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Prior studies reported an association between the levels of brain-derived neurotrophic factor 
(BDNF) circulating in the bloodstream and those of different inflammatory factors. However, their 
causal relationship remains unclear. Here, we performed a Mendelian randomization (MR) study to 
investigate the causal relationships between plasma BDNF levels and 91 circulating inflammatory 
proteins to shed light on the possible role of BDNF in the pathogenesis and progression of 
inflammation-related neurological diseases in order to distinguish correlation from possible causal 
effects. Data for plasma BDNF levels were derived from a genome-wide association study (GWAS) 
encompassing 3,301 European participants. Genetic association estimates for 91 inflammation 
proteins were extracted from a GWAS meta-analysis that enrolled 14,824 European participants. The 
primary MR analysis employed the inverse variance weighted (IVW) method and was corroborated 
by additional methods including MR-Egger, weighted median, weighted mode, and simple mode. 
Analyses of sensitivity were performed by evaluating the heterogeneity, horizontal pleiotropy, and 
robustness of the results. Genetic evidence indicated that elevated plasma BDNF levels possibly 
contribute to decreased concentrations of 13 inflammation proteins (OR: 0.951–0.977), including 
beta-nerve growth factor (Beta-NGF), caspase 8 (CASP-8), interleukin-15 receptor subunit alpha (IL-
15RA), interleukin-17 A (IL-17 A), interleukin-17 C (IL-17 C), interleukin-2 (IL-2), interleukin-20 (IL-20), 
interleukin-20 receptor subunit alpha (IL-20RA), interleukin-24 (IL-24), interleukin-33 (IL-33), leukemia 
inhibitory factor (LIF), neurturin (NRTN), as well as neurotrophin-3 (NT-3). The associations between 
BDNF and IL-33 remained statistically significant after FDR correction (FDR > 0.05). Furthermore, 
reverse MR analysis showed that C-C motif chemokine 23 (CCL23), CUB domain-containing protein 1 
(CDCP1), and NRTN is suggestive for a positive causal effect on BDNF plasma levels (OR: 1.240–1.422). 
Moreover, 5 proteins are likely to be associated with lower plasma levels of BDNF (OR: 0.742–0.971), 
including adenosine deaminase (ADA), cystatin D (CST5), interleukin-13 (IL-13), interleukin-17 A (IL-
17 A), and vascular endothelial growth factor A (VEGF-A). Genetically determined plasma BDNF levels 
influence IL-33 and are possibly associated with 12 circulating inflammatory proteins. The data suggest 
that 8 inflammatory proteins exhibit either negative or protective roles to BDNF levels, respectively. Of 
these, 5 are negatively associated with BDNF levels, while 3 play protective roles. These findings may 
offer new theoretical and empirical insights into the pathogenesis and progression of inflammation-
related neurological diseases.
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BDNF, a member of the neurotrophin family, and its precursor proBDNF are widely distributed across various 
brain regions including the cortex and hippocampus, and play critical roles in enhancing neurogenesis1,2, 
neuroprotection3, neuronal survival4, and synaptic plasticity5–7 in the developing and adult central nervous 
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system (CNS). BDNF levels in the brain decline with increasing age8. Moreover, low levels of BDNF lead to 
deficits in hippocampal and cortical neural plasticity and are associated with neurodegenerative disorders such 
as Alzheimer’s disease (AD)9, Parkinson’s disease (PD)10, and Huntington’s disease (HD)11. Similarly, BDNF 
levels in plasma decreased significantly with increasing age12,13, and low plasma BDNF levels are a correlate of the 
risk of developing AD14, mild cognitive impairment (MCI)14, as well as suicidal behaviour in major depression15. 
Central BDNF levels are known to be positively correlated with peripheral BDNF levels, and peripheral BDNF 
levels reflect central BDNF levels16–18. Chronic inflammation is well known to be associated with a broad 
spectrum of neurodegenerative diseases19,20. Sustained, chronic neuroinflammatory processes contribute to the 
onset and progression of neurodegenerative pathologies and other neurological conditions21,22. However, the 
potential effect of BDNF in modulating the levels of inflammation remains controversial.

