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Abstract Brain-derived neurotrophic factor (BDNF) is

involved in neuronal survival and synaptic plasticity of the

central and peripheral nervous system. BDNF appears to

modulate nociceptive sensory inputs and pain hypersensi-

tivity and has been studied in pathological situations,

including chronic pain conditions and major depression.

Increased serum BDNF levels have been recently reported

in fibromyalgia (FM). In the present study, we assessed

plasma BDNF levels in patients with FM and controls.

Plasma BDNF was measured from 30 female patients with

FM and 30 healthy age- and gender-matched volunteers

using an enzyme immunoassay. FM patients showed higher

levels of BDNF (FM = 167.1 ± 171.2 pg/mL) when

compared with the control group (control = 113.8 ±

149.6 pg/mL) (P = 0.049; Mann–Whitney test). Six out of

30 controls presented superior values to the medium

(15/15) of the patients with fibromyalgia (129 pg/mL)

(P = 0.029, Fisher exact test). There was no correlation

between plasma BDNF levels and age, disease duration,

pain score, number of pain points and HAM-D score. Our

results confirm previous findings of increased plasma

BDNF levels in patients with FM, suggesting that BDNF

may be involved in the pathophysiology of Fibromyalgia,

despite high levels of depression.
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Introduction

Fibromyalgia (FM) is a common condition with a com-

plex clinical pattern of unknown origin, consisting of

diffuse musculoskeletal pain and muscle tenderness,

accompanied by sleep disturbance, fatigue, anxiety and

by other clinical manifestations such as depression, gas-

trointestinal symptoms and headache [1]. FM affects at

least 2% of the adult population, females being signifi-

cantly more often affected than males [2]. FM is usually

diagnosed by application of the American College of

Rheumatology (ACR) criteria. These criteria require the

concurrent presence of widespread pain of at least

3 months’ duration and tenderness on palpation in at least

11 of 18 tender points sites, which are characterized by

decreased pressure-pain thresholds that result in hyper-

algesia or allodynia [3].

A sensitization process causing exaggerated perception

of painful stimuli (hyperalgesia), and/or a perception of

innocuous stimuli as painful (allodynia) may be involved in

the generation of referred pain and hyperalgesia across

multiple spinal segments in FM [4]. Several biochemical

abnormalities that may contribute to this scenario have

been reported in the cerebrospinal fluid of FM patients,

including low concentrations of the metabolites of seroto-

nin (5HT) and noradrenaline (NA), high concentrations of

substance P and of nerve growth factors, suggesting a

pathogenesis of central origin [5, 6].
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Some studies have identified that pain thresholds in FM

vary according to emotional contexts and it is frequently

comorbid with psychiatric disorders such as major

depression, dysthymia, anxiety and somatoform disorders

[7, 8]. In fact, existing data suggest that the influence of

psychological variables such as depression, pain, and fati-

gue must be considered as factors contributing to clinical

presentation of FM [9].

Brain-derived neurotrophic factor (BDNF) enhances the

growth and maintenance of several neuronal systems and

may be a neurotransmitter modulator [10]. BDNF also acts

as a regulator of neuronal excitability and a modulator of

synaptic plasticity in the CNS [11]. BDNF is transported

anterogradely to the central terminals of sensory neurons in

the dorsal horn and the released BDNF binds to trkB

receptors. Current evidence suggest that BDNF modulates

both pre- and postsynaptic mechanisms [11]. Recently, the

role of BDNF in pain states has received more attention as

a neuromediator of hyperalgesia and spinal central sensi-

tization [12, 13]. Moreover, BDNF induced hyperalgesia is

dependent on an NMDA receptor-mediated mechanism

[14].

There is growing evidence indicating that BDNF also

plays a role in major depressive disorder (MDD) and that

antidepressant treatment increases serum BDNF levels

[15–18]. Moreover, in animal and human studies, antide-

pressant treatments could increase central as well as

peripheral BDNF levels [19, 20].

Recent results have shown that patients with FM have

increased levels of BDNF in serum and cerebrospinal fluid

[8, 21]. In this study, our aim was to investigate plasma

BDNF levels in patients with FM in comparison with a

strictly matched control group.

