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Abstract

Objective: The ability to accurately identify facial expressions of emotions is crucial in 

human interaction. While a previous study suggested deficient emotional face recognition in 

patients with fibromyalgia, not much is known about the origin of this impairment. Against this 

background, this study investigated the role of executive functions. Executive functions refer 

to cognitive control mechanisms enabling implementation and coordination of basic mental 

operations. Deficits in this domain are prevalent in fibromyalgia.

Methods: Fifty-two fibromyalgia patients and thirty-two healthy individuals completed the 

Ekman-60 Faces Test, which requires classification of facial displays of happiness, sadness, 

anger, fear, surprise and disgust. They also completed eight tasks assessing the executive 

function components of shifting, updating and inhibition. Effects of comorbid depression and 

anxiety disorders, and medication use, were tested in stratified analyses of patient 

subgroups.

Results: Patients made more errors overall than controls in classifying the emotional 

expressions. Moreover, their recognition accuracy correlated positively with performance on 

most of the executive function tasks. Emotion recognition did not vary as a function of 

comorbid psychiatric disorders or medication use.

Conclusions: The study supports impaired facial emotion recognition in fibromyalgia, which 

may contribute to the interaction problems and poor social functioning characterizing this 

condition. Facial emotion recognition is regarded as a complex process, which may be 

particularly reliant on efficient coordination of various basic operations by executive 

functions. As such, the correlations between cognitive task performance and recognition 

accuracy suggest that deficits in higher cognitive functions underlie impaired emotional 

communication in fibromyalgia.

Key words: Fibromyalgia, facial emotion recognition, executive functions, emotion, cognition
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Introduction

Facial expressions constitute the most important non-verbal channel through which 

emotional states are communicated; the ability to accurately identify these expressions is 

crucial in human interaction (1). While this ability varies considerably among individuals, 

high-level ability is associated with psychosocial benefits including achievement of 

interpersonal interaction goals, higher relationship quality, and better mental health and 

general social adjustment (2, 3). In contrast, difficulties in recognizing facial emotion 

expressions are linked to poorer interpersonal interactions and negative emotions like 

frustration, anger and anxiety (3, 4). In addition, impairments in facial emotion recognition 

have been described in clinical conditions including depression (5), anxiety disorders (6), 

personality disorders (7, 8), somatoform disorders (9) and schizophrenia (10).

A recent study by Weiß and colleagues (11) suggested that poor facial emotion recognition 

may also be prevalent in chronic pain conditions. Patients diagnosed with fibromyalgia and 

healthy individuals completed a face recognition task, which required them to classify 30 

emotional expressions into happy, anxious, sad, disgusted and neutral categories. Patients 

made more misclassifications than controls in all emotional categories. Fibromyalgia is a 

chronic condition of widespread pain accompanied by symptoms such as disturbed mood, 

fatigue, insomnia and impaired cognitive performance (12). Fibromyalgia symptoms 

substantially reduce quality of life and psychosocial functioning (13, 14). According to current 

knowledge, fibromyalgia pain occurs due to hypersensitivity of central nociceptive pathways; 

this has been demonstrated, for example, in brain imaging studies showing exaggerated 

activity of the neuromatrix underlying pain (15, 16). In addition, affective factors are 

implicated in the pathology of the disorder. Experimental studies suggested that fibromyalgia 

patients are particularly vulnerable to the effects of negative mood on the processing of 

body-related information. In patients, as compared to healthy controls, induction of aversive 

emotions led to greater increases in subjective pain responses and central nervous 

somatosensory processing (17, 18). Evidence also points to exaggerated 

psychophysiological responses to aversive stimuli (19), selective processing of negative 
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information (20), increased emotional avoidance (21), and catastrophizing (22). Impaired 

emotional communication may be another relevant aspect of affective pathology in 

fibromyalgia. Failure in emotion recognition may contribute to poor social functioning, such 

as interaction problems, isolation and general lack of social resources, which are frequently 

observed in fibromyalgia patients (13, 23).

Several psychological mechanisms may mediate the impairment in facial emotion recognition 

seen in fibromyalgia. Firstly, a role of alexithymia has been suggested (11). Alexithymia 

refers to a personality trait characterized by difficulty in identifying and describing one´s own 

feelings, which is highly prevalent in fibromyalgia (24). Negative correlations between 

alexithymia and emotion recognition task performance suggest that this trait may also 

interfere with accurate identification of emotions expressed by others (25, 26). Another line of 

reasoning refers to somatosensory perception, which shows marked abnormalities in 

fibromyalgia (18, 27). According to current theories of emotion, somatosensory perception 

plays a key role in affective processing, and alterations therein may alter the experience and 

communication of emotions (28, 29). Comorbid emotional disorders may also play a role; 

fibromyalgia is frequently accompanied by depression and anxiety disorders (30, 31), which 

in turn are associated with impaired facial emotion recognition (5, 6).