Exogenous BDNF administration depressed microglial activation by lipopolysaccharide (LPS) injection in 
the substantia nigra in aged mice23. BDNF delivered to the CNS via the transformed bone marrow stem cells 
significantly reduced inflammatory infiltrating cells in the brain and spinal cord24. Moreover, pro-inflammatory 
cytokines (TNF-α) levels were significantly downregulated while anti-inflammatory cytokines (IL-10) levels 
were upregulated in both intranasal and intracerebral administration of BDNF in ischemic stroke mice25,26. In 
addition, Han et al. showed that BDNF overexpression in the hippocampus suppressed microglial activation and 
expression of TNF-α and IL-6 in streptozotocin-induced Type I diabetes27. In contrast to the aforementioned 
studies, a clinical study including 624 patients showed increased BDNF levels in patients with PD28, suggesting 
that elevated levels of BDNF may be involved in inflammation progression29, a discrepancy that may be attributed 
to the inherent complexities of observational studies and factors such as the stage of PD and the effects of 
pharmacological interventions. Furthermore, intrathecal injection of BDNF activated astrocytes and microglia, 
then increased the release of pro-inflammatory cytokines (TNF-α and IL-1β) in cystitis rat model30. In addition, 
a cohort study indicated that serum BDNF levels in AD patients were significantly lower than controls, but 
there was no significant difference in TNF-α and IL-1β among the groups, insinuating there was no correlation 
between BDNF and inflammation such as cytokines TNF-α and IL-1β31. These disparate conclusions might be 
attributable to the inherent complexity of observational studies, characterized by potential reverse causation bias 
and residual confounding.

Mendelian randomization (MR) is an approach that utilizes genetic variants as instruments to assess the 
causal effect of exposures on outcomes to enhance a causal inference32. Compared with traditional observational 
studies, causal estimates derived from MR analysis can minimize the effect of confounding factors on causal 
estimates because of the use of genetic variants. These are randomly assigned to the offspring during meiosis in a 
population, thus genetic variant allocation is not influenced by environmental or lifestyle factors33. Recently, two-
sample MR analysis has been applied to investigate the relationship between BDNF and neurological diseases, 
indicating that individuals genetically predisposed to higher plasma levels of BDNF are less likely to develop AD, 
non-traumatic intracranial haemorrhage, epilepsy, or focal epilepsy34–36. However, the associations of BDNF 
levels in plasma with those of different inflammatory proteins have not yet been investigated using this approach. 
Therefore, this study aimed to evaluate the causal effect between plasma BDNF levels and inflammatory proteins 
by performing two-sample MR analysis using pooled data from large-scale genome-wide association studies 
(GWAS).

Methods
Study design
An overview of the study design is illustrated in Fig. 1. Briefly, for the process of MR analysis, three assumptions 
must be satisfied: (1) relevance assumption: instrumental variables (IVs) are strongly correlated with the exposure 
of interest; (2) independence assumption: IVs must not be associated with confounders of the exposure-outcome 
association; (3) exclusivity assumption: IVs affect the outcome variable solely through their influence on the 
exposure. The analytic approach follows the STROBE-MR guidelines37. In forward analysis, we investigated the 
potential causal effect of circulating plasma BDNF levels on 91 inflammatory proteins, with plasma BDNF levels 
as the exposure factors and 91 circulating inflammatory proteins as the outcomes. Furthermore, we investigated 
the potential causal effect of circulating inflammatory proteins on plasma BDNF levels and the possibility of 
reverse causation in the reverse MR.

