

icant relationship in BDNF peripheral level among healthy cannabis

users compared to no-users. This outcome may imply that a decrease

in BDNF levels may not be the underlying cause of schizophrenia

development in cannabis users. However, it is important to acknowl-

edge that the lack of a follow-up for subjects in the studies included

weakens this interpretation. Therefore, additional research studies,

particularly longitudinal studies, are essential to investigate thismatter

further.

Medications used for schizophrenia treatment like antipsychotics

show an increase in BDNF levels in patients with schizophrenia (Fer-

nandes et al., 2015; Mosiołek et al., 2023), and cannabis use is thought
to be associated with worse outcomes in patients with psychosis and

schizophrenia (Bersani et al., 2002; Schoeler et al., 2016; Zammit et al.,

2008). Moreover, higher levels of BDNF are positively correlated with

a better course of disease in patients with schizophrenia (Asevedo

et al., 2013; Carlino et al., 2011; Zhang et al., 2012). Surprisingly, our

findings indicate that schizophrenia patients who use cannabis have

elevated BDNF levels as opposed to schizophrenia patients who do

not use cannabis. There are a few potential explanations for this unex-

pected outcome, such as a potential variance in how cannabis affects

patients who are taking antipsychotic medication or a limited number

of studies analyzed in this specific subgroup. In addition, Segal-Gavish

et al.’s (2017) research provides insight into an alternative explana-

tion, demonstrating that exposure to THC may cause a surge in BDNF

expression, which acts as a regulatory response against cannabis use.

To gain a better understanding of the relationship between cannabis

use and BDNF levels in patients with schizophrenia, further research is

necessary.

It is suggested that BDNF plays an important role in BD mainly

through neuroplasticity changes (Grande et al., 2010). In this regard,

genetic links of BDNF to BD are a promising field of research. BDNF

Val66Met polymorphism link to BD has been investigated in several

studies. Themeta-analysis by Kanazawa et al. (2007) found no associa-

tionbetween this polymorphismandBD,whereasFanandSklar (2008),

in a later meta-analysis, found a significant association in a more com-

prehensive review. The most recent analysis by Li et al. (2016) found a

significant association between BDNF polymorphism and BD in Euro-

peans unlike the Asians. Thus, the current state of the art suggests

that the link between the pathophysiology of BD and BDNF Val66Met

polymorphism remains controversial due to heterogeneous findings. In

contrast, the findings regarding BDNF peripheral level in patients with

BD are more constant. BDNF peripheral level was found to decrease

inmanic, depressive, and evenmixed episodes in several investigations

including multiple systematic reviews and meta-analysis (Fernandes

et al., 2011, 2015; Munkholm et al., 2016; Piccinni et al., 2015). More-

over, the stabilization of mood is correlated with the normalization of

BDNF peripheral level (Dias et al., 2009), and the factors like psycho-

logical stress that lead to a worse course of the disease are associated

with a lower level of BDNF (Fernandes et al., 2015; Kapczinski et al.,

2008). It is notable that a study by Barbosa et al. (2013) suggests an

increased peripheral BDNF level in patients with long-term BD prob-

ably due to antidepressant or mood stabilizer use. Cannabis use is

known to associated with earlier age of onset, higher rate of suicide

attempts, more disability, and greater risk for mixed episodes (Agrawal

et al., 2011; Leite et al., 2015). Among patients with BD, we found a

lower peripheral BDNF level in cannabis users in our meta-analysis.

This findingmay explain the cannabis use impact on patients with BD.