In addition to these mechanisms, the cognitive deficits seen in fibromyalgia patients may 

interfere with the accurate identification of facial emotion expressions. Neuropsychological 

testing has repeatedly documented poorer performance of fibromyalgia patients in most 

domains of cognitive functioning (32-34). Moreover, a number of studies of healthy 

individuals revealed positive correlations between performance on various cognitive tests 

and facial recognition tasks (3, 35, 36). Recent meta-analyses confirmed the existence of 

moderate positive associations of facial emotional recognition with abilities like visual-spatial 

thinking, language processing, memory, processing speed, as well as general intelligence (3, 

37). Therefore, it may be that deficiencies in facial emotion recognition in fibromyalgia are 

related to both the cognitive and emotional impairments that characterize the disorder.
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In the present study, the possible role of executive functions in facial emotion recognition 

was investigated in fibromyalgia. Executive functions refer to complex control mechanisms 

that facilitate dynamic regulation of human cognition and behavior (38). Using factor analysis 

and linear structure modeling, Miyake and colleagues (39), identified three main components 

of executive functions: shifting, updating and inhibition. The shifting component involves 

processes that enable switching between multiple tasks or mental operations. Updating 

refers to the monitoring of incoming information, evaluating its relevance to ongoing tasks, 

and replacing old information in working memory with relevant new information. The 

inhibition function includes the ability to consciously inhibit or override dominant or automatic 

responses. Facial emotion recognition is regarded as a complex process, which requires 

coordination of various basic operations and manipulation of visual, semantic and affective 

information (40). Therefore, its successful implementation may strongly depend on executive 

functions. In fact, this has been confirmed by the positive correlations between measures of 

executive functions and recognition accuracy in patients with schizophrenia and affective 

disorders (41, 42). Moreover, deficits in executive functions in fibromyalgia have been seen 

in numerous studies. Patients performed worse than healthy individuals on classical 

executive function tasks like the Stroop Test (43), n-back task (44), verbal fluency task (44), 

Wisconsin Card Sorting Test (45) and Iowa Gambling Task (55).  

The present study aimed to replicate and extend the finding of Weiß and colleagues of 

impaired recognition of facially expressed emotions in fibromyalgia (11). In addition to poorer 

recognition performance in patients, the original study revealed inverse relationships of pain 

severity, alexithymia, and levels of depression and anxiety with performance. However, the 

possible relevance of cognitive deficits to the recognition impairment has not been 

investigated so far. Therefore, in our study a group of fibromyalgia patients and a healthy 

control group completed a comprehensive battery of tasks assessing the three components 

of executive functions, in addition to a facial recognition task. Moreover, possible effects of 

psychiatric comorbidity and medication on facial emotion recognition were evaluated. In 
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particular, psychoactive drugs such as antidepressants, anxiolytics and opiates may affect 

cognitive and affective variables in fibromyalgia (46).

Methods

Study Design and Participants

This study was part of a larger project on cognition and emotion in fibromyalgia (44, 47). It 

was carried out using a cross-sectional design. In total, 52 fibromyalgia patients and 32 

healthy control subjects participated. To minimize the likelihood of inclusion of participants 

with age-related cognitive decline, the age range of both groups was restricted to 18 to 65 

years. Only individuals with an education level sufficient to complete the cognitive tasks were 

included. Due to the higher prevalence of fibromyalgia in women than men, and to avoid 

potential gender-related confounding factors, the sample was restricted to women. All 

patients were recruited through the Fibromyalgia Association of Jaen (Spain); they were 

examined by a rheumatologist and met the 1990 and 2010 American College of 

Rheumatology criteria for fibromyalgia (12, 48). Exclusionary criteria for the fibromyalgia 

group comprised neurological disorders (in particular those affecting cognitive performance 

like brain injury or cerebrovascular disorders), cardiovascular diseases, metabolic 

abnormalities, and severe somatic (e.g., malignant disease during the past 5 years) or 

psychiatric (e.g., psychotic disorders, bipolar disorder, obsessive-compulsive disorder or 

drug addiction) disorders. The control group was recruited from the community via local 

advertisements and snowball sampling. The same exclusionary criteria were applied to 

controls as to patients. In addition, controls were required to be free from chronic pain of any 

kind and to not have a first-degree relative diagnosed with fibromyalgia. However, individuals 

with transient acute pain (e.g., menstrual pain, pain due to muscle strain or tension) were 

allowed to participate. Table 1 presents the sociodemographic and clinical data of both study 

groups. The patients and healthy controls did not differ significantly in terms of age, duration 

of education or body mass index (BMI).

