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Abstract

Background

Fibromyalgia (FM) is a form of chronic pain disorder accompanied by several tender points,

fatigue, sleeping and mood disturbances, cognitive dysfunction, and memory problems.

Brain-derived neurotrophic factor (BDNF) is also a mediator of neurotrophin for many activ-

ity-dependent processes in the brain. Despite numerous research studies investigating

BDNF in FM, contradictory results have been reported. Thus, we investigated the overall

effect shown by studies to find the association between peripheral BDNF concentrations

and its gene polymorphisms with FM.

Methods

A systematic search in online international databases, including PubMed, Cochrane Library,

Embase, the Web of Science, and Scopus was performed. Relevant studies assessing

BDNF levels or gene polymorphism in patients with FM and comparing them with controls

were included. Case reports, reviews, and non-English studies were excluded. We con-

ducted the random-effect meta-analysis to estimate the pooled standardized mean differ-

ence (SMD) or odds ratio (OR) and 95% confidence interval (CI).

Results

Twenty studies were found to be included composed of 1,206 FM patients and 1,027 con-

trols. The meta-analysis of 15 studies indicated that the circulating BDNF levels were
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significantly higher in FM (SMD 0.72, 95% CI 0.12 to 1.31; p-value = 0.02). However, no dif-

ference between the rate of Val/Met carrier status at the rs6265 site was found (p-value =

0.43). Using meta-regression, the sample size and age variables accounted for 4.69% and

6.90% of the observed heterogeneity of BDNF level analysis, respectively.

Conclusion

Our meta-analysis demonstrated that FM is correlated with increased peripheral BDNF lev-

els. This biomarker’s diagnostic and prognostic value should be further investigated in future

studies.

1. Introduction

Fibromyalgia (FM) is a chronic, centralized pain syndrome characterized by disordered pro-

cessing of painful stimuli with a higher frequency among women [1]. It is accompanied by sev-

eral tender points, fatigue, sleeping and mood disturbances, memory problems, and cognitive

dysfunction. FM is the second most common rheumatic disorder after osteoarthritis and

affects 2–8% of the general population, with a greater frequency among women [2–4]. Despite

the ongoing efforts to develop more objective criteria for diagnosing FM [4–6], criteria are still

subjective, and symptoms are nonspecific and overlap with other rheumatological diseases [7,

8]. Currently, there is no reliable laboratory marker to diagnose FM [5, 9].

Although the definite pathophysiology of FM remains elusive, FM often coexists with over-

lapping conditions termed "central sensitivity syndromes", such as chronic fatigue syndrome.

It is thought to rely on altered neuroplasticity that induces pain amplification. This might be

raised by increased excitability of central nervous system mechanisms regardless of peripheral

inflammation or neural lesion, leading to pain hypersensitivity [10–14]. Therefore, it has been

postulated a possible role for neuroplasticity mediators in the pathophysiology of FM.

Brain-derived neurotrophic factor (BDNF), as a member of the neurotrophin family, medi-

ates the regulation of synaptic plasticity, promoting the growth, survival, and development of

neurons [15–18]. BDNF has been suggested in the transmission and modulation of pain [19],

facilitating glutamatergic excitability while inhibiting gamma-aminobutyric acid (GABA)ergic

responses [20]. Higher levels of BDNF can induce hyperalgesia via N-methyl-D-aspartate

(NMDA) receptor-dependent pathways [21, 22] and are related to a lower pressure-pain

threshold in FM [23].

BDNF shows sensitizing capacity in numerous levels of the pain pathways, such as spinal

cord neurons, peripheral nociceptors, and the brain [16]. BDNF gene is also located on chro-

mosome 11p14.1 with epigenetic control for its expression [24]. Single nucleotide polymor-

phism is the most often studied gene polymorphism. The G to A transition at position 196 in

exon 5 of rs6265 (BDNF gene) leads to a substitution of valine (Val) with methionine (Met) at

BDNF peptide sequence precursor codon 66, commonly referred to as Val66Met [25]. Subse-

quently, the Met allele can impair the extracellular BDNF levels regulation [26].

Several studies have investigated circulatory BDNF among FM patients compared to

healthy individuals. There are discrepancies in the results found by the studies since some

reported higher levels of BDNF in patients with FM, some reported lower levels, and some did

not find any significant difference. A previous systematic review of seven studies showed that

peripheral circulatory BDNF levels are higher in patients with FM [8]. Nevertheless, more

recent studies reported either no significant difference or lower BDNF when comparing FM
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and healthy control groups [27–29]; moreover, the association between BDNF gene polymor-

phism and FM was not assessed. Hence, the profile of BDNF associated with FM remains to be

determined. Building upon the existing knowledge gaps and controversies surrounding BDNF

in FM, the primary aim of our current study is to systematically investigate the potential corre-

lation between peripheral BDNF levels and its gene polymorphisms with FM. We wanted to

examine whether BDNF is associated with FM or has any role in diagnosis, prognosis, and

quality of life in patients with FM.

2. Methods

2.1. Search strategy

Our systematic review was performed with adherence to Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses (PRISMA) [30] guidelines (S1 Table). A systematic com-

prehensive search in international online databases, including PubMed, Embase, the Web of

Science, Scopus, and Cochrane Library was performed in July 2023. Keywords used were

“brain-derived neurotrophic factor” AND “fibromyalgia” and other relevant keywords, which

were described in detail in S2 Table. No filters or limitations were applied to the search. The

protocol of our current review was registered at PROSPERO (CRD42022361602).

2.2. Inclusion and exclusion criteria

The inclusion criteria for our review were: 1) studies reporting BDNF serum, plasma, or cere-

brospinal fluid (CSF) levels in FM and controls and 2) studies investigating BDNF rs6265 gene

polymorphism, as the most studied gene polymorphism, in patients with FM and controls.

Also, we excluded: 1) studies not having a control group without FM; 2) studies without

reporting BDNF levels (the corresponding authors were contacted, and if no data could be

obtained the study was excluded); 4) case reports, conference abstracts, and reviews; and 3)

non-English investigations.

2.3. Screening

After removing duplicates from the initial search, two reviewers (AHB and AK) independently

evaluated titles/abstracts for relevant studies. Then, full texts of studies were assessed for

included studies, and in case of any controversy, a discussion with the third reviewer (PS)

determined the decision. Finally, references to the included studies were screened.

