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Objectives: Our understanding of brain fog, or dyscognition, among youth with juvenile fibromyalgia syndrome is limited. We aimed to determine the prevalence of subjective (self-reported) and objective dyscognition, as well as factors associated with subjective dyscognition in juvenile fibromyalgia syndrome.

Methods: A cross-sectional cohort study of patients (n = 31) 12-17 years old diagnosed with primary juvenile fibromyalgia syndrome and one of their parents from 2017 to 2019. Subjects completed a series of survey measures and patients completed a brief neurocognitive battery. Subjective dyscognition was determined based on scores on the Pediatric Quality of Life Inventory (PedsQL) Cognitive Functioning Scale and Behavior Rating Inventory of Executive Function (BRIEF-2) global executive composite (GEC). Objective dyscognition was defined as impairment of more than two standard deviations in any of the neurocognitive domains. We used Fisher's exact test or Wilcoxon rank-sum test, as appropriate, to compare clinical patients based on the presence of dyscognition. Multivariable logistic regression modeling was performed to determine factors associated with subjective dyscognition.

Results: Of the 31 subjects, 65% reported subjective dyscognition and 39% had objective dyscognition, primarily in the domains of psychomotor speed (23%), executive function (23%), and attention (3%). Subjective dyscognition was not indicative of objective dyscognition. Subjective dyscognition was independently associated with functional disability (OR: 1.19 [95% CI: 1.02-1.40]) and anxiety (OR: 1.12 [95% CI: 1.02-1.24]).

Discussion: Adolescents with fibromyalgia predominantly experience subjective dyscognition but more than 1/3 also experience objective dyscognition. Future research should explore the impact of interdisciplinary rehabilitation programs on the treatment of dyscognition in youth with JFMS.
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INTRODUCTION

Approximately 50% of adults with fibromyalgia report cognitive impairment (referred to as brain fog or “fibro fog”) including difficulty in ability to attend, concentrate, remember, use language, multitask, and organize information (1, 2). This co-morbid neuropsychological symptom pattern in adults with fibromyalgia has been termed cognitive dysfunction or dyscognition, which includes loss of mental clarity and problems with attention and memory (3–6). Dyscognition in fibromyalgia encompasses objective cognitive difficulties on neuropsychological tests and also self-reported cognitive complaints (7, 8). From previous studies in adults with fibromyalgia syndrome, however, it is unclear whether patients' self-reported dyscognition is subjective or if they, in fact, experience objective dyscognition as measured by neurocognitive testing (3–5, 9, 10).

Dyscognition in adults with fibromyalgia has been identified in five cognitive domains: executive function, working memory, semantic memory, episodic memory, and attention (8, 11). Executive function is a broad term referring to functions mediated by the frontal lobe (3). Working memory is involved in storing and processing information and the ability to multitask. Attention allows the brain to select the relevant inputs for storage and processing into working memory. Semantic memory is the knowledge of words or facts and episodic memory is the ability to recall and mentally re-experience specific episodes from one's personal past. Many factors may contribute to a patient's neurocognitive function including resilience, depression, anxiety, sleep, fatigue, and pain. Therefore, these factors should be formally assessed when evaluating an individual's cognitive functioning.

Dyscognition has numerous socioeconomic and psychosocial sequelae in adults with fibromyalgia including functional disability, unemployment, and increased healthcare utilization (12, 13). These consequences are of even greater importance in children because dyscognition can contribute to school absenteeism, academic problems, and over-medicalization (13–15). Juvenile fibromyalgia syndrome (JFMS) is a pediatric non-inflammatory musculoskeletal pain syndrome characterized by widespread pain for ≥3 months accompanied by a host of somatic complaints (4, 16, 17). There is, however, a paucity of research systematically examining dyscognition in patients with juvenile fibromyalgia syndrome (18).

We aimed to determine the prevalence of subjective and objective dyscognition, and association between subjective and objective dyscognition in patients with primary JFMS. We hypothesized that similar to adults with fibromyalgia syndrome, youth with fibromyalgia would have a high prevalence of subject dyscognition ranging from 50 to 75% and that rates of objective dyscognition would be lower but substantial (>25%). We also hypothesized that subjective dyscognition (measured via self-report questionnaires) would not be indicative of objective dyscognition (measured via a battery of neurocognitive testing). A secondary objective of this study was to explore factors associated with subjective dyscognition in JFMS. We hypothesized that patients with greater co-morbid anxiety and depression would be more likely to endorse subjective dyscognition.



