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Abstract

:

Fibromyalgia is a chronic syndrome that is characterized by widespread pain and an altered brain dynamic. The aim of this study was to analyze the effect of the duration of the symptoms on the cortical activity of women with fibromyalgia using electroencephalogram power spectrum analyses in an eye-closed resting state. Twenty-nine women participated in this cross-sectional study (N: 29; age: 55.59 [9.50]). Theta, alpha, beta-1, beta-2, and beta-3 frequency bands were analyzed using EEGLAB. Theta power significantly correlated with the duration of the symptoms, but not with age. In addition, participants were divided into two groups according to number the years for which they were suffering from fibromyalgia. Participants who had a longer duration of symptoms obtained higher theta power in the frontal (Fp1, F4, F7, F8, and Fz), central (C3, C4, and Cz), and parietal (P3 and Pz) areas than those who had a shorter duration of symptoms, which may be related to brain aging. This exploratory study demonstrates for the first time that the frontal, central, and parietal areas may be influenced by the years in which they were suffering from the symptoms of fibromyalgia. This might indicate that the duration of these symptoms may have a higher impact on brain aging than the actual age of the patient.
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1. Introduction


Fibromyalgia (FM) is a chronic syndrome characterized by widespread pain accompanied by several symptoms, such as fatigue, stiffness, sleep disturbance, and affective and cognitive problems [1]. These commonly cause a reduction in the ability to perform daily life activities [2], diminishing the quality of life of fibromyalgia patients [3].



Electroencephalogram (EEG) power has been commonly used to study brain dynamics, providing temporally resolved information [4,5]. In relation with that, previous neuroimaging and EEG studies have proposed that central nervous system hyperexcitability represents an important mechanism in the maintenance of the chronic pain observed in these patients [6,7]. In this regard, during pain processing, FM patients may experience abnormal activation in several areas related with the processing of pain, such as the thalamic nuclei, somatosensory cortex, anterior cingulate cortex, insular cortex, and prefrontal cortex [8,9,10]. This altered dynamic of the brain, even at rest, has been observed in fibromyalgia in comparison with pain-free controls [5,11,12].



Similar results have been obtained in neuropathic pain patients, observing an increment of power in theta and beta frequencies in pain-related areas (anterior cingulate, prefrontal, and somatosensory cortices) [4] using EEG in a resting state. Interestingly, the theta band (4–7 Hz) is considered of particular interest because of its relationship with higher cognitive functions and the induction of synaptic plasticity [13]. Previous studies have described increased theta activity and a decreased hippocampus volume in Alzheimer’s disease patients [14], which may also be related to brain aging in healthy people [15]. This relation was confirmed in previous correlation studies [16,17]. This decrease in hippocampus volume was also reported in chronic pain [18]. Therefore, these changes may be related to the learning and emotional deficits commonly observed in chronic pain patients [19].



Given the altered brain dynamics observed in women with fibromyalgia and the relevance of the theta band in brain aging processes, this study aims to evaluate, for the first time, the effect of age and the duration of the symptoms on the brain dynamics of women with fibromyalgia, by using EEG power spectrum analyses in an eye-closed resting state. The hypothesis for this aim is based on previous studies that have indicated the importance of symptoms’ duration in the prognosis of chronic pain patients, such as lower back pain patients [20]. Moreover, chronic back pain patients often have both altered brain activity and a decreased gray matter, which may be related to the duration of pain symptoms [21,22]. Thus, we hypothesized that both age and the duration of fibromyalgia symptoms would positively correlate with the EEG power spectrum in the theta band.




2. Methods


2.1. Participants


Twenty-nine women with fibromyalgia (mean age: 55.89 ± 9.50), who were diagnosed according to the American College of Rheumatology’s criteria [1], participated in the study.



Participants with neurological diseases, psychiatric diagnoses (i.e., major depression with suicidal ideation, schizophrenia, or substance abuse), and autoimmune or inflammatory diseases that cause pain were also excluded. However, two participants with diabetes, seven with hyperlipidemia, and seven with hypertension took part in the study.