2.4. Data extraction

Using a pre-defined sheet, two authors (AHB and AK) extracted the studies’ data indepen-

dently, including 1) basic study details (First author’s name, publication location, and year); 2)

the baseline demographic features of the studied population (mean age, sample size, and gen-

der distribution in FM and control groups); 3) serum and/or plasma BDNF levels in each

study group; 4) BDNF levels in CSF in each group; 5) BDNF gene (rs6265) polymorphism

alleles in each group. In cases where data on BDNF levels were not explicit, we contacted the

corresponding authors.

2.5. Quality assessment

The “Newcastle-Ottawa Quality Assessment Scale” (NOS) for observational studies was used

for the investigation of the qualities of the included studies [31]. Two independent authors

(AHB and AK) performed the quality assessment. In case of any disagreement, an investiga-

tion by the third reviewer (PS) resolved it. The NOS includes three main categories of bias
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including selection, comparability, and outcome. Scores of 9–10, 7–8, 5–6, and less than 5

were considered “very good”, “good”, “satisfactory”, and “unsatisfactory”, respectively.

2.6. Statistical analysis

Random-effect meta-analysis of BDNF concentrations in FM and control groups was con-

ducted to estimate the standardized mean difference (SMD) and 95% confidence interval (CI).

For the gene polymorphism meta-analysis, the odds ratio (OR) and 95% CI were used to com-

pare the Met/Val genes in each group. The p-values <0.05 were chosen as the statistically sig-

nificant cutoff. The quality of evidence and strength of recommendations were assessed based

on the GRADE approach that incorporates five domains: risk of bias, inconsistency, indirect-

ness, imprecision, and publication bias [32].

Wherever median and range or median and interquartile range were reported in the stud-

ies, we converted them to mean and standard deviations (SDs) using the methods suggested

by Luo et al. and Wan et al. [33, 34]. Moreover, combining means and SDs was done when

needed based on the Cochrane Handbook suggestion [35].

Higgins’ I-square test based on Cochrane’s Q was used for the calculation of heterogeneity.

Heterogeneity of�25%, 26–75%, and�75% were used as thresholds for low, moderate, and

high heterogeneity, respectively. The high heterogeneity among studies led to the use of ran-

dom-effect meta-analysis (DerSimonian and Laird) [36]. Sensitivity analysis was done by omit-

ting each study (leave-one-out) and investigating the effect on total effect size. Identification of

outliers via Galbraith plots was also performed to identify possible outliers. Additionally,

meta-regression based on the sample size, publication year, and mean age was also conducted

to identify the source of variance among the studies analyzed. Finally, visual inspection of fun-

nel plots for possible asymmetry in addition to statistical tests of Begg’s and Egger’s were used

for the assessment of publication bias [37, 38].

3. Results

3.1. Study characteristics

Our search resulted in 404 records from PubMed (n = 53), Web of Science (n = 74), SCOPUS

(n = 113), Embase (n = 137), and Cochrane Library (n = 27). After removing duplicate studies

and excluding reports not eligible for this study, 20 studies were included in this review com-

posed of 1,206 patients with FM and 1,027 controls [28, 29, 39–56]. A PRISMA flow chart is

available in Fig 1. Nine studies were conducted in Brazil [29, 40–44, 53, 54, 56], two in Italy

[28, 49], two in Germany [47, 52], and one study in each of the following countries: Iran [39],

Egypt [51], Sweden [55], Korea [45], Belgium [46], Turkey [50], and the United States [48].

Thirteen studies only included females [29, 39–44, 46, 52–56]. Studies evaluated BDNF gene

polymorphism [44–46, 48] and/or BDNF concentration in the serum [28, 29, 39–43, 46, 47,

50–53], plasma [54–56], or CSF [49]. American College of Rheumatology (ACR) guidelines of

1990 [57], 2006 [58], 2010 [59], and 2016 [60] were used in six [45, 47, 49, 52, 54, 55], one [56],

seven [29, 41–43, 46, 51, 53], and five studies [28, 29, 39, 40, 44], respectively. Details of these

included studies in our study are presented in Table 1. All studies were “good” or “very good”

given their NOS quality assessment scores. Table 2 provides the details of the quality assess-

ment based on NOS scores.

3.2. Circulatory BDNF levels in patients with FM vs. controls

3.2.1. Meta-analysis and subgroup analysis. Fifteen studies assessing blood (serum or

plasma) BDNF levels were used for the meta-analysis. The studies by Deitos et al. [43] and
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Cardinal et al. [40] had the same population of FM patients; therefore, we included the latter

due to the larger sample size. The meta-analysis found that BDNF was significantly higher in

FM compared to controls (SMD 0.72, 95% CI 0.12 to 1.31; p-value = 0.02; I2 = 94.40%; Fig 2).

This result had a high level of heterogeneity.

Subgroup analysis based on serum or plasma BDNF levels was conducted, and three and 12

studies measured peripheral BDNF levels, respectively. Both plasma-measured and serum-

measured BDNF were statistically higher in FM patients (SMD 0.42, 95% CI 0.11 to 0.73, I2 =

0%; and SMD 0.80, 95% CI 0.06 to 1.55, I2 = 95.54%, respectively) (Fig 2). As a result of this

subgroup analysis, the heterogeneity (I2) was reduced in the plasma subgroup of studies.

A subgroup of studies that focused on BDNF levels of female patients was analyzed. From

the 10 studies, despite high heterogeneity, it was shown that female FM patients had signifi-

cantly higher peripheral BDNF compared to healthy female controls (SMD 0.77, 95% CI 0.30

to 1.24; p-value<0.01, I2 = 87.64%, Fig 3). Moderate quality of analyses was observed based on

the GRADE approach, due to high inconsistency which stems from the high heterogeneity

observed (Table 3).

3.2.2. Sensitivity analysis and outlier detection. Sensitivity leave-one-out analysis was

conducted by omitting each of the individual studies for BDNF levels, without affecting the

overall pooled result. Galbraith plot was designed for BDNF levels and gene polymorphism.

For the former one, the studies by Fawzy et al. [51] and Iannuccelli et al. [28] had an outlier

effect (S1 Fig). The analysis without this study revealed a significantly higher peripheral BDNF

level in FM patients (SMD 0.72, 95% CI 0.31 to 1.13; p-value <0.01) (S2 Fig).