Data source
The GWAS data source for plasma BDNF levels is derived from a study including 3,301 European blood donors 
who were older than 18 years (accession numbers GCST90240466) and can be downloaded from the GWAS 
Catalog (https://www.ebi.ac.uk/gwas/)38. Most participants in the study were in good health, as the criteria for 
blood donation exclude anyone with a history of significant illnesses, such as heart attacks, strokes, cancer, HIV, 
or hepatitis B and C, as well as individuals who have recently been ill or had an infection. Researchers created and 
analyzed a detailed genetic map of the human plasma proteome using an enhanced version of the aptamer-based 
multiplex protein assay, which detected a total of 3,622 plasma proteins. The updated GWAS summary statistics 
for 91 inflammatory proteins were derived from a comprehensive genome-wide meta-analysis, in a sample of 
14,824 European ancestry individuals from 11 cohorts39. Inflammatory proteins were generated by measuring 
genome-wide genetic data and plasma proteomics data with the Olink Target-96 Inflammation immunoassay 
panel. GWAS analysis within each cohort was performed by applying an additive genetic association model based 
on linear regression, and the impact of inflammatory protein was reported as changes in normalized protein 
levels per allele copy. Adjustments for population substructure were made using genetic principal components, 
with covariates such as age and sex included to control for confounders. The data are publicly available in the 
EBI GWAS Catalog (accession numbers GCST90274758 to GCST90274848) and can be downloaded from ​h​t​t​p​s​
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:​/​/​w​w​w​.​p​h​p​c​.​c​a​m​.​a​c​.​u​k​/​c​e​u​/​p​r​o​t​e​i​n​s​​​​​. All data are publicly available, and ethical approval and informed consent 
have been obtained in original studies.

Instrumental variables selection criteria
To obtain a substantial number of single nucleotide polymorphisms (SNPs) and avoid excluding SNPs that 
may genuinely be associated with exposure, we did not use the traditional genome-wide significance threshold 
(P < 5 × 10− 8) owing to a small number of SNPs being included40. Instead, independent single nucleotide SNPs 
at the genome-wide significance level (P < 5 × 10− 5) were selected as IVs for BDNF, which was widely used in 
previous MR studies35,36. The SNPs strongly associated with 91 inflammatory factors (P < 1 × 10− 5) were selected 
as instrumental variables41. These SNPs were further pruned by a clumping r2 value of 0.001 within a 10,000 kb 
window to ensure the isolation of the instrumental variables42. The filtration criteria for instrumental variables 
differ between BDNF and inflammatory proteins due to variations in sample size in the GWAS datasets, the 
number of available SNPs, and their significance levels. To avoid inaccurate results stemming from an insufficient 
number of SNPs, different filtration criteria were performed. In addition, palindromic SNPs were excluded by 
harmonizing the exposure and outcome data. Finally, the F-value of each SNP was calculated, and SNPs with 
weak instrumental variables (F-value < 10) were excluded43.

Sensitivity analysis
A series of sensitivity tests were performed to confirm the robustness of the findings. Cochran’s Q test was 
employed to identify heterogeneity among the effect estimates of each SNP44. MR-Egger intercept test and MR 

Fig. 1.  Illustration of study design and instrumental variable assumptions underlying Mendelian 
randomization. Figure created in BioRender (2025) https://BioRender.com/s00k123.
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Pleiotropy Residual Sum and Outlier (MR-PRESSO) were deployed to investigate horizontal pleiotropy45,46. In 
addition, a leave-one-out analysis was conducted to evaluate whether the MR estimate was driven or biased by 
a single SNP. The final results were presented using scatter plots, forest plots, leave-one-out, and funnel plots.

Statistical analysis
We performed MR analysis to investigate the causal connections between plasma BDNF levels and 91 circulating 
inflammatory proteins using various established MR methodologies. The inverse-variance weighted method 
(IVW), which is considered the most effective analysis method using reliable IVs, was used as the main analysis 
technique in our study47, supplemented by other methods such as MR-Egger, weighted median, weighted mode, 
and simple mode for further analysis. The IVW method combines Wald estimates for each SNP and obtains an 
overall estimate of the exposure’s effect on the outcome48. If significant heterogeneity was detected (P < 0.05), we 
applied the random effects IVW model. Otherwise, the fixed-effect IVW model was utilized. MR-PRESSO test 
was employed to identify and correct for outliers in the IVW linear regression analysis.