Participants were informed verbally about the details of the study, and they gave written informed consent to participate in the study. All the procedures were approved by the research ethics committee of the University of Extremadura (approval number: 62/2017) and were carried out in accordance with the Declaration of Helsinki.




2.2. Questionnaires and Procedure


A semi-standardized interview was fulfilled by the participants, assessing when the fibromyalgia symptoms appeared and the medication intake. They also completed the Fibromyalgia Impact Questionnaire (FIQ) [23], which is a specific measure to assess the pain and disease impact in this population.




2.3. EEG Recording and Data Processing


The EEG signal was assessed during a one-minute resting period with eyes closed, using the Enobio device, which is a wireless electrode system (Neuroelectrics, Cambridge, MA, USA) [24]. The reliability of this instrument was demonstrated, even using dry electrodes [25]. The EEG was recorded from 19 scalp locations such as frontal (Fz, Fp1, Fp2, F3, F4, F7 and F8), central (Cz, C3, and C4), temporal (T3, T4, T5 and T6), parietal (Pz, P3, and P4), and occipital (O1 and O2), according to the International 10–20 system.



Electrodes placed in the mastoids served as references, and impedance was kept below 10 KΩ. EEG was recorded with a sampling rate of 500 Hz, using a 50-Hz notch filter, and bandpass filtering (1–40 Hz) was employed as well. EEGlab toolbox (MatLab) was utilized for pre-processing and data analysis. Rough artifacts were removed from EEG signals, and eye movement artifacts were corrected using independent component analysis (ICA) [26]. Participants were instructed to keep their eyes closed, and were seated on a chair in a calm room.



After pre-processing, using the power of the EEG, data was computed and banded into theta (4–7 Hz), alpha (8–12 Hz), beta-1 (13–18 Hz), beta-2 (19–21 Hz), and beta-3 (22–30) frequency bands. It was obtained using the function pop_spectopo.m from EEGlab.




2.4. Statistical Analysis


The SPSS statistical package (version 20.0; SPSS, Inc., Chicago, IL, USA) was used to analyze the data. Considering the results in the Shapiro–Wilk and Kolmogorov–Smirnov tests, non-parametric analyses were conducted.



Spearman Rho and Kendall’s Tau-b correlations were performed to examine the relationship between EEG frequency bands and both the duration of fibromyalgia symptoms and the age of the participants in the whole sample (N = 29). Given that significant correlations were only observed between the duration of symptoms and the theta band power spectrum, further analyses were performed to explore that relation. In this regard, we calculated the median of the years in which participants were suffering from fibromyalgia symptoms in order to divide the sample into two groups. The results indicated that participants had a median duration of 17 years of suffering from fibromyalgia symptoms, and this was the cutoff that was used to divide the sample into two groups: those with less than 17 years with fibromyalgia symptoms (shorter duration of symptoms group), and those with 17 or more years with fibromyalgia symptoms (longer duration of symptoms group). This strategy for splitting sub-groups of patients was previously performed for women with fibromyalgia using their pain symptom scores [27]. Neither chi-squared statistic nor the Mann–Whitney U-test revealed significant differences between groups in medication intake or age, respectively.



The Mann–Whitney U-test was conducted to examine differences between groups in the different frequency bands. The alpha-level of significance (set at 0.05) was adjusted by the Benjamini–Hochberg procedure in order to control the false discovery rate [28]. Significant differences were represented in a diagram chart where error bars represent the standard error of the mean.





3. Results


3.1. Sociodemographic Characteristics of the Whole Sample and Correlation between EEG Frequency Bands and Duration of Symptoms


Participants had a mean duration of symptoms of 20.69 (13.60) years and presented a FIQ score of 48.45 (15.21). Most of the participants had primary education (48.30%) or secondary education (41.40%) levels. Eleven participants (37.95%) were taking antidepressant medication and 10 (34.5%) were taking analgesic/relaxants medication. The complementary therapies that participants reported include massages (17.25%), or physiotherapy (27.6%) (see Table 1).