3.2.3. Publication bias. The funnel plot did not show any apparent asymmetry for BDNF

levels meta-analysis in patients with FM vs. healthy controls (S3 Fig). However, both Egger’s

Fig 1. Flow PRISMA diagram representing the selection process of eligible studies.

https://doi.org/10.1371/journal.pone.0296103.g001
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Table 1. Characteristics of studies evaluating the relation between BDNF levels/gene polymorphism and FM.

Author Year Design Location FM Control N

total

N

FM

Age BMI %

Female

Main Findings Source

Alves et al. 2020 Cross-

sectional

Brazil Previous

diagnosis of FM

in women older

than 18 according

to 2016 ACR

criteria

No chronic pain,

FM, systemic lupus

erythematosus,

arthrosis,

rheumatoid

arthritis, or use of

antidepressant

drugs

216 108 49.8 ± 9.5 27.6 ± 4.8 100 The frequency of the

Val allele was

significantly higher in

patients with FM

(90.3%) compared to

controls (83.8%)

(P = 0.045).

Gene

Bidari et al. 2022 Case-

control

Iran New diagnosis of

FM according to

2016 ACR criteria

Non-FM chronic

pain and no

concurrent

diagnosis of FM

73 50 46.7 ± 10.2 NR 100 Patients with FM tended

to have lower serum

BDNF levels compared

to controls

(5293.5 ± 2676.3 pg/ml

vs. 6136.3 ± 4037.6;

P = 0.77).

Serum

Cardinal

et al.

2019 Cohort Brazil FM diagnosis

according to 2016

ACR and VAS

�50mm on most

days of the last

three months

Absence of any

diagnosis of acute

or chronic disease

or medication use

45 17 46.3 ± 11.6 26.0 ± 5.0 100 BDNF levels were

significantly higher in

patients with FM

compared to healthy

controls (49.82 ± 16.31

ng/ml vs. 18.04 ± 10.19;

P<0.001).

Serum

Caumo et al. 2016 Cross-

sectional

Brazil FM diagnosis

according to 2010

ACR criteria

Pain-free controls

without the use of

medications

33 19 42.8 ± 9.7 28.1 ± 5.7 100 Higher levels of serum

BDNF in patients with

FM (50.78 ± 16.06 ng/

ml) compared to

healthy controls

(19.00 ± 8.79).

Serum

Deitos et al. 2018 RCT Brazil FM diagnosis

according to 2010

ACR criteria

Pain-free healthy

controls

27 17 48.0 ± 9.0 28.7 ± 6.3 100 Serum BDNF levels

were significantly higher

in patients with FM

compared to healthy

controls (49.8 + 16.3 ng/

ml vs. 14.8 ± 6.9;

P<0.01).

Serum

Elkfury et al. 2021 Cross-

sectional

Brazil FM diagnosis

according to 2010

ACR criteria and

VAS� 40mm

associated with

disability

Pain-free healthy

controls without

the use of

medications

39 20 - 27.2 ± 4.7 100 Compared to healthy

controls, patients with

FM had higher serum

BDNF levels (27.5 ± 4.1

ng/ml vs. 23.7 ± 6.2;

P = 0.029).

Serum

Fawzy et al. 2015 Cross-

sectional

Egypt FM diagnosis

according to 2010

ACR criteria

Age- and sex-

matched healthy

volunteers

50 30 34.0 ± 1.31 NR 86 Patients with FM had

significantly higher

levels of BDNF

compared to healthy

controls

(25031.5 ± 3684.29 ng/

ml vs.

13526.1 ± 3394.35).

Serum

Haas et al. 2010 Cross-

sectional

Brazil FM diagnosis

according to 2006

ACR criteria

Age- and sex-

matched healthy

controls

60 30 46.3 ± 9.3 NR 100 Higher plasma BDNF

levels in patients with

FM compared to the

control group

(167.1 ± 171.2 pg/ml vs.

113.8 ± 149.6;

P = 0.049).

Plasma

(Continued)
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Table 1. (Continued)

Author Year Design Location FM Control N

total

N

FM

Age BMI %

Female

Main Findings Source

Iannuccelli

et al.

2022 Cross-

sectional

Italy FM diagnosis

according to 2016

ACR criteria

Sex-matched

healthy controls

80 40 48.2 ± 8.8 25.1 ± 2.1 50 BDNF levels were

significantly lower in

FM patients compared

to healthy controls

(3.25 ± 1.96 ng/ml vs.

8.5 ± 3.6; P<0.001).

Serum

Jablochkova

et al.

2019 RCT Sweden FM diagnosis

according to 1990

ACR criteria

Age-matched and

pain-free women.

100 75 50.0 ± 8.5 26.8 ± 4.7 100 Plasma levels of BDNF

were significantly higher

in patients with FM

compared to healthy

controls (1553.3

[2323.8] pg/ml vs. 671.6

[2250.2]; P = 0.001).

Plasma

Laske et al. 2007 Pilot Germany FM diagnosis

according to 1990

ACR criteria

Controls without

known major

depression,

depressive episode

or use of

antidepressant

86 41 51.2 ± 9.6 NR 90.7 Serum BDNF levels

were significantly higher

in patients with FM

(19.6 ± 3.1 ng/ml vs.

16.8 ± 2.7; P<0.0001).

Serum

Martin et al. 2018 Case-

control

Brazil FM diagnosis

according to 1990

ACR criteria

Chronic pain in

the same age group

of patients

24 13 45.9 ± 4.3 NR 100 In pre-treatment

measurement, BDNF

plasma concentrations

had no significant

difference

(40.25 ± 16.35 ng/ml in

controls and

46.57 ± 13.45 in patients

with FM; P = 0.389)

Plasma

Nugraha

et al.

2013 Cross-

sectional

Germany FM diagnosis

according to 1990

ACR criteria

Age-matched

healthy controls

without chronic

pain

55 28 53.7 ± 1.1 NR 100 BDNF concentration

was significantly higher

in patients with FM

compared to healthy

controls (15,557.6

[13218.20] pg/ml vs.

20,814.00 [7,152.75]; P

<0.05).

Serum

Park et al. 2018 Cross-

sectional

Korea FM diagnosis

according to 1990

ACR criteria

No history of

chronic pain

without matching

for age or sex

827 408 46.8 ± 11.7 NR 93.6 No significant

difference was seen in

genotype and allele

prevalence between

patients with FM and

healthy controls.