Official Journal of the American Academy of Pain Medicine

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnab024/6128522 by guest on 09 February 2021



7

*Table 1*

The sample size was estimated based on the two main study aims, i.e. comparison of 

fibromyalgia patients with healthy individuals in terms of facial emotion recognition and 

quantification of the associations between executive functions and facial recognition in 

fibromyalgia patients. The correlations between cognitive performance and facial recognition 

observed in healthy and clinical samples strongly differed between studies, where most of 

them were in the medium range (4, 40-42). Assuming a correlation of .4, alpha level of 5% 

and beta error of 20%, power analysis revealed that a sample size of 49 was required for the 

patient group. The sample size estimation for the group comparison was based on previous 

studies comparing patients with fibromyalgia or psychiatric disorders with healthy individuals 

in terms of facial recognition, which revealed effects sizes (Cohen´s d) typically between .2 

and .6 (5, 6, 9-11). Expecting an effect size of .4, an alpha level of 5% and a beta error of 

20%, power analysis yielded a total sample size of 78 (Cohen, 1988). Following a somewhat 

more conservative strategy, we included 52 fibromyalgia patients and 32 healthy controls in 

the study.

Emotion Recognition Task

The computerized version of the Ekman-60 Faces Test (EK-60 F) (49, 50) was used to 

assess facial emotion recognition. This task consists of 60 black and white portrait 

photographs (front view) of 10 professional actors (6 women, 4 men) displaying the six basic 

emotions of happiness, sadness, anger, fear, surprise and disgust (10 pictures per category). 

Pictures were presented on the screen in a randomized order for 5 s each. Each picture was 

followed by a categorization task, where participants had to classify the face into one of the 

six emotional categories. Responses were made via the computer keyboard without any time 

limit. After each keystroke, a black screen was shown for 5 s, followed by the next picture. 

Task performance was indexed by the sum of correct responses per emotional category, in 

addition to the total number of correct responses.
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Cognitive Tests and Clinical Assessment

The following tests were primarily used to assess the executive function of updating:

The Letter Number Sequencing task is a subtest of the Wechsler Adult Intelligence Scale 

(WAIS-III) (51), in which the participant is read a list of numbers and letters, and has to recall 

the numbers in ascending order and the letters in alphabetical order (21 trials). The number 

of correct responses indicates task performance.

In the Spatial Span subtest of the Wechsler Memory Scale (WMS-III) (52), 10 three-

dimensional cubes are placed at a table in front of the participant. The experimenter touches 

several cubes in a set sequence (sequence length, 2 to 9 items); thereafter, the participant is 

asked to touch the cubes in the same (forward span), or the reverse (backward span), 

sequence (32 trials). In order to limit the number of variables, and because of the strong 

correlation between forward and backward span (r = .49), test performance is represented by 

the sum of all correct responses.

During the Arithmetic subtest of the WAIS-III, the participant has to solve 20 story-type 

arithmetic problems within a restricted time period ranging between 15 and 120 s. 

Performance is represented by the number of correct answers.

The Verbal Fluency task (53) requires production of the largest possible number of words 

starting with the letters F, A and S (1 min per letter). The total number of words produced 

indexes task performance.

The Ruff Figural Fluency Test (54) involves five different arrangements of dots on a sheet of 

paper. The participant is asked to draw as many unique designs as possible by connecting 

the dots in different patterns (60 s per arrangement). Task performance is indexed by the 

total number of unique figures produced.
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In the Similarities subtest of the WAIS-III, the participant reads word pairs representing 

objects or concepts, and has to indicate how these objects/concepts are similar (analogical 

reasoning). The number of correct responses represents performance.