BDNF level is decreased in the nigrostriatal pathway of patients

withPD, and attempts to upregulateBDNF level by genemodulation or
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direct delivery ofBDNF topatients’ brainwereunsatisfactory (Howells

et al., 2000; Palasz et al., 2020). Furthermore, the severity of cogni-

tive impairment in patients with PD is linked to the peripheral BDNF

level (Wang et al., 2016). Additionally, a systematic review by Rah-

mani et al. found that peripheral BDNF level is decreased in patients

with PD (Angelucci et al., 2016). Physical exercise is considered neu-

roprotective for patients with PD probably due to causing an increase

in BDNF level (Angelucci et al., 2016; Palasz et al., 2020; Real et al.,

2013). Although some investigations suggest medical use of cannabis

in patients with PD (Balash et al., 2017; Venderová et al., 2004), a sys-

tematic review by Urbi et al. (2022) did not find certain evidence for

cannabis integration into PD treatment despite some potential bene-

fits. Moreover, another systematic review by Thanabalasingam et al.

(2021) is in agreement with aforesaid study. Interestingly, our findings

also indicate no significant relationship between alternation in BDNF

peripheral levels and cannabis use in patients with PD. This may clarify

the reasons that patients with PD probably do not benefit from using

cannabis.

When interpreting the results based on the past neuropsychiatric

history of subjects, caution must be exercised due to the limited num-

ber of included studies. It is important to note that neuropsychiatric

conditions can independently affect BDNF blood levels. Although the

link between cannabis use and NGF peripheral level in our meta-

analysis was nonsignificant, there is evidence suggesting NGF dysreg-

ulation in cocaine and heroin users, and moreover, the NGF peripheral

level changes are known to happen in a variety of psychological condi-

tions (Angelucci et al., 2007; Chen et al., 2015; Pedrotti Moreira et al.,

2019).

Onrell et al.’s systematic review and meta-analysis which investi-

gated BDNF level and substance use disorders found a relationship

between the dysregulation of BDNF and using alcohol or crack-

cocaine, and a possible relationship between BDNF peripheral levels

and the severity of drug dependence. Moreover, they found a general

decrease in peripheral BDNF levels of drug users by pooling the data

from several types of drug users, in contrast to our findings regard-

ing BDNF peripheral levels and cannabis use (Ornell et al., 2018). Our

review is strengthened by the development of a comprehensive sys-

tematic search protocol for obtaining up-to-date results from four

databases, increasing the accuracy and reliability of our conclusions.

In addition, we checked the supplementary data of studies in cases

where the required data was not disclosed in the full article text, and

we analyzed and assessed the confidence interval of each outcome.

Our study faced limitations. Differences in the duration of cannabis

use and severity of dependence of subjects among included stud-

ies and the use of concomitant treatments such as antipsychotics or

antidepressants, which may cause false attribution of some outcomes

to cannabis. Moreover, we acknowledge that the absence of subjects

with a definitive diagnosis of cannabis use disorder may limit the

strength of our findings, as individuals with more severe dependence

may exhibit more prominent symptoms and alterations in BDNF blood

levels. Additionally, it is worth noting that previous research has indi-

cated that the consumption of alcohol, psychedelics, and tobacco can

also disrupt BDNF expression (Colle et al., 2016; Hutten et al., 2020;

Silva-Peña et al., 2019), which is relevant in the context of cannabis

users who may use other substances as well (Fergusson & Horwood,

2000; Fergusson et al., 2006). This may have an impact on our find-

ings and should be considered another limitation of our study. Thus,

several aspects of heterogenicity are noted in our study. It is criti-

cal to keep in mind that when evaluating a factor such as BDNF that

has different levels in males and females, the resulting outcomes may

differ between genders, potentially influencing the reliability of our

findings. Hence, additional studies with higher levels of evidence are

needed to investigate cannabis link with neurotrophic factors more

accurately, and caution should be exercised when interpreting our

results.

To conclude, this study indicates that there is no significant rela-

tionship between cannabis use and BDNF or NGF peripheral levels.

The lack of association may be due to various factors, such as the neu-

ropsychiatric history and medication use of the participants. As the

available data is limited and the findings uncertain, we encourage fur-

ther investigations, particularly longitudinal studies that account for

the neuropsychiatric history of cannabis users.
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