Gene

Polli et al. 2020 Cross-

sectional

Belgium FM diagnosis

according to

modified 2010

ACR criteria

Matched for age

and physical

activity healthy

controls

54 28 49.9 ± 10.2 24.5 ± 4.1 100 BDNF protein

expression was

significantly higher in

patients with FM

(17.75 ± 4.48 ng/ml vs.

14.89 ± 3.55; P = 0.003).

In addition, no

significant between-

groups differences were

showed in the

prevalence of gene

polymorphism. No

association between

polymorphism and

protein expression were

showed.

Serum

and

Gene

(Continued)
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and Begg’s statistical tests suggest the presence of publication bias in BDNF-level analysis (p-

value <0.01 and p-value = 0.04, respectively).

3.2.4. Meta-regression. We conducted meta-regression analyses to explore the potential

sources of the variance observed among the studies included in the analysis. The univariable

meta-regression model did not determine any relationship between sample size, publication

year, or age with either BDNF levels. In addition, the sample size and age variables accounted

for 4.69% and 6.90% of the observed variance among the studies, respectively (S3 Table and

S4–S6 Figs).

3.3. BDNF gene polymorphism in FM patients vs. controls

3.3.1. Meta-analysis. The Val/Met gene polymorphism at the rs6265 site was analyzed as

the most gene polymorphism investigated in FM. There was no difference between the rate of

Table 1. (Continued)

Author Year Design Location FM Control N

total

N

FM

Age BMI %

Female

Main Findings Source

Ranzolin

et al.

2016 Cross-

sectional

Brazil FM diagnosis

according to 2010

and 2016 ACR

criteria

Age-matched

healthy controls

without acute or

chronic pain

130 69 44.3 ± 6.6 NR 100 Study showed no

difference between

serum BDNF

concentration of

patients with FM and

healthy controls (FM:

30.8 [21.8–37.1] vs.

controls: 30.7 [21.1–

35.4]; P = 0.595).

Serum

Sarchielli

et al.†
2007 Cross-

sectional

Italy FM diagnosis

according to 1990

ACR criteria

Age-matched

controls not taking

medications for at

least two months

40 20 40.8 ± 5.6 NR 22.5 Significantly higher

levels of CSF BDNF

levels were found in FM

patients compared to

controls (39.4 ± 6.7 pg/

ml vs. 11.3 ± 3.4;

P<0.001)

CSF

Stefani et al. 2019 Cross-

sectional

Brazil FM diagnosis

according to 2010

ACR and VAS

�40mm that

lasted more than

three months with

functional

disability

Pain free

volunteers without

CNS

complications

96 79 - NR 100 Higher BDNF levels

were seen in patients

with FM compared to

healthy controls

(41.23 ± 20.03 pg/ml vs.

20.49 ± 8.82).

Serum

Taşkin et al. 2008 Cross-

sectional

Turkey Previously

diagnosed FM

Healthy controls 45 19 38.1 ± 7.8 NR 86.7 Non-significant lower

levels of BDNF were

found in FM patients

(30.75 ± 8.94 ng/ml)

compared to healthy

controls (31.42 ± 8.85).

Serum

Xiao et al. 2012 Cross-

sectional

United

states

FM diagnosis

according to ACR

criteria

Healthy controls

that they had not

sought medical

care because of

pain during the

previous 5 years

153 95 47.3 ± 11.0 32.8 ± 9.1 89.5 The study found that

genotype and allele

frequency were not

significantly different

between patients with

FM and healthy

controls.

Gene

† This study was not included in meta-analyses. FM, fibromyalgia; ACR, American College of Rheumatology; VAS, visual analog scale; BDNF, brain-derived

neurotrophic factor; RCT, randomized controlled trial; CSF, cerebrospinal fluid; CNS, central nervous system.

https://doi.org/10.1371/journal.pone.0296103.t001
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Val/Met carrier status in FM patients and healthy controls in spite of higher Val carriers in FM

patients (OR 1.31, 95% CI 0.67 to 2.58, p-value = 0.43, I2: 80.56%). This was associated with

high heterogeneity (Fig 4). Table 3 shows the GRADE assessment of evidence quality which

shows moderate quality for this analysis on gene polymorphisms.

3.3.2. Sensitivity analysis and outlier detection. Sensitivity analysis by the leave-one-out

method did not show any effect on the overall pooled estimate in BDNF gene polymorphism

meta-analysis. Moreover, the Galbraith plot for the polymorphism did not show any outlier

(S7 Fig).

3.3.3. Publication bias. Funnel plots did not show any apparent asymmetry for this meta-

analysis (S8 Fig). Similarly, no significant evidence of publication bias was observed for gene

polymorphism analysis (p-value = 0.63 and p-value = 1.00, respectively).

3.3.4. Meta-regression. In the gene polymorphism analysis, none of the variables, includ-

ing sample sizes, mean age, or publication year had a significant relationship with the pooled

effect size. Moreover, none of the variables could reduce the variance except for the publication

year, which reduced the total variance by 38.29% (S3 Table and S9–S11 Figs).

3.4. CSF levels of BDNF in FM and controls

Only one study investigated the BDNF CSF levels in the FM [49]. In the comparison between

20 primary FM syndrome patients and 20 healthy controls, BDNF was higher in FM patients

in comparison with controls (47.2 ± 2.65 pg/ml vs. 13.7 ± 2.7 pg/ml, p-value <0.001).

3.5. BDNF and population characteristics

None of the studies that evaluated the relationship between BDNF levels and age in patients

with FM found any significant correlation [39, 46, 47, 50–52, 54, 56]. Iannuccelli and

Table 2. Quality Assessment of Included Studies Based on Newcastle-Ottawa Scale (NOS).