A correlation was considered statistically significant if the P-value for the IVW was less than 0.05, other 
methods were performed to improve the reliability of causal inference46,49. False discovery rate (FDR) correction 
instead of the Bonferroni correction was performed to correct the false positive in genome wide association 
analysis, as Bonferroni is a highly stringent method that tends to identify only a small number of SNPs in MR 
analysis (typically < = 3 or < 5% of SNPs tested). MR Results with an FDR greater than 0.05 but a p-value less than 
0.05 were classified as nominally significant causal relationships, indicating potential emerging trends meriting 
further investigation. All analyses were performed by the R software (version 4.2.3), two-sample MR package 
(version 0.5.8), and MRPRESSO package (version 1.0).

Results
Causal associations of genetically predicted BDNF plasma levels with those of inflammatory 
proteins
To investigate the causal effect of genetically predicted BDNF plasma levels on the 91 circulating inflammatory 
proteins (outcome factors), a two-sample MR analysis was performed (Fig.  2, Supplement Table S1). Using 
the IVW method, we identified that genetically predicted plasma BDNF levels were associated with 13 of 
the 91 outcome factors (Fig.  3). Specifically, genetically predicted high plasma BDNF level was significantly 
associated with decreased levels of Beta-NGF (OR = 0.977, 95% CI = 0.956–0.999, P = 0.03765, PFDR=0.28555), 
CASP-8 (OR = 0.976, 95% CI = 0.954–0.998, P = 0.03314, PFDR=0.27416), IL-2 (OR = 0.968, 95% CI = 0.944–
0.992, P = 0.01269, PFDR=0.16721), IL-15RA (OR = 0.963, 95% CI = 0.938–0.988, P = 0.00431, PFDR=), IL-17 A 
(OR = 0.971, 95% CI = 0.946–0.997, P = 0.02667, PFDR=0.26299), IL-17  C (OR = 0.963, 95% CI = 0.939–0.987, 
P = 0.0027, PFDR=0.09809), IL-20 (OR = 0.963, 95% CI = 0.939–0.988, P = 0.00375, PFDR=0.09809), IL-20RA 
(OR = 0.971, 95% CI = 0.943–0.999, P = 0.04935, PFDR=0.34543), IL-24 (OR = 0.969, 95% CI = 0.945–0.993, 
P = 0.01348, PFDR=0.17520), IL-33 (OR = 0.951, 95% CI = 0.928–0.975, P = 0.00008, PFDR=0.00719), LIF 
(OR = 0.970, 95% CI = 0.944–0.996, P = 0.02287, PFDR=0.26018), NRTN (OR = 0.966, 95% CI = 0.940–0.992, 
P = 0.01102, PFDR=0.16721), as well as NT-3 (OR = 0.975, 95% CI = 0.954–0.997, P = 0.02890, PFDR=0.26299). 
The associations between BDNF and IL-33 remained statistically significant after FDR correction (FDR > 0.05). 
Supplementary Table S2 presents IVs for the BDNF plasma levels (P < 5 × 10− 5). MR-Egger regression, weighted 
median, weighted mode, and simple mode analyses also show the same trend, enhancing the overall robustness of 
the findings (Fig. 4). MR-Egger and MR-PRESSO tests (Supplement Table S3) revealed no evidence of horizontal 
pleiotropy, and no obvious heterogeneity was found according to Cochrane’s Q test. SNP effect sizes for predicted 
BDNF were visualized in scatter plots (Fig. 4) for the inflammatory proteins, and the forest plot (Supplementary 
Figure S1-S14) showed the causal association of each BDNF-related SNP on inflammatory proteins, and funnel 
plots (Fig. 4) revealed no significant heterogeneity among selected IVs (Supplementary Figure S1-S39). Leave-
one-out analysis showed that no single SNP was driving the bias of the estimates (Supplementary Figure S15-S26).