Spearman Rho and Kendall’s Tau-b revealed positive correlations between the years for which participants (N = 29) were suffering from fibromyalgia and the theta power in different scalp locations. These locations comprised the frontal (Fp1 and Fz), central (Cz), and parietal (P3 and Pz) areas (see Table 2). No other significant correlations were found between the duration of fibromyalgia symptoms and the remaining frequency bands (alpha, beta-1, beta-2, or beta-3) (see Table 2).



In addition, Spearman Rho and Kendall’s Tau-b did not report any significant correlation between EEG frequency bands and the age of the participants.




3.2. Between-Group Differences in Sociodemographic Characteristics, Age, Impact of Fibromyalgia, and EEG Power Spectrum


Participants were divided into two groups (longer and shorter duration of symptoms), taking into account the median duration of symptoms: 17 years. Table 3 summarizes the main sociodemographic characteristics of the two sub-groups. There were no differences in age, medication intake, or fibromyalgia impact, as assessed by FIQ, between the longer duration of symptoms group (N: 15; mean age: 52.07 ± 9.10) and the shorter duration of symptoms group (N: 14; mean age: 59.36 ± 8.69) (see Table 3) using Mann–Whitney U-test and Pearson’s chi-squared test.



The Mann–Whitney U-test was conducted to compare the group with less than 17 years with fibromyalgia symptoms (shorter duration of symptoms group) and the group with 17 or more years with fibromyalgia symptoms (longer duration of symptoms group) in the different EEG frequency bands (theta, alpha, beta-1, beta-2, and beta-3). Main significant differences were obtained in the theta power band. After applying the multiple comparison correction [28], the theta values in the frontal (Fp1, F4, Fz, F8, and F7), central (C3, Cz and C4), and parietal (Pz and P3) areas were significantly higher (p-value < 0.05) in the group that was suffering from fibromyalgia for more years (see Figure 1).



No other significant between-group differences were found in the rest of EEG frequency bands (see Figure 2 for the alpha power spectrum).





4. Discussion


The present study investigated the effect of age and symptom duration of women with fibromyalgia in EEG power spectrum frequency bands (theta, alpha, beta-1, beta-2, and beta-3). Analyzing the results, significant correlations showed that the impact of the years suffering from fibromyalgia symptoms on brain aging might be even higher than the impact of the actual age of the participants. This was also supported by significantly higher theta power being found in the group that was suffering from fibromyalgia for more years.



The long-term consequences of pain have traditionally been of great interest in neuroscience [29]. In this regard, this is the first study of fibromyalgia patients reporting an association between the duration of the symptoms and an altered brain dynamic. These findings support previous research focused on chronic back pain patients where altered brain activity and gray matter decreases correlated with the duration of the pain [21,22]. Thus, fibromyalgia symptoms might elicit similar long-term responses in the brain dynamic to those caused by pain alone, but further studies are needed to confirm this hypothesis.



Previous studies have shown altered brain dynamics between fibromyalgia and pain-free controls [5,11,12], and there is certain evidence about the seeming alteration of theta power in fibromyalgia patients [30]. In this sense, Gonzalez-Roldan, Cifre, Sitges, and Montoya [5] observed alterations in EEG coherence in fibromyalgia patients, showing greater EEG coherence over the left than over the right hemisphere in the centro-parietal area in a wide range of frequency bands (2 to 30 Hz). They discussed that these findings could suggest an over-activation of the pain network together with an imbalance of intra-hemispheric EEG coherence in fibromyalgia patients as compared with pain-free controls, even when no stimulation was applied. Furthermore, alterations in the theta band were also reported in the resting state in fronto-central brain regions, which are relevant in cognitive–attentional aspects of pain processing and pain inhibition [30,31]. In this line, the authors related these alterations to ongoing tonic pain and fatigue in fibromyalgia. However, according to our results, an altered theta power band may be not only associated with the ongoing pain and fatigue, but it could also be the result of years suffering from fibromyalgia symptoms.