Materials and Methods

Subjects

Patients with FM (n = 30, all female, age 46.3 ±

9.3 years) were recruited from the Physical Therapy Clinic

of Feevale University. Diagnosis of FM was made

according to the American College of Rheumatology

(ACR) Criteria [3]. The variables evaluated in the patient

group were: illness duration, pain intensity measured with

the Visual Analogue Scale (VAS) from (no pain) to 10

(worst imaginable pain), number of tender points, a careful

exploration of the medications history, severity of depres-

sive symptoms assessed with the Hamilton Rating Scale for

Depression (HDRS) [22]. Exclusion criteria were: (a)

neurologic illness; (b) psychotic or other serious psychi-

atric conditions; (c) low cognitive performance; (d) preg-

nancy. Healthy subjects were matched (n = 30, all female,

age 46.3 ± 9.3 years) and selected through an interview

including a medical history. Exclusion criteria were: (a)

past or current chronic physical or mental diseases; (b)

regular medication intake; (c) pregnancy; (d) chronic pain.

The study was approved by the Institutional Review Board

and written informed consent was obtained from each

individual.

Measurement of Plasma BDNF Concentration

Peripheral venous blood samples (10 ml) were collected in

anticoagulant tubes using vacutainer system from all

patients and controls between 10:00 and 12:00 am. Sam-

ples were centrifuged for 2,0009g for 15 min and plasma

was stored at -18�C until analysis. Plasma levels of BDNF

were measured using enzyme immunoassay—the com-

mercial available BDNF immunoassay system kit (Chem-

ikine by Chemicon, Temecula, CA, USA). All samples and

standards were measured in duplicates and the coefficient

of variation was less than 5%.

Statistical Analysis

For comparisons of BDNF levels between the FM patients

and control group two-tailed Mann–Whitney U-test was

used given the non-symmetric distribution of the data.

Fisher exact test was used to evaluate the frequency of

BDNF values in relation to the median of FM patients. The

correlation analysis between BDNF levels and demo-

graphic characteristics of patients were analyzed by means

of Spearman’s correlation coefficient. To compare the three

groups according to antidepressant treatment, a nonpara-

metric Kruskal–Wallis analysis was used. Significance for

the results was set as P \ 0.05. The statistic package SPSS

15.0 was used.

Results

Thirty female patients with FM and thirty female healthy

volunteers matched for age were included (46.3 ±

9.3 years for both groups). In the FM group, illness dura-

tion was 6.3 ± 5.7 years, pain scores (0–10) were

8.1 ± 1.6, number of tender points (maximum 18) was

16.6 ± 2.3 and Hamilton-D score mean 30.4 ± 9.1. These

results indicate that this group is severely ill both in terms

of pain and depressive symptoms.

As shown in Fig. 1, plasma BDNF concentration in FM

patients were significantly higher than the control group

(FM patients = 167.1 ± 171.2 pg/mL and healthy con-

trols = 113.8 ± 149.6 pg/mL; P = 0.049, Mann–Whitney

test). In a secondary analysis, only 6 of 30 healthy controls

showed values higher than the median (15/15) of FM
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patients (129 pg/mL) (P = 0.029, two-tailed Fisher exact

test).

We found no significant correlation between plasma

BDNF levels and age (r = -0.07, P = 0.71), illness

duration (r = -0.05, P = 0.79), pain intensity by the VAS

(r = -0.12, P = 0.50), number of tender points (r =

-0.02, P = 0.89) or HAM-D score (r = -0.14, P = 0.44).

In order to evaluate the role of antidepressant treat-

ments, we stratified patients in 3 groups: (1) antidepressant-

naı̈ve group (n = 6); (2) FM patients receiving low or only

analgesic doses of tricyclic antidepressants (B50 mg,

n = 9); (3) patients with antidepressants at therapeutic

doses for depression (amitriptyline C 75 mg, fluoxe-

tine C 20 mg or equivalent—n = 15). As shown in Fig. 2,

there were no significant differences in BDNF levels

between these three groups (in pg/mL: group 1 = 130.4 ±

106.2; group 2 = 146.6 ± 137.9; group 3 = 194.0 ± 210.3,

P = 0.81, Kruskal–Wallis test).

Discussion

In the present study, plasma BDNF levels were increased in

FM patients as compared to age- and gender matched

healthy controls. These findings are in line with recent

evidence in serum and CSD of FM patients [8, 21]. Plasma

BDNF levels were not correlated to the demographic data

or FM clinical features such as age, gender, time of diag-

nosis, pain scores, number of tender points and levels of

depressive symptoms.