The causal effect of inflammatory proteins on BDNF levels
When considering 91 circulating inflammatory factors as exposures and the BDNF levels as outcomes, reverse MR 
analysis results are in Fig. 5 and Supplement Table S4. The IVW results showed a statistically significant negative 
correlation between plasma levels of ADA (OR = 0.905, 95% CI = 0.825–0.993, P = 0.03487, PFDR=0.39667), 
CST5 (OR = 0.742, 95% CI = 0.608–0.905, P = 0.00325, PFDR=0.29545), IL-13 (OR = 0.777, 95% CI = 0.624–
0.969, P = 0.02496, PFDR=0.39667), IL-17  A (OR = 0.773, 95% CI = 0.613–0.975, P = 0.0300, PFDR=0.39667), 
VEGF-A (OR = 0.971, 95% CI = 0.943–0.999, P = 0.01497, PFDR=0.39667) and those of BDNF. The results also 
showed positive associations between elevated levels of CCL23 (OR = 1.240, 95% CI = 1.018,1.510, P = 0.03248, 
PFDR=0.39667), CDCP1 (OR = 1.422, 95% CI = 1.071–1.888, P = 0.01483, PFDR=0.39667), NRTN (OR = 1.259, 
95% CI = 1.027–1.544, P = 0.02639, PFDR=0.39667) and increased BDNF levels in plasma (Fig. 6). However, the 
reliability of the genetically predicted effect of these 8 circulating inflammatory proteins on BDNF identified in 
the reverse MR analysis is not confirmed (FDR > 0.05). Supplementary Table S5 presents IVs for the 91 circulating 
inflammatory factors (P < 1 × 10− 5). The same trend was observed in MR-Egger regression, weighted median, 
weighted mode, and simple mode analyses, enhancing the overall robustness of the findings (Fig. 7). MR-Egger 
and MR-PRESSO tests (Supplement Table S6) revealed no evidence of horizontal pleiotropy, and no obvious 
heterogeneity was found according to Cochrane’s Q test. SNP effect sizes for predicted inflammatory proteins 
were visualized in scatter plots (Fig. 7) for the BDNF, and the forest plot (Supplementary Figure S27-S34) showed 
the causal association of each inflammatory proteins-related SNP on BDNF, and funnel plots (Fig. 7) revealed no 
significant heterogeneity among selected IVs. Leave-one-out analysis showed that no single SNP was driving the 
bias of the estimates (Supplementary Figure S35-S42).
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Discussion
In this study, we conducted a bidirectional MR study that offers a genetic insight into the potential causal 
relationship between plasma BDNF and 91 circulating inflammatory proteins. Our findings suggest that 
genetically predicted high plasma BDNF levels exhibited decreased levels of Beta-NGF, CASP-8, IL-2, IL-15RA, 
IL-17 A, IL-17 C, IL-20, IL-20RA, IL-24, IL-33, LIF, NRTN, and NT-3, with CDCP1 representing the strongest 
positive correlation based on standardized MR analysis. Furthermore, levels of CCL23, CDCP1, and NRTN are 
positively associated with the BDNF level. Conversely, CST5 exhibits the strongest negative association with 
BDNF levels, along with other factors such as ADA, IL-13, IL-17  A, and VEGF-A, which are also inversely 
related to BDNF levels. The sensitivity analyses support the robustness of these results.

Fig. 2.  Circle diagram of plasma BDNF on 91 circulating inflammatory proteins using the five methods (IVW, 
MR-Egger, weighted median, weighted mode, and simple mode).
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BDNF is the most widely distributed neurotrophin in the CNS and plays an important role in neurological 
diseases in which neuroinflammation appears to be highly implicated50,51. Traditionally, clinical studies 
quantifying BDNF levels were limited to measuring it in blood or cerebral spinal fluid52,53. Moreover, direct 
measurements of BDNF mRNA or protein in the brain can only be taken post-mortem54. However, BDNF may 
indirectly cross the blood-brain barrier (BBB) by retrograde axonal transport55,56, and peripheral BDNF levels 
reflect central BDNF levels57. Accordingly, peripheral BDNF levels are a feasible indicator of central protein 
expression. Since BDNF plays a critical role in the regeneration, survival, and maintenance of neuronal function58, 

Fig. 3.  MR analysis of plasma BDNF on 13 circulating inflammatory proteins by IVW method (P < 0.05).
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a relative increase in BDNF may act as a compensatory mechanism to minimize neuronal damage. However, 
schizophrenia patients are unable to produce sufficient amounts of BDNF to mitigate the inflammatory damage 
induced by IL-259, and a negative correlation between BDNF and IL-2 levels was observed in our study. Similarly, 
data from a cross-sectional study have shown that first-episode depression and recurrent depressive disorder 