The following tasks were primarily used to assess the inhibition and shifting functions:

The Color Word Interference Test (Stroop Test) (55) consists of four different parts, each 

comprising 50 items. In Part 1 (color naming), the colors of patches have to be named as 

quickly as possible; in Part 2 (reading), the words “blue”, “red” and “green”, printed in black, 

have to be read. In Part 3 (inhibition), these color words are presented in incongruent colors 

(e.g., red written in blue color) and the participant must name the color while ignoring the 

word meaning. Part 4 (shifting) is based on the same items as Part 3, but the response mode 

switches between reading and color naming according to a visual signal. Inhibition 

performance is indexed by the difference in execution time between the inhibition and color 

naming conditions (Part 3 vs. Part 1); shifting performance is represented by the time 

difference between shifting and inhibition (Part 4 vs. Part 3). Lower shifting and inhibition 

scores reflect better performance.

In the Five Digits Test (56), a series of 50 squares are displayed on the computer screen, 

each of which contains one to five digits or asterisks. In Part 1 (reading), the participant has 

to read the digits as quickly as possible; in Part 2 (counting), the asterisks must be counted. 

In Part 3 (interference), the digits are counted. The requirements of Part 4 (shifting) are 

identical to those of Parts 1 and 2 (reading and counting, respectively); however, the task 

mode changes between trials according to a visual signal. Inhibition is indexed as the time 

difference between Part 3 and the mean of Parts 1 and 2; shifting is quantified according to 

the time difference between Part 3 and the mean of Parts 1 and 2. Lower scores reflect 

greater inhibition and better shifting performance.

During the Wisconsin Card Sorting Test (57), the participant assigns a series of 64 cards 

displaying different symbols to one of four reference cards. The cards can be matched by the 

symbols´ number, color or shape. The participant is unaware of the assignment rule 
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(number, color, shape), but receives feedback after each trial (correct/incorrect). The rule 

changes after 10 consecutive correct responses, such that the assignment strategy has to be 

changed accordingly. In this study, shifting performance was indicated by the percentage of 

perseverative errors, i.e. incorrect responses that would have been correct for the preceding 

rule.

Mental disorders in both samples were diagnosed using the Structured Clinical Interview for 

Axis I Disorders of the Diagnostic and Statistical Manual for Mental Disorders (SCID) (58). 

The SCID is an internationally recognized interview guide for diagnosing prevalent 

psychiatric problems, including affective and anxiety disorders.

Procedure

The study was conducted over two sessions performed on the same day, each of which 

lasted approximately 2 hours. During the first session, a clinical psychologist conducted the 

SCID interviews, recorded the prospective patients’ sociodemographic and clinical data, and 

evaluated them in terms of the inclusion and exclusion criteria. Five prospective participants 

with fibromyalgia had to be excluded for the following reasons: not meeting the age criterion 

(1 patient), alcohol problems (1 patient), opiate dependence (1 patient), recently diagnosed 

cancer (1 patient) and semi-illiteracy (1 patient). Five prospective controls we excluded due 

to alcohol problems (3 individuals), suspected schizophrenia (1 individual) and the existence 

of a first-degree relative with fibromyalgia (1 individual). Performance testing was conducted 

during the second session. First, the EK-60 F was completed, followed by cognitive tests 

presented in the following fixed order: Letter Number Sequencing, Arithmetic, Spatial Span, 

Verbal Fluency, Similarities, Stroop Test, Five Digits Test and Wisconsin Card Sorting Test. 

The study was approved by the Ethics Committee for Human Research of the University of 

Jaén and all participants provided written informed consent.

Official Journal of the American Academy of Pain Medicine

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/advance-article/doi/10.1093/pm
/pnab024/6128522 by guest on 09 February 2021



11

Statistical Analysis

Emotion recognition was analysed using ANOVA with the between-subjects factor of group 

(fibromyalgia patients vs. control group) and the within-subject factor of emotional category 

(happiness, sadness, anger, fear, surprise, disgust). The number of correct classifications in 

the six categories served as the dependent variable. Furthermore, possible biases related to 

psychiatric comorbidity and psychotropic medication were tested in the fibromyalgia group by 

means of a stratified analysis, where patients suffering and not suffering from depression or 

anxiety disorders and those using and not using antidepressants, analgesics, anxiolytics or 

opiates, were compared. For this purpose, ANOVA with the between-subjects factors of 

group (according to diagnosis or medication) and the within-subject factor emotional category 

was performed on the patients. In cases of violation of the sphericity assumption, the 

Greenhouse-Geisser correction was applied. The original degrees of freedom and corrected 

p values are provided. Relationships between executive functions and emotional recognition 

were quantified in the fibromyalgia group by Pearson correlations, including all of the 

cognitive test outcome measures and the total number of correct classifications on the EK-60 

F. To control for the possible impact of education level on emotion recognition, duration of 

education was adjusted for when computing the correlations. In addition, multiple regression 

analysis was computed with the cognitive test outcome measures as predictors and the total 

number of correct classifications on the EK-60 F as the dependent variable.