MATERIALS AND METHODS


Study Population

This was a cross-sectional cohort study conducted at a tertiary care pediatric hospital from July 1, 2017 until October 1, 2019. The study population consisted of adolescents who were 12-17 years old and diagnosed with JFMS according to the 2010 American College of Rheumatology criteria for fibromyalgia syndrome (19) and one of their parents/legal guardians. Patients were evaluated in either the general pediatric rheumatology clinic or pediatric rheumatology pain clinic (goal evaluable n = 30; see power and sample size calculations below). The study received approval from our respective institutional review board. Enrolled patients and parents received compensation for their time and effort.


Inclusion Criteria

Included patients received a primary or provisional diagnosis of JFMS [in accordance with the 2010 American College of Rheumatology Fibromyalgia Syndrome criteria for adults (19)] by a physician at the time of their (1) initial consultation in either the general pediatric rheumatology clinic or the subspecialty pediatric rheumatology pain clinic, or (2) follow-up visit in the pediatric rheumatology pain clinic. Patients and their proxies were required to read or understand English well enough to complete study assessments, proxies had to provide permission (informed consent) for both self and child, and children needed to assent or consent to participation.



Exclusion Criteria

We excluded patients and/or proxies whose current medical status or cognitive functioning precluded completion of the assessment instruments as determined by the principal investigator (PI). Specific examples included (but were not limited to) traumatic brain injury, concussion or other head trauma, cerebral palsy or other chronic neurologic deficit, legally blind, hearing impairment or loss, epilepsy or other seizure disorder, systemic lupus erythematosus, auto-inflammatory brain disease (e.g., central nervous system vasculitis), intellectual disability (e.g., Down's syndrome, developmental delay) and/or autism spectrum disorder. We also excluded subjects who had one or more active prescriptions for a stimulant medication or did not have a legal guardian available to provide consent and/or complete study measures. These exclusion criteria were applied to minimize any confounding medical conditions that might affect cognitive functioning while also not being too restrictive. Study staff members were informed and encouraged to discuss with the PI any potential subjects to confirm the subjects met the eligibility criteria.



Ethics Statement

This study involving human participants was reviewed and approved by the Children's Hospital of Philadelphia Institutional Review Board. The patients/participants provided their written informed consent to participate in this study.




Study Procedures


Data Collected as Part of Routine Clinical Care

Demographics and clinical data collected as part of routine clinical care were abstracted from the electronic medical record for all patients. This included the following: physical exam, vital signs, previous laboratory or imaging results and documentation of current and past medications as well as the following patient-reported outcome measures:

The Functional Disability Inventory (FDI) (20–22) is a 15-item measure assessing the degree to which pain interferes with children's physical and psychosocial functioning over a 2-week period by both child- and parent-report. Higher scores (0-60) indicate greater functional disability. The FDI has demonstrated adequate psychometric properties including reliability and validity with youth ages 8-18 years with chronic musculoskeletal pain. Minimal clinically important difference (MCID) for this measure is a 7.8 point reduction (23) and the score can be categorized into 4 levels of disability: no/minimal (0-12); mild (13–20); moderate (21–29); and severe (≥30) (21, 24).

The Visual Analog Pain Scale (VAS) (25) is a child-report measure assessing pain intensity. Children are given a 100 mm visual analog scale and asked to indicate their pain intensity, with 0 = “no pain” and 100 = “worst pain imaginable” by drawing a mark along the scale. VAS pain intensity ratings have established reliability and validity across many pediatric populations. Minimal clinically important difference (MCID) is a 1-point reduction (26).

The Widespread Pain Index (WPI) (19, 27, 28) is a component of the 2010 American College of Rheumatology Criteria for Fibromyalgia Syndrome. Patients report each of the pre-designated areas of the body where they have experienced pain over the past 7 days, taking into account their current therapies and treatments, and excluding pain or symptoms from other known illnesses. The WPI score ranges from 0 to 19 (with each body region affected receiving one point) with higher values indicating greater involvement of different anatomical regions.

The Symptom Severity Scale (SSS) (19, 27, 28) is a questionnaire that assesses subjects' level of symptom severity across three domains (fatigue; waking unrefreshed; cognitive symptoms) and the extent (severity) of somatic symptoms in general. Scores total between 0 and 12 with higher scores indicating greater severity. In order to meet criteria for fibromyalgia syndrome, a patient must have a WPI ≥ 7 and SSS ≥ 5 or WPI 3-6 and SSS ≥ 9 (in addition to having symptoms for at least 3 months and the lack of a disorder that would otherwise explain the pain).