Laske et al. [8] were the first to investigate the con-

centration of serum BDNF of 41 patients with FM com-

pared to a control group with 45 subjects. Serum BDNF

levels found in patients with FM (19.6 pg/mL) were sig-

nificantly increased when compared to the control group

(16.8 pg/mL), but BDNF levels were independent of age,

gender, illness duration, preexisting recurrent major

depression and treatment with low doses of antidepres-

sants. Sarchielli et al. [21] measured BDNF levels in

cerebrospinal fluid in three groups of subjects: 20 patients

with FM, 20 with chronic migraine and 20 age-matched

control subjects. BDNF values were significantly increased

in patients with FM (40.4 ± 4.6 pg/mL), and in those with

chronic migraine (39.4 ± 6.7 pg/mL) when compared to

controls (11.3 ± 3.4 pg/mL). No correlation was found

between BDNF levels and pain intensity and number of

tender points examined in the migraine and FM groups.

However, BDNF levels were significantly correlated with

the duration of chronic headache and the duration of

chronic pain in both groups. Thus, in general, our data are

in agreement with these recent findings from the literature.

In this study we found the mean score of Hamilton-D

scale of 30.4 ± 9.1 in patients with FM, which indicates

that this group is severely depressed, despite treatment with

antidepressants, with no significant correlation with serum

BDNF levels. Shimizu et al. [18] showed that the serum

BDNF levels in patients with depressive symptoms without

treatment were significantly lower in relation to treated

patients and the control group. Their results also indicated

a significant negative correlation between HAM-D scores

and serum BDNF levels. Low expression of BDNF levels

are observed in cellular and molecular processes contrib-

uting to the development of chronic depression and in

animals subjected to stress [23, 24]. Thus, it is interesting

to note that the levels of BDNF in our patients with FM

were increased despite the high level of depressive symp-

toms. Laske et al. [8] compared FM patients with and
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Fig. 1 Serum BDNF levels in patients with Fibromyalgia

(167.1 ± 171.2 pg/mL) and control group (113.8 ± 149.6 pg/mL;

P = 0.049, Mann–Whitney test). In the control group only (6/30)

showed higher values than the median (15/15) levels of FM patients

(129 pg/mL) (P = 0.029, two-tailed Fisher exact test)
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Fig. 2 Serum BDNF in patients with Fibromyalgia stratified in 3

groups: (1) antidepressant-naı̈ve group (n = 6) (no ADP); (2) FM

patients receiving analgesic doses of tricyclic antidepressants

(B50 mg/day, n = 9) (low ADP); (3) patients with antidepressant

doses (n = 15) (high ADP). There were no significant differences in

BDNF levels between the three groups (BDNF group 1 = 130.4 ±

106.2; group 2 = 146.6 ± 137.9; group 3 = 194.0 ± 210.3,

P = 0.81, Kruskal–Wallis test)
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without major depression and found that BDNF levels were

not significantly different between the two groups and the

concentration of BDNF in patients with FM was indepen-

dent of the pre-existence of major depression.

Our results showed no relationship between the use of

antidepressants and plasma BDNF levels. Similarly, no

significant differences were found in the concentration of

BDNF in patients with FM in the groups with and without

treatment with antidepressants in low doses [8]. Nibuya

et al. [25] have shown that chronic administration of var-

ious types of antidepressants, including serotonin selective

inhibitors, increases BDNF expression in the hippocampus

of rodents. The therapeutic effects of antidepressant drugs

have been attributed to increases in proliferation of neu-

ronal progenitor cells through mechanisms involving

up-regulation of hippocampal BDNF levels [26, 27]. Thus,

we can not totally exclude the hypothesis that plasma

BDNF levels in some of our FM patients were not affected

by chronic use of antidepressants.

The expression of BDNF is known for its importance in

synaptic plasticity and its action as a neuromodulator in the

dorsal horn of the spinal cord has been proposed in various

models of pain, including peripheral inflammation, axotomy,

nerve damage and neuropathic pain [28, 29]. In our study,

plasma BDNF levels in patients with FM were unrelated to

pain intensity and number of tender points. Laske et al. [8]

hypothesized that BDNF levels may be related to many

modulatory mechanisms of pain involving the perception of

pain and its association with emotional phenomena.

A positive characteristic of the current study was a

strictly matched control group in regard to age and gender.

However, the existence of higher levels of depression, as

well as the variability in pharmacological treatments, in

particular antidepressants, are limitations of our study.

Thus, stratification of the data, as in the case of antide-

pressant use, significantly reduced statistical power and

limited interpretation.

In summary, we have confirmed previous findings of

higher BDNF in FM, suggesting that BDNF is involved in

the pathophysiology of abnormal pain syndromes. How-

ever, the precise role of BDNF in the pathophysiology of

FM and its connections with depression and use of anti-

depressants should be further investigated.
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