Fig. 4.  Scatter and funnel plots of MR analyses for plasma BDNF in 13 circulating inflammatory proteins. 
Scatter plots illustrate individual IV associations with plasma BDNF versus individual IV associations with 13 
circulating inflammatory proteins in black dots and the funnel plots illustrate the IVW (blue line) and MR-
Egger (dark blue line) MR estimate of plasma BDNF SNP with 13 circulating inflammatory proteins (A-M).
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are associated with lower serum concentrations of BDNF and higher IL-2 levels60. IL-17 A, a pro-inflammatory 
cytokine, is the hallmark cytokine of T helper 17 (Th17) cell subset and is produced by Th17 cells, NK cells, 
NKT cells, and γδ-T cells61. In spinal cord injury patients, a higher level of BDNF was observed in the plasma 
within 24 h, and the elevated level of BDNF was strongly positively correlated with the percentage of NK cells, 
while, the production of IL-17 A was reduced during the early period of spinal cord injury62, which parallels our 
observations. LPS injection upregulated IL-33 expression in the amygdala, whereas IL-33 deficiency attenuated 
LPS-induced anxiety-like behaviour in mice via the γ-aminobutyric acid (GABA) circuit between the amygdala 
and the prefrontal cortex63. Moreover, BDNF levels were elevated in the amygdala of IL-33 deficient mice, while 
IL-33 suppressed BDNF expression through the NF-κB pathway63, which is consistent with our findings. In 
AD, the accumulation of β-amyloid (Aβ) leads to the formation of neuritic plaques outside nerve cells and 
neurofibrillary tangles inside nerve cells by hyperphosphorylated tau protein, disrupting physiological functions 
and resulting in synaptic dysfunction, neuronal loss, and microglial activation64; concomitantly, BDNF level 
was decreased in AD patients65,66. Exogenous IL-33 administration significantly polarized microglia toward 
an anti-inflammatory phenotype, reduced pro-inflammatory gene expression, and enhanced the phagocytic 
activity of microglia, thereby improving Aβ pathology in AD mice by promoting the recruitment of microglia 
and decreasing amyloid plaque deposition67,68. However, clinical observational studies have shown that AD 
patients with high IL-33 expression do not have lower levels of Aβ and tau69. Beta-NGF is a neurotrophic factor 
and neuropeptide primarily, which is decreased in major depressive disorder patients after antidepressant 
pharmacotherapy, while BDNF levels are increased70. Similarly, lower BDNF and higher NT-3 serum levels are 

Fig. 5.  Circle diagram of 91 circulating inflammatory proteins on plasma BDNF using the five methods (IVW, 
MR-Egger, weighted median, weighted mode, and simple mode).
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observed in depressed patients with schizophrenia71. Chronic stress reduced BDNF mRNA levels and increased 
NT-3 mRNA levels in the hippocampus72. Oxidative stress and inflammation are associated with the late phase 
of stroke, leading to the activation of CASP8 and increased CASP8 activity levels, whereas BDNF levels remain 
low73,74. The balance of BDNF and these factors may play a crucial role in inflammation-related neurological 
diseases.