While designed for an adult population, the 2010 ACR criteria for fibromyalgia syndrome [including both the widespread Pain Index (WPI) and symptom severity scale (SSS)] have demonstrated validity in teenage females who comprise most of the youth with JFMS with very good sensitivity (89%) and specificity (88%). Therefore, while imperfect, they are the only criteria for fibromyalgia that have been analyzed and validated for a pediatric population (29, 30). There are no established data on reliability or the MCID for the WPI or SSS.




Study Measures


Questionnaires

At the time of the study visit both patients and their consented parents completed a series of questionnaires. All the following measures were patient self-report and parent-proxy child report, except for the Resilience Scale 14-item (RS-14), which was completed as a self-report for both patients and parents. Among the following questionnaires, PedsQL multidimensional fatigue scale, PROMIS pediatric global health (PGH-7) measure, and RS-14 scale were completed by the patient-proxy pair on a smart tablet upon arrival in one of the family conference rooms. The remaining measures were administered by an experienced psychometrist under the supervision of a neuropsychologist during the same visit, but in a different location/room. We describe reliability, validity and MCID when appropriate for each of the measures. For more detailed information please see the cited references.

The Patient-Reported Outcomes Measurement Information System (PROMIS) Pediatric Global Health (PGH-7) Measure (31, 32) is a summary assessment of a child's health representing an individual's overall assessment of their health, focusing on physical, mental and social health components (33). Measure reliability is excellent. It was assessed using internal consistency alpha and intraclass correlation coefficients from a test-retest sample. The internal consistency alpha for the child sample was 0.88 and 0.84 for the parent sample. The test-retest reliability coefficients were 0.73 for child report and 0.74 for parent- proxy report. The measure has structural and content validity has demonstrated excellent convergent and discriminant validity with other PROMIS pediatric measures. Raw scores are converted to T-score values with a mean score of 50 (standard deviation of 10). MCID for this measure is 3.0 (33).

The Children's Depression Inventory, 2nd Edition (CDI-2) (34) is a standardized, 28-item assessment of depressive symptoms in children ages 7-17 years. T-scores ≥ 65 identify potentially clinically depressed individuals. The CDI-2 has demonstrated adequate to excellent psychometric properties and is sensitive to changes in depressive symptoms over time. Internal consistency for the CDI-2 self-report is supported by alpha coefficients ranging from 0.67 to 0.91 and good test-retest reliability. Construct validity and discriminant validity have also been established.

The Multidimensional Anxiety Scale for Children, 2nd Edition (MASC-2) (35–37) is a standardized, 50-item questionnaire assessing anxiety symptoms in youth aged 8-19 years. Good internal consistency, discriminant validity, and test-retest reliability have been established. T-scores ≥ 60 indicate increased likelihood of at least one anxiety disorder in the subject.

Behavior Rating Inventory of Executive Function, 2nd Edition (BRIEF-2) (38) is a standardized rating scale used to assess children's executive functions in home and school environments. The BRIEF-2 Self-Report Form is a 55-item standardized self-report measure developed to capture older children's and adolescents' (aged 11-18 years with a fifth-grade or better reading level) views of their own executive functions, or self-regulation, in their everyday environment. The BRIEF-2 Self-Report Form was intended to complement the 63-item BRIEF-2 Parent form in order to meet the need for capturing adolescent's views of their self-regulatory strengths and weaknesses. For all BRIEF-2 clinical scales and indexes, T scores from 60 to 64 are considered mildly elevated, and T scores from 65 to 69 are considered potentially clinically elevated.

The (PedsQL™, Copyright ©1998 JW Varni, Ph.D. All rights reserved) Multidimensional Fatigue Scale (MFS) (39–43) evaluates fatigue in children and adolescents through self- and proxy-reports. The scale assesses multidimensional fatigue through three dimensions/subscales: general (The PedsQL General Fatigue scale), sleep/rest (The PedsQL Sleep/Rest Fatigue scale), and cognitive fatigue (The PedsQL Cognitive Functioning scale) (39, 44, 45). Each subscale consists of a 6-item questionnaire that have been utilized across numerous pediatric chronic conditions, demonstrating significant correlations with the BRIEF-2 in a pediatric head trauma population (39, 44, 45). The questions are answered on a five-point Likert scale (transformed from 0 to 100), with higher scores indicating better health related quality of life (or indicating fewer problems). The PedsQL Multidimensional Fatigue Scale evidenced excellent feasibility, excellent reliability for the Total Scale Scores (patient self-report α = 0.90; parent proxy-report α = 0.95), and acceptable reliability for the three individual scales (patient self-report α = 0.77–0.84; parent proxy-report α = 0.90–0.97) in a population of patients with another pain condition, sickle cell disease (40).