Study Selection Comparability Outcome Overall Score

Representation Sample size Non-Respondents Exposure Outcome Statistical test

Alves et al. (2020) * * * ** ** ** * 10

Bidari et al. (2022) * * * ** - ** * 8

Cardinal et al. (2019) * * * ** - ** * 8

Caumo et al. (2016) * * * ** - ** * 8

Deitos et al. (2018) * * * ** - ** * 8

Elkfury et al. (2021) * * * ** ** ** * 10

Fawzy et al. (2015) * * * ** ** ** * 10

Haas et al. (2010) * * * ** ** ** * 10

Iannuccelli et al. (2022) * * * ** ** ** * 10

Jablochkova et al. (2019) * * * ** * ** * 9

Laske et al. (2007) * * * ** ** ** * 10

Martin et al. (2018) * * * ** - ** * 8

Nugraha et al. (2013) * * * ** * ** * 9

Park et al. (2018) * * * ** - ** * 8

Polli et al. (2020) * * * ** ** ** * 10

Ranzolin et al. (2016) * * * ** * ** * 9

Sarchielli et al. (2007) * * * ** * ** * 9

Stefani et al. (2019) * * * ** - ** * 8

Taşkin et al. (2008) * * * ** - ** * 8

Xiao et al. (2022) * * * ** - ** * 8

https://doi.org/10.1371/journal.pone.0296103.t002
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colleagues [28] reported that male FM patients had significantly lower levels of serum BDNF

compared to female FM patients (4.72 ± 2.4 vs 1.82 ± 1.4, p-value < 0.0001). On the other

hand, Laske et al. [47] and Taskin et al. [50] found no significant gender differences in FM

patients (p-value = 0.8, p-value = 0.935).

Three studies conducted by Haas et al. [56], Laske et al. [47], and Nugraha et al. [52]

revealed that there was no significant correlation between BDNF levels (in plasma, serum, and

serum, respectively) and illness duration in patients with FM (r = -0.05; p-value = 0.79, r = 0.1;

p-value = 0.3, r = 0.115; p-value = 0.498). However, another study by Sarchielli et al. [49]

showed that CSF levels of BDNF were significantly correlated with the duration of FM (years)

and the number of days with pain per month (r = 0.57, p-value = 0.01, and r = 0.55, p-

value = 0.02).

3.6. BDNF and quality of life

Bidari et al. [39] found that as the serum level of BDNF decreased, the scores of several scales

evaluating a patient’s quality of life increased, including the pain Visualized Analog Scale

Fig 2. Forest plot representing the meta-analysis and subgroup analysis (serum/plasma) of BDNF levels in fibromyalgia patients compared to controls.

https://doi.org/10.1371/journal.pone.0296103.g002
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Fig 3. Forest plot representing the female subgroup meta-analysis of BDNF levels in fibromyalgia patients compared to controls.

https://doi.org/10.1371/journal.pone.0296103.g003

Table 3. Summary of the GRADE quality of evidence assessment.

Quality Assessment Number of

Patients

SMD/OR (95% CI) Quality

# Studies Risk of Bias Inconsistency Indirectness Imprecision Publication Bias FM Control

FM vs. Healthy Controls (All studies)

15 Not serious Serious Not serious Not serious Not serious 558 412 SMD ����Moderate†

0.72

[0.12, 1.31]

FM vs. Healthy Controls (Plasma)

3 Not serious Not serious Not serious Not serious Not serious 118 66 SMD ����Mild

0.42

[0.11, 0.73]

FM vs. Healthy Controls (Serum)

12 Not serious Serious Not serious Not serious Not serious 440 346 SMD ����Moderate†

0.80

[0.06, 1.55]

FM vs. Healthy Controls (Female)

11 Not serious Serious Not serious Not serious Not serious 428 281 SMD ����Moderate†

0.77

[0.30, 1.24]

Gene Polymorphism

4 Not serious Serious Not serious Not serious Not serious NA NA OR ����Moderate†

1.31

[0.66, 2.58]

Abbreviations: CI: confidence interval, SMD: Standardized Mean Difference, OR: Odds Ratio, NA: Not Applicable
†Moderate due to serious inconsistencies and high heterogeneity in meta-analysis

https://doi.org/10.1371/journal.pone.0296103.t003
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(VAS) and the Polysymptomatic Distress Scale (PSD). Haas et al. [56] discovered no signifi-

cant relationship between plasma BDNF level and VAS (r = -0.12, p-value = 0.50), number of

tender points (r = -0.02, p-value = 0.89), or Hamilton Depression (HAM-D) score (r = -0.14,

p-value = 0.44). Likewise, Taskin et al. [50] found that serum BDNF level had no significant

correlation with VAS (r = 0.191; p-value = 0.204) and HAM-D scores (r = 0.085; p p-value

0.579). Another study by Sarchielli and colleagues found no significant relationship between

BDNF levels in CSF and VAS values, FIQ, brief pain inventory (short form) pain severity, pain

threshold, and the number of tender points [49].

According to a study by Fawzy et al. [51], the mean serum BDNF level has a positive corre-

lation with the grade of depression. On the contrary, Laske et al. [47] found no significant dif-

ference in mean BDNF serum concentrations between patients with and without recurrent

major depression (p-value = 1.0). Polli et al. [46] performed a repeated-measure regression

model showing that serum BDNF predicts chronic fatigue syndrome (CFS) symptoms list

scores (F = 14.410, t = 3.796, 95% CI = 1.79 to 5.71, p-value = 0.001) and widespread hyperal-

gesia (F = 4.147, t = 2.036, 95% CI = 0.01 to 0.08, p-value = 0.044). Another study conducted

by Nugraha et al. [52] reported that serum BDNF level in FM patients significantly increases

with depression level according to the Hospital Anxiety and Depression Scale (HADS). Despite

that, serum levels of BDNF were not significantly correlated with anxiety scores in HADS.

3.7. BDNF and medical therapies

Bidari and colleagues reported that a one-month treatment with duloxetine significantly

reduced serum BDNF levels, even after adjusting for depression, pain, and severity of the dis-

ease in their linear mixed model (p< 0.01) [39]. Cardinal et al. found that serum BDNF has a

positive correlation with analgesics use (R2 = 0.54, β coefficient = 20.94, CI 95% = 9.84 to

32.04) and with anticonvulsant use (R2 = 0.54, β coefficient = 22.71, CI 95% = 8.19 to 37.22),

and a negative correlation with selective serotonin reuptake inhibitors (SSRIs) use (R2 = 0.38,

β coefficient = −14.50, 95% CI −26.43 to −2.56) [40]. In contrast, Deitos et al. [43] found a neg-

ative correlation between serum BDNF and weekly analgesic use (R2 = 0.24, β coefficient =

−0.42, p-value < 0.01). Haas et al. [56] found that there were no significant differences in

BDNF levels between patients taking no antidepressant treatments, patients taking analgesic

doses of antidepressants, and patients taking antidepressants at therapeutic doses for depres-

sion (in pg/mL: group 1 = 130.4 ± 106.2; group 2 = 146.6 ± 137.9; group 3 = 194.0 ± 210.3, p-

value = 0.81).