MR results in this study indicate that genetically predicted high plasma BDNF levels are associated with 
decreased levels of pro-inflammatory makers such as IL-15RA, IL-17 C, IL-20, IL-20RA, IL-24, LIF, and NRTN. 
In reverse MR analyses, the levels of CCL23, CDCP1, and NRTN are positively associated, while ADA, CST5, 
IL-13, IL-17 A, and VEGF-A are negatively associated with the BDNF levels. So far the relationship between 
BDNF and these factors has not yet been addressed. IL-15RA, a high-affinity IL-15 binding protein expressed by 
glial cells and neurons throughout the brain, is essential for mediating IL-15 signalling75,76. Increased intrathecal 
production of IL-15 is observed in patients with multiple sclerosis77. Few papers describe the role of IL-17 C 
in humans or mice, and none involve the CNS78,79, Waisman, et al. concluded in their review that IL-17 C may 
indirectly contribute to CNS inflammation by acting on T cells rather than directly affecting the CNS80. The role 
of IL-20, IL-20RA, and IL-24 in the CNS remains unclear despite the reported expression by glial cells and an 
upregulation of IL-20 in the ischemic brain that may contribute to brain injury81. LIF is increasingly recognized 
as a potential therapeutic target for multiple sclerosis, as elevated expression of LIF receptor enhances regulatory 
T cell numbers, thereby contributing to the hyperactive immune system characteristic of the disease82. NRTN 
is a member of the glial cell line-derived neurotrophic factor family, which has been demonstrated to notably 
enhance dopaminergic neuron survival and behavioural function in animal models83,84. CCL23, a chemokine 
implicated in inflammation and host defence responses, has been frequently reported as a potential blood 
biomarker for mild cognitive impairment to AD progression85. Not uniquely, some research groups have 
considered CCL23 as a novel CC chemokine involved in human brain injury and a promising biomarker of 
injury in ischemic stroke patients86,87. Elevated level of CDCP1 was associated with higher risks of incident 
all-cause and AD dementia88. Adenosine deaminase acting on RNA1 (ADAR1) is a member of the ADAR 
family, which inducer alleviates the depressive-like behavior of chronic unpredictable stress mice by rescuing 
the decreased BDNF protein in the prefrontal cortex, hippocampus, and serum89. A decrease in plasma ADA 

Fig. 6.  MR analysis of 8 circulating inflammatory proteins on plasma BDNF by IVW method (P < 0.05).
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activity in patients with major depression, which correlated negatively with the severity of the illness, suggested 
that adenosine might be involved in the pathological changes associated with major depression90. ADA CST5 
was identified as the optimal biomarker for traumatic brain injury (TBI) due to its ability to differentiate between 
mild and severe injuries within the first hour of injury, effectively identifying patients with severe TBI from 
all other cohorts91. VEGF was noted to indirectly promote neurogenic effects by stimulating endothelial cell 
production and the release of BDNF, thereby supporting the survival and integration of new-born neurons in 
the adult songbird neostriatum92. IL-13 possesses anti-inflammatory properties and is markedly decreased in 
patients with acute severe stroke93. The results of this study suggest that genetically predicted high plasma BDNF 
levels might influence various inflammatory and neurotrophic factors, potentially impacting neurological health 
and disease. Specifically, reduced levels of certain interleukins and neurotrophic factors could affect immune 
signalling and brain injury responses. Increased levels of chemokines and other proteins linked to cognitive 
decline and dementia could highlight new biomarkers for these conditions.

Fig. 7.  Scatter and funnel plots of MR analyses for 8 circulating inflammatory proteins in plasma BDNF. 
Scatter plots illustrate individual IV associations with 8 circulating inflammatory proteins versus individual 
IV associations with plasma BDNF in black dots AND the funnel plots illustrate the IVW (blue line) and MR-
Egger (dark blue line) MR estimate of 8 circulating inflammatory proteins SNP with plasma BDNF proteins 
(A-H).
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IL-6 and C-reactive protein (CRP) are widely recognized as key biomarkers for neuroinflammation. 
However, our findings revealed no significant causal relationship between IL-6, CRP, and BDNF. Clinical 
studies investigating the causal relationships or interactions between the circulating cytokines IL-6 and CRP, 
and BDNF in neurological diseases (AD94 and HD95) yielded inconsistent findings. Circulating levels of IL-
6, CRP, and BDNF in AD patients have been controversial for several decade, and its significance regarding 
AD etiology remains unclear. Previous study suggested that there were no significant differences in IL-6 levels 
between the control group and both mild to moderate AD patients and severe AD patients96. While some studies 
reported higher plasma IL-6 levels in AD97, the relationship between AD severity and circulating IL-6 levels has 
been inconsistent98. Additionally, no differences in serum CRP and BDNF levels were observed between AD 
patients and control groups99. Post-mortem studies have revealed a reduction in BDNF levels and expression in 
several brain regions of AD patients, especially in the hippocampus and cortex65,66. However, other studies have 
reported inconsistent findings100,101. Since BDNF in the bloodstream is primarily found in platelets and released 
during clotting when serum is obtained102, variations in the release of BDNF from these platelets could explain 
inconsistencies among different studies. Furthermore, confounding elements, such as unreported drugs usage, 
comorbid conditions, and sleep issues, may also contribute to the variability in measured BDNF and circulating 
cytokines levels. In addition, methodological factors like the timing of blood collection, the delay between 
sample collection and analysis, and the effects of freeze-thaw cycles can also impact the results. Plasma IL-6 
levels were elevated in HD patients across all stages of the disease and increased with disease progression103. A 
study on cancer-related cognitive impairment also found a negative correlation between BDNF and plasma IL-6 
levels104. Conversely, Wertz et al.,105 demonstrated that IL-6 deficiency exacerbated behavioral phenotypes in 
an HD mouse model, leading to the dysregulation of several genes associated with synaptic function, including 
the BDNF receptor Ntrk2. These findings suggested that IL-6 may have played an early protective role in HD. 
A significant elevation in CRP levels was observed in pre-manifest HD patients compared to the control group, 
but this difference was not seen in those with manifest HD106. No significant difference in plasma BDNF was 
observed between the PD group and healthy controls106. In contrast, another study indicated that CRP levels 
were reduced in early HD107.