Results  

Figure 1 shows the numbers of correct classifications in the six emotional categories of the 

EK-60 F for both study groups. Recognition accuracy was lower overall in the fibromyalgia 

patients than healthy individuals. ANOVA revealed a main effect of group (F[1,82] = 13.55, p 

< .001,  = .14). In addition, a main effect of emotional category was seen, indicating 𝜂2
𝑝

differences in recognition accuracy among the six emotional categories within the whole 

sample (F[5,410] =  34.07, p < .001,  = .29). Accuracy was highest for the category of 𝜂2
𝑝
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happiness, followed by disgust, surprise, anger, sadness and fear. The interaction between 

the factors was not significant, suggesting that the group difference in recognition accuracy 

did not vary as a function of emotional category (F[5,410] = 1.34, p = .25,  = .016).𝜂2
𝑝

*Figure 1*

The stratified analyses in the fibromyalgia group did not reveal differences in the number of 

correct classifications between patients suffering and not suffering from comorbid depression 

(group effect: F[1,50] = 0.15, p = .70,  = .003), nor between those suffering and not 𝜂2
𝑝

suffering from comorbid anxiety disorders (group effect: F[1,50] = 1.51, p = .23,  = .029). 𝜂2
𝑝

Moreover, recognition accuracy did not differ between patients taking antidepressants, 

anxiolytics, non-opioid analgesics or opiates and those not taking these medications (group 

effect antidepressant use: F[1,50] = 3.17, p = .081,  = .060; group effect anxiolytic use: 𝜂2
𝑝

F[1,50] = 0.33, p = .57,  = .007; group effect non-opioid analgesic use: F[1,50] = 0.001, p = 𝜂2
𝑝

.98,  < .001; group effect opiate use: F[1,50] = 0.022, p = .88,  < .001). While all of these 𝜂2
𝑝 𝜂2

𝑝

ANOVA models revealed an effect of emotional category (all p < .001), no group by 

emotional category interactions were seen (all p ≥ .38). 

Table 2 lists the correlations in the fibromyalgia group between cognitive parameters and the 

total number of correct classifications, with adjustment for duration of education. All 

correlations, except Spatial Span and the Shifting index Stroop Test outcomes, reached 

significance. As higher values on the Stroop Test, Five Digits Test and Wisconsin Card 

Sorting Test outcome measures indicate lower task performance, all correlations denote 

associations between higher executive function performance and better facial emotion 

recognition. 

*Table 2*

Regression analysis in the fibromyalgia group revealed an R value of .67 for the overall 

model; the beta weights and collinearity statistics (tolerance, VIF) are delineated in Table 3. 

None of the beta weights reached significance. The correlations between the cognitive test 
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outcome measures are presented in the Supplementary Material. In total, 44 of the 55 

correlations were significant, suggesting close associations between the predictors. Together 

with the relatively low tolerance and high VIF values for some of the predictors, this suggests 

the presence of collinearity in the multivariate model.

*Table 3*

Fibromyalgia patients exhibited poorer performance on most of the cognitive test outcome 

measures. The results are reported in detail elsewhere (44).

Discussion

This study analyzed the ability of fibromyalgia patients to recognize facially expressed 

emotions, and the association of this ability with executive functions. Patients made more 

errors overall in the classification of faces according to their expressions than healthy 

individuals. Moreover, recognition accuracy correlated positively with performance on 

executive function tasks. Facial emotion recognition did not vary as a function of comorbid 

depression or anxiety disorders, or with the use of antidepressants, anxiolytics, analgesics or 

opiates.

Our finding of impaired emotion recognition replicates that of Weiß and colleagues (11), in 

which fibromyalgia patients, as compared to healthy controls, exhibited more errors in the 

classification of images showing happy, angry, anxious, sad, disgusted and neutral faces 

taken from the Karolinska Directed Emotional Faces Battery (59). The magnitude of the 

group difference was identical in both studies, at  = .14. The lack of an interaction effect in 𝜂2
𝑝

the ANOVA suggested that the patients´ difficulty in identifying the expressions did not vary 

as a function of emotional category, which is also consistent with the original study. Just as in 

the present analysis, Weiß and colleagues (11) did not find evidence indicating that 

psychiatric or psychotropic medication accounts for the impairments. 
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In this study, correlations between cognitive test scores and correct classifications on the EK-

60 F suggested associations between the executive function components of updating, 

shifting and inhibition with emotional recognition. The inhibition component was represented 

by the corresponding indices of the Stroop Test and Five Digits Test, which were related to 

classification accuracy. Perseverative errors on the Wisconsin Card Sorting Test reflect 

shifting ability, that is, the ability to flexibly switch between different task rules. In addition to 

this parameter, the shifting index of the Five Digits Test also predicted correct classifications. 