The 14-Item Resilience Scale (46–49) (©2009 Gail M. Wagnild and Heather M. Young. Used by permission. All rights reserved. “The Resilience Scale” is an international trademark of Gail M. Wagnild and Heather M. Young, 1993) is a well-validated questionnaire consisting of 14 items to assess resilience. Scores on this scale range from 14 to 98 with a higher score indicating greater resilience and it has been used for over 25 years in variety of individuals of different ages (including adolescents), socioeconomic, and educational backgrounds although data supporting its use for the younger pediatric population are limited (48, 50, 51). The scale focuses on domains of resilience including purpose, perseverance, self-reliance, equanimity and authenticity. A higher score indicates greater resilience. Specifically, scores below 65 indicate low resilience, between 65 and 81 show moderate resilience, and above 81 include high resilience. The RS-14 has demonstrated internal consistency reliability with Cronbach's alpha coefficients ranging from 0.84 to 0.94.




Neurocognitive Testing

Patients completed an abbreviated neurocognitive battery assessing the domains outlined in Table 1. The battery of neurocognitive tests was conducted on the single study visit date, totaled ~2-3 h, and was administered by an experienced psychometrist under the supervision of a neuropsychologist, who collected the data following a standardized protocol. For each of the listed measures, we describe reliability, validity and MCID when appropriate. For more detailed information please see the cited manuals.


Table 1. Battery of testing to assess neurocognitive function.
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The Wechsler Abbreviated Scale of Intelligence (WASI-II) (52, 53) is an abbreviated measure of cognitive intelligence (ages 6-89 years). It is an instrument that measures an individual's verbal, non-verbal and general cognitive functioning and has excellent internal consistency and test-retest reliability.

The Children and Adolescent Memory Profile (ChAMP) (54) is a comprehensive norm-referenced memory test, assessing both visual and verbal memory, for use with individuals ages 5 through 21 years. Two verbal (i.e., Lists and Instructions) and two visual (i.e., Objects and Places) subtests contribute to six indices: Total Memory, Verbal Memory, Visual Memory, Immediate Memory, Delayed Memory, and Screening.

The Digit Span subtest (55–57) was performed from either the Wechsler Intelligence Scale for Children—Fifth Edition (WISC-V) or Wechsler Adult Intelligence Scale—Fourth Edition (WAIS-IV), depending on the subject's age, to test working memory ability. Children > 16 years of age were administered the Digit Span from the WAIS-IV and ≤16 years old received the version from the WISC-V. In the Digit Span subtest children are verbally given sequences of numbers and asked to repeat them, either as heard, in reverse order, or sequenced from smallest to largest. The subjects' span is the longest number of sequential digits that can accurately be remembered in each condition.

The Conners Continuous Performance Test Third Edition (CPT-3) (58) measures attention-related problems in individuals aged ≥ 8 years. By indexing the respondent's performance in areas of inattentiveness, impulsivity, sustained attention, and vigilance, the CPT-3 can aid in the assessment of Attention-Deficit/Hyperactive Disorder (ADHD) and other neurological conditions related to attention.

Delis-Kaplan Executive Function System (D-KEFS) (59–61) is a neuropsychological test used to measure a variety of verbal and non-verbal executive functions for both children and adults (aged 8-89 years). It comprises nine tests that were designed to stand alone (there are no aggregate measures or composite scores for an examinee's performance). The subtests employed in this study included the Verbal Fluency Test, Trail Making Test, and Color-Word Interference Test. The Verbal Fluency Test measures letter fluency, category fluency, and category switching. The Trail Making Test measures flexibility of thinking on a visual-motor sequencing test. The Color-Word Interference Test measures ability to inhibit a dominant and automatic verbal response. The D-KEFS helps determine how deficits in higher order thinking may impact an individual's functioning.

The Grooved Pegboard Test (62–64) assesses visual-motor coordination, motor speed and fine motor control. This manipulative dexterity test contains 25 holes with randomly positioned slots and pegs which have a key along one side. Pegs must be rotated to match the hole before they can be inserted. This procedure measures performance speed in a fine motor task by examining both sides of the body, inferences may be drawn regarding possible lateral brain damage.



Other Study Measures

The Memory Validity Profile (MVP) (co-normed with ChAMP) was used along with the Medical Symptom Validity Test (MVST) (65, 66) to ensure subjects were not performing poorly due to poor effort. The MVP is a performance validity test specifically designed for, nationally standardized on, and validated for use with children, adolescents and young adults 5-21 years of age. In a study conducted during development, MVP cutoff scores had 100% sensitivity and 100% specificity in detecting feigned memory impairment. The MSVT is a short-computerized verbal memory screening test with multiple subtests measuring memory and response consistency. Performance at or below a score of 85 indicates a failure of the symptom validity subtests.