Fig 4. Forest plot representing the meta-analysis of BDNF gene Val66Met polymorphism in fibromyalgia patients compared to controls.

https://doi.org/10.1371/journal.pone.0296103.g004
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A trial conducted by Jablochkova and colleagues found no significant changes in BDNF lev-

els in FM patients, before and after undergoing resistance exercise [55]. However, VAS global

pain, Pain Catastrophizing Scale (PSC), Fibromyalgia Impact Questionnaire (FIQ), and Multi-

dimensional Fatigue Inventory (MFI) scores changed significantly during this intervention.

Martin et al. [54] conducted a study evaluating the effect of aquatic physical therapy on

BDNF levels in women with FM. They found that BDNF pre-intervention values showed a sig-

nificant reduction from session 1 to session 10 in patients with FM (p-value = 0.002).

3.8. BDNF and motor cortex inhibition

In the study conducted by Cardinal and colleagues, BDNF adjusted index in patients with FM

(adjusted with the use of SSRIs, anticonvulsants, and analgesics) was found to not correlate

(analysis power = 96%) with short intracortical inhibition (SICI), intracortical facilitation

(ICF), and the change on the numerical pain scale (NPS) during the conditioned pain modula-

tion test (CPM-test) [40]. Deitos and colleagues performed a multiple-regression analysis

showing that the cortical silent period (CSP) after using pregabalin is positively associated with

the BDNF level before pregabalin [43]. However, the authors did not observe an interaction

between using pregabalin and the BDNF level.

4. Discussion

In this study, we demonstrated that BDNF level was significantly higher in FM patients than in

the non-FM control group, however, no significant difference was detected between the rate of

Val/Met carrier status at the rs6265 site in FM patients and healthy controls. Furthermore, the

results of the included studies regarding the association of BDNF level with sex, quality of life,

illness duration, depression, and the use of various medications (e.g., analgesics, antidepres-

sants, etc.) in patients with FM were controversial. Our study’s findings could help researchers

in exploring the role of BDNF in FM and its possible clinical use.

Laske et al. conducted the first study on 41 FM patients and 45 healthy controls to evaluate

the association of BDNF level with FM. Their result showed an increased BDNF in FM patients

in comparison with healthy controls, which was independent of age, gender, and illness dura-

tion [47]. The serum BDNF has been investigated in several clinical manifestations of FM and

also seems to be associated with some, such as depression, mood disorders, and dysfunctional

eating behavior [41, 61–63].

As mentioned before, the pathophysiology of FM is still unknown; nevertheless, many

mechanisms involved in FM pathophysiology have been suggested. The primary changes

seen in FM are dysfunctions in monoaminergic neurotransmission, which result in

increased excitatory neurotransmitter levels, including substance P and glutamate, and

reduced norepinephrine and serotonin levels at the descending anti-nociceptive pathways

of the spinal cord [64]. BDNF is one of the stimulatory factors for glutamate release [65, 66]

and strengthens glutamatergic synapses [23], which could explain its role in FM. Further-

more, central sensitization is considered maladaptive neuroplasticity and one of the mecha-

nisms implicated in the pathogenesis of FM [67]. BDNF regulates neuroplasticity and is

involved in the sensitization of pain pathways at different levels, including the dorsal root

ganglia, peripheral nociceptors, spinal dorsal horn neurons, and brain descending inhibi-

tory and facilitatory pathways [16]. BDNF induces durable dorsal horn excitability, an

underlying mechanism in the central sensitization [68]. Thus, BDNF could promote FM by

contributing to central sensitization.

Therefore, patients with FM could benefit from the drugs targeting different neurotrans-

mitter systems and BDNF levels. Bidari et al. showed that duloxetine–a serotonin and
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norepinephrine recapture inhibitor known to modulate BDNF levels [69]–improved the

results of several FM and pain questionnaires in these patients; FM patients had decreased lev-

els of BDNF after duloxetine treatment [39]. In FM patients who received thermal therapy

(mud-bath or balneotherapy), pain reduction and improvement in the results of FIRQ and

SF36 occurred; thermal therapy reduced BDNF concentration but did not change oxytocin

levels, adenosine triphosphate (ATP) levels, and serotonin transporter in patients with FM

[70]. Gentle touch therapy also caused pain reduction in patients with FM, which resulted

from decreased BDNF levels [71]. These results go in line with reports of decreased BDNF lev-

els with effective antipain treatments in different clinical contexts [72].

Since family history is a risk factor for FM, different studies have evaluated the role of

genetic and gene polymorphism in this disease. In a study by Park et al. on BDNF gene poly-

morphism, the GG genotype (rs11030104) was represented to be a protective factor against

this syndrome [45]. In our study, all reports but one [44] found that BDNF Val66Met (rs6265)

polymorphism does not have an association with FM.

We considered both sources of BDNF in the circulatory system (plasma and serum) in our

meta-analysis as they are highly correlated. We also ran subgroup analyses considering differ-

ent biological matrices (i.e., serum vs. plasma). Average serum BDNF levels are greater than

plasma levels [73, 74]. This difference results from the platelets’ degranulation at the time of

the clotting process since reasonable amounts of BDNF have been identified in human plate-

lets [75, 76]. In contrast to plasma levels, serum BDNF levels mostly depend on the clotting

time, which varies among studies [77]. Despite these differences, the results were similar in

serum- and plasma-measured BDNF levels.

While being the first study to investigate BDNF in FM, both in peripheral levels and gene

polymorphisms, our study had several limitations. Significant heterogeneity across the studies

perhaps due to different regimens, center settings, and populations might be a limiting factor

that could affect the generalizability of our findings. We tried to minimize this heterogeneity

by performing subgroup analyses and meta-regression, for which some factors could reduce

observed heterogeneity such as the plasma subgroup or publication year meta-regression.

Additionally, the inherent limitations of included studies which were inevitable should be

taken into consideration. Inappropriate matching for confounding baseline features such as

comorbidities in the included studies may have affected the results. The limited number of

studies in gene polymorphism analysis and subgroup analyses can increase the overall risk of

bias. Also, we excluded studies that did not mention BDNF concentrations and only reported

it graphically [78, 79]. Moreover, different kits used in different studies might introduce bias

into our analysis since some kits measure proBDNF in addition to BDNF [80], despite not

mentioning it in detail. It should be emphasized that proBDNF levels might differ among dif-

ferent ethnicities, highlighting the need for using new, commercial human BDNF ELISA kits

[63]. FM diagnosis according to different ACR criteria published in different years was another

limitation. In order to include the studies that reported median and interquartile ranges, we

had to convert them to mean with SDs [33, 34], which could be a source of bias in our results.