The Letter Number Sequencing task requires the retention and manipulation of information in 

working memory, such that the correlation obtained for this parameter suggests an 

association of the updating component with emotional recognition. This is also supported by 

the correlations of the Arithmetic, Verbal Fluency, Ruff Figural Fluency and Similarities tasks 

with correct classifications. Although the requirements of these tasks are more 

heterogeneous, they all exhibit high load on the updating component (for a detailed 

discussion pertaining to the assignment of the tasks to the three executive function 

components, see (44)). It is important to note that fibromyalgia patients performed worse 

than healthy individuals on almost all of the tasks (44). As such, the data support the 

hypothesis that deficiencies in executive functions are associated with the difficulty in 

identifying emotional expressions experienced by fibromyalgia patients. However, it must be 

acknowledged that the shifting index of the Stroop Test and the Spatial Span task were 

unrelated to classification accuracy, which somewhat restricts our ability to draw conclusions 

regarding the role of shifting and updating in emotional recognition.

Regression analysis revealed an R value of .67 for the overall model, suggesting that the 

cognitive test scores together explained a substantial proportion (45%) of the variance in 

facial recognition performance. In contrast, none of the beta weights of the predictors 

reached significance. This may mainly be ascribed to the substantial correlations between 

the predictors (multicollinearity) in the multiple regression model. However, the correlations 

are consistent with current theories of executive functions such as Miyake´s model (39), 

which our classification is based on. Factor analysis and structural equation modelling 
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suggested that updating, shifting, and inhibition constitute dissociable latent variables; 

nevertheless, these three components are closely associated with each other (39). 

Regression analysis is the method of choice to quantify the degree to which a specific 

variable predicts a criterion, independent of other variables. However, in our study it could 

not be hypothesized that the cognitive test scores would be independent predictors of facial 

recognition performance, so the relationships between executive functions and emotion 

recognition are better reflected by the first order correlations. 

Identification of emotions expressed by the human face constitutes a complex ability 

comprising several stages of information processing, which may be affected by the cognitive 

deficits associated with fibromyalgia (3, 40) (see Figure 2). The early stages involve the 

encoding of visual information, which mainly requires basic perceptual and attentional skills. 

Deficits in basic attentional functions, which are prevalent among fibromyalgia patients, may 

interfere with these processes (32, 60, 61). During later stages, the encoded information is 

integrated with preexisting semantic and affective knowledge about facial expressions, which 

enables identification of a particular emotion. By definition, executive functions are crucial to 

the latter processes. To ensure their successful implementation, information from the seen 

face, and information retrieved from long-term memory, have to be maintained and 

monitored in working memory (updating); relevant subtasks have to be coordinated while the 

cognitive focus switches between them (shifting). In addition, confounding effects of 

irrelevant information have to be controlled (inhibition). In our study, the correlations for most 

of the cognitive test scores were in the medium range, which may indicate that the three 

functional components contribute to facial emotion recognition to similar extents.

*Figure 2*

Previous studies revealed evidence of the implication of executive functions in impaired facial 

emotion recognition in schizophrenia (10, 62). For example, Lee and colleagues (41) 

reported that the number of perseverative errors on the Wisconsin Card Sorting Test 

accounted for 25% of the variance among patients in performance on a facial recognition 
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task. In addition, the speed of performance on the test, indexed by the total number of 

correct responses and the number of categories completed, predicted recognition accuracy 

(63, 40). Moreover, correlations between the variables of the Wisconsin Card Sorting Test 

and facial emotion recognition were seen in patients with bipolar disorder (42). In healthy 

individuals, associations between cognition and emotion recognition have mainly been 

studied using intelligence tests. Moderate positive correlations were seen for measures of 

fluid and crystalized intelligence (see (3) for an overview). Although they are concerned with 

different psychological constructs, most of the applied tasks have a high load on executive 

functions.

In central nervous system information processing, the interactions of pain experience, 

executive functions and emotion recognition may involve a network of cortical and limbic 

structures. The prefrontal cortex, which is the core neuroanatomical correlate of executive 

functions, also plays a key role in decoding facial expressions (64, 65). For example, 

impaired emotion recognition in schizophrenia has been related to blunted prefrontal activity 

(40, 66). In addition, the amygdala and insula are implicated in emotional recognition. 