Statistical Analysis

The outcome of subjective dyscognition (binary) was defined as a Pediatric Quality of Life Inventory (PedsQL) Cognitive Functioning Scale score ≤ 50 or self-reported Behavior Rating Inventory of Executive Function (BRIEF-2) global executive composite (GEC) score ≥ 70. Objective dyscognition (binary) was defined as impairment of more than two standard deviations (SD) in any of the domains in the neurocognitive battery. We assessed the association of clinical signs and symptoms with the presence of subjective and objective dyscognition using Fisher's exact test or Wilcoxon rank-sum test, as appropriate. The association between subjective and objective dyscognition was analyzed via Fisher's exact test. We assessed patient-proxy agreement using intra-class correlation coefficients (ICCs) and mean differences between patient and proxy scores on patient-reported outcome measures using Wilcoxon signed-rank test. Bivariate logistic regression or exact logistic regression was used to evaluate the marginal association of each factor with subjective dyscognition. Factors with p-value < 0.20 were considered in subsequent multivariable logistic regression. Stepwise selection algorithm was used to determine the final multivariable model. For all analyses regarding objective dyscognition, subjects with poor effort based on the Memory Validity Profile (MVP) or Medical Symptoms Validity Test (MSVT) were excluded. The data analyses for this study were performed using SAS 9.4 (Copyright 2002-2012 by SAS Institute Inc., Cary, NC, USA).


Sample Size and Power Calculations

Since the primary objective of this study was descriptive, we calculated sample size and power based on the secondary objective. Assuming the prevalence of subjective dyscognition in subjects with JFMS is 0.70, when the predictor is equal to its mean value, with N = 30 and 80% power at a significance level of 0.05 we determined we would be able to detect a change of this prevalence from 0.70 to 0.88 when the predictor increases by one SD from the mean. This change corresponds to an odds ratio (OR) of 3.1. We therefore aimed to recruit a total of at least 30 evaluable subjects for this study to be adequately powered for the primary study objective.





RESULTS

A total of 34 subjects met inclusion criteria and completed the study (Figure 1). Three subjects were excluded from analyses due to poor performance validity on the MVP/MVST (one of whom also deviated from the study protocol), resulting in 31 evaluable subjects. Table 2 shows patient demographics, clinical characteristics, and results from patient-reported outcome measures, stratified by the presence or absence of subjective dyscognition. Overall, most subjects were female (87%), non-hispanic (90%) and Caucasian (81%). Median age at enrollment was 15 years (IQR: 14-16). Fifteen patients received care in the pediatric rheumatology pain clinic, whereas 16 patients received care in the general pediatric rheumatology clinic. Patients reported prolonged pain, with a median pain duration of 12 months [IQR: 6-36]. Their pain tended to be widespread (median WPI = 11 [IQR: 9-13]) and accompanied by somatic complaints (median SSS=8 [IQR: 7-9]). Pain intensity was moderate with a median VAS score of 59 [IQR: 32-68]). Depression and anxiety were common with 45% of patients having clinical depression and 65% experiencing clinical anxiety according to their CDI-2 and MASC-2 scores, respectively.


[image: Figure 1]
FIGURE 1. Flow chart of participant recruitment. MVP, memory validity profile; MVST, medical symptom validity test.



Table 2. Demographics, clinical characteristics and patient-reported outcome measures (PROs) among adolescents with juvenile fibromyalgia syndrome.
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Sixty-five percent (n = 20) of subjects reported subjective dyscognition. The median score on the BRIEF-2 Global Executive Composite (GEC) score was 58 (IQR: 50-71) and the median score on the PedsQL Cognitive Functioning Scale was 42 (IQR: 25-67). Of those who had subjective dyscognition (n = 20), 40% had abnormal scores on the BRIEF-GEC and 100% had abnormal scores on the PedsQL Cognitive Functioning Scale. Table 3 shows patient-proxy agreement on measures of symptom severity in the cohort. Patient-proxy agreement on mental health and neuropsychological symptoms was good to excellent (ICC ranging from 0.60 [95% CI: 0.19-0.80] to 0.86 [95% CI: 0.71-0.93]) and therefore we focused on the patient self-report for the remaining analyses.