As the results of different studies on the association of disease-related factors, such as quality

of life, the use of medications, depression, etc., with BDNF levels in FM patients were contro-

versial, further research with larger sample sizes and similar outcome measures could allow

combining the results and clarify the relationship between BDNF levels and the aforemen-

tioned outcomes. Finally, as visual inspection of the funnel plot for assessment of the publica-

tion bias is suggested to need at least 10 studies [35], publication bias for our meta-analysis of

gene polymorphism might be limited, despite the fact that Begg’s and Egger’s tests did not

show any publication bias.
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5. Conclusion

In conclusion, the pooled meta-analysis of the available studies demonstrated high peripheral

levels of BDNF in FM, while BDNF gene polymorphism was not associated with FM. This

finding can support clinicians and researchers to further investigate the emerging role of

BDNF in pain modulation, specifically in the FM context, and evaluate its potential as a diag-

nostic and prognostic biomarker. For that, longitudinal studies with larger and more represen-

tative samples of patients with FM, controlling for confounding factors (e.g., medical and

psychiatric comorbidities) are needed.
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2010/2011 fibromyalgia diagnostic criteria. Semin Arthritis Rheum. 2016; 46(3):319–29. https://doi.org/

10.1016/j.semarthrit.2016.08.012 PMID: 27916278

61. Khalaji A, Behnoush AH, Shobeiri P, Saeedian B, Teixeira AL, Rezaei N. Association between brain-

derived neurotrophic factor levels and obstructive sleep apnea: a systematic review and meta-analysis.

Sleep and Breathing. 2022. https://doi.org/10.1007/s11325-022-02707-x PMID: 36115874

62. Yoshida T, Ishikawa M, Niitsu T, Nakazato M, Watanabe H, Shiraishi T, et al. Decreased serum levels

of mature brain-derived neurotrophic factor (BDNF), but not its precursor proBDNF, in patients with

major depressive disorder. PLoS One. 2012; 7(8):e42676. https://doi.org/10.1371/journal.pone.

0042676 PMID: 22880079

63. Hashimoto K. Ethnic differences in the serum levels of proBDNF, a precursor of brain-derived neuro-

trophic factor (BDNF), in mood disorders. Eur Arch Psychiatry Clin Neurosci. 2016; 266(3):285–7.

https://doi.org/10.1007/s00406-015-0641-x PMID: 26338800

64. Siracusa R, Paola RD, Cuzzocrea S, Impellizzeri D. Fibromyalgia: Pathogenesis, Mechanisms, Diagno-

sis and Treatment Options Update. Int J Mol Sci. 2021; 22(8).

65. Zhang Z, Fan J, Ren Y, Zhou W, Yin G. The release of glutamate from cortical neurons regulated by

BDNF via the TrkB/Src/PLC-γ1 pathway. Journal of Cellular Biochemistry. 2013; 114(1):144–51.

66. Slack SE, Pezet S, McMahon SB, Thompson SWN, Malcangio M. Brain-derived neurotrophic factor

induces NMDA receptor subunit one phosphorylation via ERK and PKC in the rat spinal cord. European

Journal of Neuroscience. 2004; 20(7):1769–78. https://doi.org/10.1111/j.1460-9568.2004.03656.x

PMID: 15379998

67. Bellato E, Marini E, Castoldi F, Barbasetti N, Mattei L, Bonasia DE, et al. Fibromyalgia syndrome: etiol-

ogy, pathogenesis, diagnosis, and treatment. Pain Res Treat. 2012; 2012:426130. https://doi.org/10.

1155/2012/426130 PMID: 23213512

68. Boakye PA, Rancic V, Whitlock KH, Simmons D, Longo FM, Ballanyi K, et al. Receptor dependence of

BDNF actions in superficial dorsal horn: relation to central sensitization and actions of macrophage col-

ony stimulating factor 1. Journal of Neurophysiology. 2019; 121(6):2308–22. https://doi.org/10.1152/jn.

00839.2018 PMID: 30995156

69. Calabrese F, Molteni R, Maj PF, Cattaneo A, Gennarelli M, Racagni G, et al. Chronic duloxetine treat-

ment induces specific changes in the expression of BDNF transcripts and in the subcellular localization

of the neurotrophin protein. Neuropsychopharmacology. 2007; 32(11):2351–9. https://doi.org/10.1038/

sj.npp.1301360 PMID: 17327885

PLOS ONE Meta-analysis of BDNF in fibromyalgia

PLOS ONE | https://doi.org/10.1371/journal.pone.0296103 December 21, 2023 19 / 20

https://doi.org/10.1016/j.neuint.2013.01.001
https://doi.org/10.1016/j.neuint.2013.01.001
http://www.ncbi.nlm.nih.gov/pubmed/23318672
https://doi.org/10.1016/j.neulet.2019.05.021
http://www.ncbi.nlm.nih.gov/pubmed/31100426
https://doi.org/10.2340/16501977-2593
https://doi.org/10.2340/16501977-2593
http://www.ncbi.nlm.nih.gov/pubmed/31544950
https://doi.org/10.1007/s11064-010-0129-z
https://doi.org/10.1007/s11064-010-0129-z
http://www.ncbi.nlm.nih.gov/pubmed/20119637
https://doi.org/10.1002/art.1780330203
http://www.ncbi.nlm.nih.gov/pubmed/2306288
https://doi.org/10.1002/art.21533
https://doi.org/10.1002/art.21533
http://www.ncbi.nlm.nih.gov/pubmed/16385512
https://doi.org/10.1002/acr.20140
http://www.ncbi.nlm.nih.gov/pubmed/20461783
https://doi.org/10.1016/j.semarthrit.2016.08.012
https://doi.org/10.1016/j.semarthrit.2016.08.012
http://www.ncbi.nlm.nih.gov/pubmed/27916278
https://doi.org/10.1007/s11325-022-02707-x
http://www.ncbi.nlm.nih.gov/pubmed/36115874
https://doi.org/10.1371/journal.pone.0042676
https://doi.org/10.1371/journal.pone.0042676
http://www.ncbi.nlm.nih.gov/pubmed/22880079
https://doi.org/10.1007/s00406-015-0641-x
http://www.ncbi.nlm.nih.gov/pubmed/26338800
https://doi.org/10.1111/j.1460-9568.2004.03656.x
http://www.ncbi.nlm.nih.gov/pubmed/15379998
https://doi.org/10.1155/2012/426130
https://doi.org/10.1155/2012/426130
http://www.ncbi.nlm.nih.gov/pubmed/23213512
https://doi.org/10.1152/jn.00839.2018
https://doi.org/10.1152/jn.00839.2018
http://www.ncbi.nlm.nih.gov/pubmed/30995156
https://doi.org/10.1038/sj.npp.1301360
https://doi.org/10.1038/sj.npp.1301360
http://www.ncbi.nlm.nih.gov/pubmed/17327885
https://doi.org/10.1371/journal.pone.0296103