According to neuroimaging studies, the amygdala is sensitive to the valence of facially 

expressed emotions (65, 67). Moreover, impairments in emotion recognition are 

accompanied by reduced activity in the insula (68, 69). Therefore, networks within the 

prefrontal cortex, and connections with limbic structures, may mediate the dependence of 

emotional face recognition on executive functions. Another possible causal pathway refers to 

interference of pain processing with both cognition and emotional communication. A 

neuromatrix of pain has been identified, which includes structures such as the 

somatosensory and prefrontal cortices, the anterior cingulate, insula, amygdala and thalamus 

(70). This matrix partially overlaps with the aforementioned networks; specifically, the 

prefrontal cortex, amygdala and insula also mediate executive functions and/or emotional 

recognition. Exaggerated activity in the pain neuromatrix is widely acknowledged as the core 

pathogenic factor in the hyperalgesia characterizing fibromyalgia (16). This implies increased 

demand on the prefrontal cortex and limbic structures, and thus reduced processing 
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resources for executive function and emotional recognition, which may interfere with optimal 

performance.

It is evident that additional mechanisms that do not significantly depend on higher cognitive 

processes also contribute to facial emotion recognition and impairments in this ability. As 

initially stated, alexithymia may link fibromyalgia pain with deficient emotional communication 

(11). Moreover, mechanisms of emotional contagion may play a role. In terms of emotional 

mimicry, the perception of an affective expression leads to automatic imitation of the 

expression by the observer (71). Afferent feedback, in turn, triggers the experience of the 

affective state that is being mimicked (72). Accordingly, observing an emotional face 

expression is associated with activation in neural structures that are also active during first-

hand experience of this emotion (73). Emotional contagion is considered important in 

empathy and compassion, but it may also facilitate identification of others´ emotional states 

(74). However, abnormalities in emotional processing related to fibromyalgia, such as 

negativity bias, emotional avoidance or alexithymia, as well as negative emotions like 

depression and anxiety, may interfere with these processes, leading to misinterpretation of 

the facial expressions of others.

The study used a cross-sectional design and some relevant variables may not have been 

assessed; therefore, the putative causal pathways between fibromyalgia, executive functions 

and emotional face recognition must remain hypothetical and alternative explanations cannot 

be ruled out. Face recognition and executive functions are both affected by mood 

impairments and anxiety (5, 6, 75, 76). Considering this, the associations between cognitive 

performance and recognition accuracy to some degree may be due to third variable effects of 

mood impairments and anxiety. In future research, causal relationships could be explored by 

intervention studies. Executive functions can be improved by training, and by 

pharmacological agents such as methylphenidate (77-79). It has also been reported that 

methylphenidate reduced perceived interference of fibromyalgia pain with concentration, 

energy and mood (80). To establish the causal role of poor executive functions in deficient 

emotional recognition in fibromyalgia, whether such interventions also enhance recognition 
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performance could be examined. In addition, studying the possible effects of interventions 

targeting emotional processing on executive functions and emotional face recognition may 

be worthwhile (81, 82). For example, emotional awareness and expression therapy proved 

beneficial for reducing pain, emotional symptoms and subjective cognitive impairments in 

fibromyalgia (82). Through such interventions, the causal role of emotional dysregulation in 

executive function impairments and poor emotional identification could be investigated in 

fibromyalgia patients.

The comparison of patient subgroups distinguished according to psychiatric comorbidities did 

not indicate a substantial role of depression and anxiety disorders in the recognition 

impairment; however, this analysis was limited in scope by the relatively small size of the 

subgroups, leading to low power of the statistical tests. The group comparison does not 

provide information concerning the role of comorbidities and medication use, because the 

groups were not matched in terms of these variables. Another limitation was the restriction of 

the cognitive assessments to executive functions; it is evident that attentional processes also 

play a role in facial emotion recognition, in particular during its early stages (3, 40). 