Table 3. Patient-proxy agreement on measures of symptom severity in JFMS (n = 31).
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Of the entire cohort, 39% (n = 12) demonstrated objective dyscognition. The presence of subjective dyscognition was not associated with objective dyscognition (Fisher's exact test, p = 0.29). The neurocognitive battery domains most impaired included complex psychomotor speed (23%), executive function (23%) and attention (3%) (Figure 2) and this was in the setting of good effort on the tests. The children with subjective dyscognition presented with greater anxiety, greater depression, lower resilience, lower health-related quality of life, and greater fatigue in comparison to the children without subjective dyscognition (Wilcoxon rank-sum test, all p < 0.05; Table 2). While it appeared that youth with subjective dyscognition had a longer pain duration (21 months [IQR: 12-26]) than those without subjective dyscognition (10 months [IQR: 5-60]) this was not statistically significant (p = 0.44) (Table 2).


[image: Figure 2]
FIGURE 2. Cognitive domains impaired based on the presence of subjective dyscognition. A total of 12 patients (40%) had impairment on any cognitive domain. No impairments were demonstrated in the domains of general intellect or memory. CPT-3, The Conners continuous performance test, 3rd edition; D-KEFS, Delis-Kaplan executive function system; Grooved pegboard test assessesvisual-motor coordination. Subjects could demonstrate impairments in ≥1 domain.


We explored risk factors associated with the presence of subjective dyscognition. In bivariate logistic regression analysis, higher levels of functional disability (OR = 1.13, p = 0.02), depression (OR = 1.11, p = 0.02) and anxiety (OR = 1.09, p = 0.02) were associated with an increased odds of subjective dyscognition in the cohort, whereas lower HRQoL (OR = 0.82, p = 0.02), resilience (OR = 0.92, p = 0.03), and PedsQL fatigue scores (OR = 0.92, p = 0.01) were associated with a greater odds of subjective dyscognition (Table 4). We excluded depression (CDI-2) from the multivariable logistic regression analysis due to its multicollinearity with anxiety, resilience, and HRQoL measures. In a final multivariable logistic regression model resilience, functional disability and anxiety were found to be independently associated with subjective dyscognition (p < 0.05). Based on the OR estimates, with each increasing point on the functional disability inventory, the odds of subjective dyscognition increased by 19%; and similarly, for each increasing point on the MASC-2, the odds of anxiety increased by 12% (Table 4).


Table 4. Logistic regression predicting odds of subjective dyscognition.
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DISCUSSION

In this cross-sectional study of adolescents with JFMS nearly two-thirds of patients reported subjective dyscognition and this was associated with functional disability and anxiety. The prevalence of subjective dyscognition was similar to what has been reported in the adult literature, with over 50% of adult patients with fibromyalgia (n = 57) experiencing dyscognition (1, 2). In our study, we found that 39% of teens experienced objective dyscognition, with impairments most prominently related to complex psychomotor speed, executive function, and attention. There was not, however, an association between subjective dyscognition and objective dyscognition identified on neuropsychological testing, suggesting that patient self-report of dyscognition may not be adequate in identifying neurocognitive impairment in this patient population.

Our findings are in line with previous research in adults with fibromyalgia syndrome suggesting that characteristic symptoms of the disease, such as depression and fatigue, have an impact on subjective dyscognition (3, 67–70). This relationship can be explained by the fact that affective and physical variables of fibromyalgia syndrome may exacerbate the amount of perceived effort required to perform the cognitive task, however, when confronted with the task, patients have the cognitive skills necessary to perform satisfactorily (9). Therefore, some affected patients may have elevated subjective cognitive deficits without compromising their objective performance on standardized testing. In the authors' experience, this is anecdotally reported by a number of teenagers with JFMS. They can excel academically despite symptoms of dyscognition but endorse that it requires significantly more effort than before the onset of their JFMS diagnosis or more effort than their peers require to succeed academically. Given the high prevalence of subjective dyscognition in patients with JFMS, interdisciplinary physical and psychosocial pain rehabilitation programs should help patients reframe their self-perceived deficits. Targeting resilience and other psychosocial risk factors through cognitive behavioral therapy holds tremendous value for this group of children (23, 51, 71, 72). Similarly, aerobic exercise has been found to have a positive impact on cognitive impairment in several chronic neurologic and psychiatric conditions and therefore may also lead to improvements in subjective dyscognition among youth with JFMS (73–76).