Our study is highly relevant for the following reasons: The two-sample MR design largely avoided 
confounding bias, reverse causation, and various biases compared with traditional observational studies. The 
population of exposure and outcome datasets are non-overlapping individuals of European ancestry, which can 
reduce the ethnic differences affecting the polymorphism of genes. A total of five MR analysis methods were 
applied to the evaluation of the consistency of causal effects. Multiple sensitivity analyses including Cochran’s Q, 
MR Egger, and MR PRESSO utilized in this MR study yielded robust evidence. Whereas, some limitations exist 
in this study. Since most of the participants in GWAS are of European origin, this may limit the extrapolation 
of research results to other populations. Clinical trials are not currently designed to test of association between 
BDNF and inflammation factors, making it difficult to evaluate the power of MR study. Insufficient data, 
including age and gender, are available, which hinders in-depth analysis. Additionally, confounding factors 
could arise if these genetic variants are associated with other unmeasured variables that in turn influence the 
outcome. Furthermore, these variants can correlate with various environmental or lifestyle factors that also 
impact the outcome, introducing potential common causes that violate the assumption of independence and 
can lead to biased estimates. More animal or human trials are needed to explore the relationship between BDNF 
and inflammation.

Conclusion
In summary, the MR analysis indicated that genetically predicted plasma BDNF levels are causally linked to 
IL-33, and possibly to 12 circulating inflammatory proteins (Beta-NGF, CASP-8, IL-2, IL-15RA, IL-17 A, IL-
17 C, IL-20, IL-20RA, IL-24, LIF, NRTN, and NT-3) shown to be differently involved in the pathogenesis or 
outcome of several neurological diseases. Reverse analysis suggested 3 inflammatory proteins (CCL23, CDCP1, 
and NRT) to be positively correlated with BDNF levels, which may enhance immune responses, contribute 
to neuroprotection, and support neuron survival, and 5 proteins (ADA, CST5, IL-13, IL-17 A, and VEGF-A) 
likely to be negatively correlated with BDNF levels that could reduce inflammation, affect brain injury recovery, 
and impair angiogenesis and neurogenesis. Our study offers new insights into the role of BDNF in regulating 
the levels of circulating inflammatory proteins and paves the way for future research and the development of 
therapeutic strategies in inflammation-related neurological diseases.

Data availability
The data analyzed in this study are all publicly available. The GWAS data source for plasma BDNF levels (ac-
cession numbers GCST90240466) can be downloaded from the GWAS Catalog (https://www.ebi.ac.uk/gwas/). 
The GWAS summary statistics for 91 inflammatory proteins are publicly available in the EBI GWAS Catalog 
(accession numbers GCST90274758 to GCST90274848) and can be downloaded from ​h​t​t​p​s​:​/​/​w​w​w​.​p​h​p​c​.​c​a​m​.​a​
c​.​u​k​/​c​e​u​/​p​r​o​t​e​i​n​s​.​​
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