70. Bazzichi L, Da Valle Y, Rossi A, Giacomelli C, Sernissi F, Giannaccini G, et al. A multidisciplinary

approach to study the effects of balneotherapy and mud-bath therapy treatments on fibromyalgia. Clin

Exp Rheumatol. 2013; 31(6 Suppl 79):S111–20. PMID: 24373369

71. Salgado AS, Takemoto MH, de Souza CF, Salm DC, da Rosa D, Cardoso GC, et al. Gentle Touch Ther-

apy, Pain Relief and Neuroplasticity at Baseline in Fibromyalgia Syndrome: A Randomized, Multicenter

Trial with Six-Month Follow-Up. Journal of Clinical Medicine [Internet]. 2022; 11(16). https://doi.org/10.

3390/jcm11164898 PMID: 36013137

72. Suchting R, Teixeira AL, Ahn B, Colpo GD, Park J, Ahn H. Changes in Brain-derived Neurotrophic Fac-

tor From Active and Sham Transcranial Direct Current Stimulation in Older Adults With Knee Osteoar-

thritis. Clin J Pain. 2021; 37(12):898–903. https://doi.org/10.1097/AJP.0000000000000987 PMID:

34757341

73. Yoshimura R, Sugita-Ikenouchi A, Hori H, Umene-Nakano W, Hayashi K, Katsuki A, et al. A close corre-

lation between plasma and serum levels of brain-derived neurotrophic factor (BDNF) in healthy volun-

teers. Int J Psychiatry Clin Pract. 2010; 14(3):220–2. https://doi.org/10.3109/13651501003748560

PMID: 24917323

74. Radka SF, Holst PA, Fritsche M, Altar CA. Presence of brain-derived neurotrophic factor in brain and

human and rat but not mouse serum detected by a sensitive and specific immunoassay. Brain Res.

1996; 709(1):122–301. https://doi.org/10.1016/0006-8993(95)01321-0 PMID: 8869564

75. Fujimura H, Altar CA, Chen R, Nakamura T, Nakahashi T, Kambayashi J, et al. Brain-derived neuro-

trophic factor is stored in human platelets and released by agonist stimulation. Thromb Haemost. 2002;

87(4):728–34. PMID: 12008958

76. Pliego-Rivero FB, Bayatti N, Giannakoulopoulos X, Glover V, Bradford HF, Stern G, et al. Brain-derived

neurotrophic factor in human platelets. Biochem Pharmacol. 1997; 54(1):207–9. https://doi.org/10.

1016/s0006-2952(97)00073-7 PMID: 9296368

77. Gejl AK, Enevold C, Bugge A, Andersen MS, Nielsen CH, Andersen LB. Associations between serum

and plasma brain-derived neurotrophic factor and influence of storage time and centrifugation strategy.

Sci Rep. 2019; 9(1):9655. https://doi.org/10.1038/s41598-019-45976-5 PMID: 31273250

78. Baumeister D, Eich W, Saft S, Geisel O, Hellweg R, Finn A, et al. No evidence for altered plasma NGF

and BDNF levels in fibromyalgia patients. Sci Rep. 2019; 9(1):13667. https://doi.org/10.1038/s41598-

019-49403-7 PMID: 31541132

79. Ribeiro VGC, Mendonça VA, Souza ALC, Fonseca SF, Camargos ACR, Lage VKS, et al. Inflammatory

biomarkers responses after acute whole body vibration in fibromyalgia. Braz J Med Biol Res. 2018; 51

(4):e6775. https://doi.org/10.1590/1414-431X20176775 PMID: 29513791

80. Yoshida T, Ishikawa M, Iyo M, Hashimoto K. Serum levels of mature brain-derived neurotrophic factor

(BDNF) and its precursor proBDNF in healthy subjects. The Open Clinical Chemistry Journal. 2012; 5

(1).

PLOS ONE Meta-analysis of BDNF in fibromyalgia

PLOS ONE | https://doi.org/10.1371/journal.pone.0296103 December 21, 2023 20 / 20

http://www.ncbi.nlm.nih.gov/pubmed/24373369
https://doi.org/10.3390/jcm11164898
https://doi.org/10.3390/jcm11164898
http://www.ncbi.nlm.nih.gov/pubmed/36013137
https://doi.org/10.1097/AJP.0000000000000987
http://www.ncbi.nlm.nih.gov/pubmed/34757341
https://doi.org/10.3109/13651501003748560
http://www.ncbi.nlm.nih.gov/pubmed/24917323
https://doi.org/10.1016/0006-8993%2895%2901321-0
http://www.ncbi.nlm.nih.gov/pubmed/8869564
http://www.ncbi.nlm.nih.gov/pubmed/12008958
https://doi.org/10.1016/s0006-2952%2897%2900073-7
https://doi.org/10.1016/s0006-2952%2897%2900073-7
http://www.ncbi.nlm.nih.gov/pubmed/9296368
https://doi.org/10.1038/s41598-019-45976-5
http://www.ncbi.nlm.nih.gov/pubmed/31273250
https://doi.org/10.1038/s41598-019-49403-7
https://doi.org/10.1038/s41598-019-49403-7
http://www.ncbi.nlm.nih.gov/pubmed/31541132
https://doi.org/10.1590/1414-431X20176775
http://www.ncbi.nlm.nih.gov/pubmed/29513791
https://doi.org/10.1371/journal.pone.0296103