Our findings do suggest, however, that a significant proportion of youth with JFMS have objective neurocognitive deficits even in the setting of good effort. A little more than 1/3 of patients in our study demonstrated some degree of objective dyscognition that had not been previously diagnosed. While we did not include healthy adolescent controls in this study, the findings of objective dyscognition were reported based on normative data for each respective neuropsychological test and therefore are particularly concerning. Furthermore, to put this into the context of other rheumatic diseases, this is similar to the reported prevalence of cognitive dysfunction reported in systemic lupus erythematosus (ranging from 14 to 79%), which tends to affect executive functioning, visual organization and visual-motor functioning and psychomotor speed (77, 78). In contrast, children with juvenile idiopathic arthritis (JIA) have normal neurocognitive functioning (79, 80), unless pain is a predominant feature of their disease. In a study by Upadhyay et al. pain severity was associated with poorer cognitive function among youth with JIA (n = 16) (81). Therefore, additional research is needed to elucidate the neurologic, inflammatory, and other mechanistic underpinnings for these associations between pain and dyscognition. For now, our team recommends consideration of formal neuropsychological testing for youth with JFMS, especially those with subjective symptoms, as well as for youth with other chronic pain conditions.

While the source population for this study was from an outpatient setting staffed by pediatric rheumatologists, our findings have implications for physicians from all medical specialties and potentially impact clinical care across disciplines. First, given the limited workforce of pediatric rheumatologists (82–84), many teens with chronic widespread pain receive care from other specialists and our findings suggest that these providers may want to consider utilizing subjective measures of dyscognition in routine clinical care. Similarly, pain researchers might consider both subjective and objective measures of dyscognition as additional treatment outcomes to study in youth with chronic pain so that our findings can be compared to other pediatric chronic pain populations. Additionally, referrals for neuropsychological testing may be further considered in this patient population. Given the relatively high prevalence of dyscognition (both subjective and objective) in JFMS, providers caring for youth with chronic widespread pain along with symptoms of dyscognition may be more likely to consider whether their patient meets criteria for JFMS and provide referrals for non-pharmacologic multidisciplinary pain programs earlier on in the course of the patient's care.

This study has limitations. First, objective dyscognition was evaluated in a testing environment and not in a real-world setting (therefore having poor ecological validity) (68). Kratz et al. recently published a study assessing dyscognition in the lived environment among adults with fibromyalgia syndrome, compared to healthy controls (68). In this study, they found worse lab-based and ambulatory subjective and objective cognitive function for the fibromyalgia group compared to those without fibromyalgia, however, the authors did not adjust for distinguishing symptoms of fibromyalgia (e.g., pain, fatigue, and depression). Future work in JFMS should replicate this study design assessing dyscognition in one's everyday environment, especially within the school setting. Another limitation is the cross-sectional nature of this study. This study design prevented us from assessing intra-individual variations in cognitive functioning (68). However, we did adjust for symptom duration as well as factors indicative of the severity of one's fibromyalgia (including symptom severity and widespreadness of pain). Our understanding of intra-individual variations in subjective and objective dyscognition would benefit from future longitudinal study designs complemented by neuroimaging studies. The cross-sectional study design means that we cannot infer directionality or causality of our findings. Additionally, while the surveys administered in this study had varying scales and differed in their mode of delivery, there is nonetheless the possibility that common method variance could account for the associations between subjective dyscognition and other self-reported symptoms. Also, while we excluded from our study patients who may have been on stimulant medications for diagnosed attention deficits as a proxy measure for those subjects with pre-existing ADHD, we may not have entirely excluded all possible subjects with a known issue affecting cognitive processing and this may have contributed to our findings on objective dyscognition. Last, similar research needs to be conducted in other pediatric chronic pain populations to determine whether our findings are generalizable to pediatric chronic pain or specific to juvenile fibromyalgia syndrome.

One major strength of our study is its minimization of confounding factors. A benefit of our pediatric rheumatology division is that we emphasize a non-pharmacologic treatment approach for pediatric chronic pain. Therefore, we did not have to address the difficult challenge of monitoring medication intake for this study. Another strength is that we limited our inclusion criteria to youth with primary JFMS, minimizing their likelihood of having a co-morbid pain disorder that may have contributed to their cognitive abilities. However, these restrictive criteria are also responsible, in part, for our study's modest sample size.