Regarding alterations in theta power, previous studies have found them in Alzheimer’s disease [14,32], mild cognitive impairment [33,34], or even related with brain aging in healthy people [15]. The authors related these alterations with hippocampus atrophy, which is located in the frontal areas [17,33] and also in temporoparietal areas in Alzheimer’s disease patients [32], which is in line with the results from the current study. Furthermore, in fibromyalgia [35] and chronic pain [18,36], a significant reduction in important grey matter structures such as the hippocampus has been reported to be an indicator of hippocampus atrophy in fibromyalgia. In the current study, correlations between power spectrum and age were not significant in any of the channels. Therefore, the effect of age in the differences obtained in those channels is limited, whereas the duration of symptoms seems to be the key variable under those alterations. In that sense, another previous study showed that fibromyalgia symptoms could be partially explained by hippocampus symptoms [37]. Supporting that notion, microstructural changes in this brain area have been observed in patients with chronic pain [38] and also in fibromyalgia patients [39,40]. In addition, higher pain scores were correlated with increased fractional anisotropy values in the white matter of the right superior frontal gyrus [40].



Based on the studies mentioned above, our results might support the notion that suffering from fibromyalgia during a long period of time could lead to changes in the hippocampus. This could be an interesting topic for future studies in order to confirm this hypothesis with different design and techniques. In this regard, previous studies in chronic pain have reported how gray matter decreases with prolonged pain duration [41,42]. Also, with pain relief, reverse effects have been reported [43]. These results could indicate that gray matter decrease may be a consequence of prolonged pain duration. Interestingly, morphological changes derived from fibromyalgia, such as a reduction in hippocampus volume [35], would be considered as a form of premature brain aging. In this regard, a previous study comparing fibromyalgia and age-related healthy controls [39] reported that those who are suffering from fibromyalgia experience a yearly accelerated decline of grey matter that was more than three times larger than that of the age-matched controls. Given the well-known association between theta power and grey matter decreases in the hippocampus [15,32,33,34], differences between the two age-matched fibromyalgia groups regarding the different durations of the fibromyalgia symptoms reported in our study may confirm the premature aging of the brain in this population. However, future studies using magnetic resonance imaging (MRI) must confirm these results.



One potential limitation of our study was the possible effects of pharmacological treatment in the results. In this regard, participants of the two groups were taking medications, and chi-squared statistics revealed no differences between groups in this aspect. Second, although our results showed that the influence of age is limited in our findings of the duration of the symptoms, the impact of age cannot be discarded with a sample comprised by only fibromyalgia patients. In addition, our sample was only composed of women; thus, we cannot generalize the results to male fibromyalgia patients. Moreover, in future studies, cranial magnetic resonance imaging (MRI) may be included in order to correlate EEG (neurophysiologic) and MRI (anatomic) findings. Lastly, the relatively small sample size (N = 29) might have caused only large differences to have reached the statistical significance level. Future longitudinal studies focused on the evaluation of the evolution of brain dynamics and fibromyalgia symptoms are needed in order to confirm the findings.



To sum up, the duration of the symptoms significantly correlated with theta power, while the actual age of the patients did not. Interestingly, significantly higher theta power in the frontal and parietal areas was found in the group with a longer duration of fibromyalgia symptoms. These differences might be associated with hippocampus atrophy and the premature aging of the brain. However, further longitudinal studies using MRI and increasing the sample size are needed to confirm the results.
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Figure 1. Channel comparison between the two groups (shorter duration versus longer duration of symptom groups) in theta power. Error bars represent the standard error of the mean. *: Significant higher values (p < 0.05) between longer duration of fibromyalgia symptoms group versus shorter duration of fibromyalgia symptoms group. 
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Figure 