Moreover, the exclusive use of executive function tests precludes inference regarding the 

degree to which executive function deficits specifically contribute to impaired facial emotion 

recognition in fibromyalgia. To obtain further information concerning this matter, future 

studies should use cognitive parameters that are explicitly hypothesized not to correlate with 

recognition performance; assessment of general intelligence may also be useful. Another 

constraint relates to the Ekman-60 Faces Test; a ceiling effect arose in the happiness 

category, where both study groups identified nearly all expressions correctly. In addition, 

some of the applied cognitive tasks, especially the WAIS-III and WMS-III subtests, cannot be 

considered “state-of-the-art” and may be inferior to more recently developed computerized 

tests. Finally, as only women participated in the study, the generalizability of the findings to 

male fibromyalgia patients remains unknown.
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Conclusions

In conclusion, this study provides further support for the notion of impaired emotional face 

recognition in fibromyalgia. As a complex process, facial emotion recognition may rely 

heavily on efficient coordination by executive functions. The association between cognitive 

test performance and recognition accuracy, together with the executive function deficit in 

fibromyalgia, implicates higher cognitive functions in the observed impairment. While 

accurate interpretation of the facial expressions of our fellow human beings facilitates 

emotional connections and interpersonal communication, impairments may negatively affect 

relationships and social wellbeing. Interpersonal difficulties such as communication problems 

with friends and family, conflicts or social isolation are prevalent in fibromyalgia patients (13). 

In turn, such interaction problems and poor social resources are believed to play a role in 

pain chronification (83). This may also be relevant with respect to the optimal psychological 

therapy for the disorder. The inclusion of measures aimed at improving affective decoding 

and general emotional communication in cognitive-behavioral and emotional awareness 

programs of pain management might be useful (82, 84). 
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1. Table 1. Demographic and clinical characteristics of the study population; values of 
t[82] or x2 and p of the group comparison (M = mean, SD = standard deviation).

Fibromyalgia 
patients (N = 52)

Control group 
(N = 32)

M ± SD / N (%) M ± SD / N (%) t[82] / x2 p

Age (years) 51.25 ± 8.67 52.94 ± 6.59 -0.95 .35

Duration of education (years) 9.27 ± 3.52 10.59 ± 3.64 -1.65 .10

BMI (kg/m2) 28.29 ± 4.49 26.49 ± 4.36 1.80 .075

Depression (N, %) 22 (42.30 %) 2 (6.25 %) 12.62 <.001

Anxiety disorders (N, %) 25 (48.08 %) 7 (21.88 %)  5.77 .016

Antidepressant medication (N, %) 27 (51.92 %) 2 (6.26 %) 18.28 <.001

Anxiolytic medication (N, %) 35 (67.31 %) 8 (25.00 %) 14.19 <.001

Non-opioid analgesic medication (N, %) 45 (86.5 %)              8 (25.00 %) 32.22 <.001

Opiate medication (N, %) 23 (44.2 %) 0 (0.00 %) 16.49 <.001

Note: Anxiety disorders include panic disorder, generalized anxiety disorder, phobias and 

adjustment disorder.
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Table 2. Partial correlations between cognitive test parameters and the total number of 

correct classifications on the EK-60 F, controlling for duration of education, in fibromyalgia 

patients.

Test r P

Letter Number Sequencing .26 .034

Arithmetic .43 .001

Spatial Span .16 .14

Verbal Fluency .41 .001

Ruff Figural Fluency Test .34 .007

Similarities .40 .002

Stroop Test: Inhibition -.24 .043

Stroop Test: Shifting -.16 .14

Five Digits Test: Inhibition -.30 .015

Five Digits Test: Shifting -.41 .002

Wisconsin Card Sorting Test -.35 .006

Note: Higher scores on the Stroop Test, Five Digits Test and Wisconsin Card Sorting Test 

indicate lower task performance; higher scores on all other tests indicate better task 

performance.
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Table 3. Regression analysis in the patient sample for the prediction of the total number of 

correct classifications on the Ekman-60 Faces Test by the cognitive test parameters.

Test Standardized 
beta p Tolerance VIF

Letter Number Sequencing -.13 .53 .36 2.78

Arithmetic .15 .44 .39 2.59

Spatial Span -.18 .32 .42 2.36

Verbal Fluency .22 .22 .47 2.14

Ruff Figural Fluency Test .17 .37 .42 2.38

Similarities .27 .16 .39 2.57

Stroop Test: Inhibition .04 .87 .21 7.76

Stroop Test: Shifting -.11 .55 .44 2.29

Five Digits Test: Inhibition -.20 .38 .27 3.72

Five Digits Test: Shifting -.03 .89 .28 3.57

Wisconsin Card Sorting Test -.19 .23 .57 1.75

Note: VIF = variance inflation factor
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Figure legends

Figure 1. Number of correct classifications of emotional face displays (bars indicate standard 

errors of the mean)

Figure 2. Processes involved in facial emotion recognition and possible interference by 

cognitive impairments in fibromyalgia
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