CONCLUSIONS

In summary, this study demonstrates that youth with JFMS experience both subjective and objective dyscognition but predominantly the former. Subjective dyscognition appears to be associated with symptoms of anxiety and overall functional disability. Providers managing teenagers with JFMS should consider routine use of self-reported measures of dyscognition in their clinical care as this is an important treatment outcome to consider. This work also has implications for the role of neuropsychologists, social work, and the educational system in facilitating continued academic success for patients with JFMS. Further work should examine dyscognition in JFMS longitudinally and in response to treatment with a combined physical and psychosocial pain rehabilitation program.
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Variables (mean, SD) Patient Proxy Patient-proxy differences 1CC (95% CI)

(N =31) (N=31)

Functional disabilty (FD) 22.45(9.95) 22.10(9.42) 035 (6.89) 086 (0.71-0.98)
Multidimensional fatigue (PedsQL total MFS) 41.03(17.29) 38.55 (18.35) 2.48(13.32) 084 (0.66-0.92)
General fatigue (PedsQL General fatigue) 37.38 (20.50) 3658 (18.07) 081 (15.80) 080 (0.59-0.91)
Sleep (PedsQL sleep) 41.19(19.19) 35.94(19.99) 5.26(14.88) 082 (0.62-0.91)
Cognitive fatigue (PedsQL cognitive functioning) 44.45 (23.85) 4332 (28.95) 1.18 (2052) 083 (0.64-0.92)
Executive functioning (BRIEF-2 GEC T score) 59.13(11.58) 59.13(10.89) 0(11.13) 068 (0.33-0.85)
Depression (CDI-2) 6232 (12.52) 64.42 (13.63) —2.10 (9.66) 084 (0.67-0.92)
Anxiety (MASC-2) 64.90 (14.70) 68.45 (15.52) 355 (16.04) 0.60(0.19-0.80)

Functional disabilty inventory (FDI) scores range from 0 to 60 with greater scores indicating more functionel disebilty. Pediatric Quelty of Life Inventory (PedsQL) Multidimensional
Fatigue Scale (MFS) and the subscales range from 0 to 100 where higher scores indicate less symptoms/problems. Behavior Rating Inventory of Executive Function-2 (BRIEF-2) is a
standarcized rating scale used to assess chidren’s executive functioning where T scores from 60 to 64 are considered mildy elevated, and T scores from 65 to 69 are considered
potentielly clinicaly elevated. The Children’s Depression Inventory, 2nd Edition (CDI-2) is an assessment of depressive symptoms, where T-scores > 65 identity potentialy clinically
depressed indvicuals. The Multicimensional Anxiety Scale for Children, 2nd Edition (MASC-2) assesses anxiety symptoms in youth where T-scores = 60 indicate increased likelhood
of at least one anxiety disorder i the subject. Difference between patient and proxy mean scores were assessed with the Wikcoxon signed-rank test (two tailed). Itra-class correlation
coefficients (ICCs) were rated as follows: poor agreement (<0.40), fair agreement (0.41-0.59), good agreement (0.60-0.74), and excellent agreement (=0.75).
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Patient-reported outcome measures (PROs)

Functional disabilty inventory (FDI) (0-60) 1.13(1.02-1.26) 0.02' 1.19(1.02-1.40) 0.03'
HRQoL (PROMIS global health 7 [PGH7)) 082 (0.69-0.97) 0.02' - -
14-item resilience scale (14-98) 092 (0.85-0.99) 0.03' - -
CDI-2 (depression) 1.11(1.02-1.22) 0.02' - -
MASC-2 (anxiety) 1.09(1.02-1.17) 0.02' 1.12(1.02-1.24) 0.02'
PedsQL general fatigue scale 0.92 (0.87-0.98) oot - -
PedsQL sleep/rest fatigue scale 0.96 (0.91-1.00) 0.06 - -

!p-values suggesting statistical significance.

ORs, Odds Ratios; HRQoL, Health Related Quality of Life assessed using PROMIS (Patient Reported Outcome Measurement Information Syster) measures; CDI-2, The Chiren’s
Depression Inventory, 2nd Edition; MASC-2, The Multidimensional Anxiety Scale for Chilcren, 2nd Edition; PedsQL, The Pediatric Quality of Life Inventory.

Depression was removed from the multivariable model due to multicolinearity. Backward selection method used with Stay Selection Level < 0.15.
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(n=31) dyscognition
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Demographics
Age (median, IQR) 15 (14-16) 15 (14-16) 15 (13-16) 0.90
Female, n (%) 27 87%) 17 (63%) 10 (37%) 0.40
White, n (%) 25 (81%) 16 (64%) 9(36%) 031
Non-hispanic, n (%) 28 (20%) 18 (64%) 10 (36%) 046
Clinical characteristics, median, QR
Pain duration (months) 12 (6-36) 21 (12-36) 10 (5-60) 0.44
Pain visual analog scale (VAS) (0-100) 59 (32-68) 60 (52.5-67.5) 52 (16-68) 023
Widespread pain index (WPI) (0-19) 11(9-13) 11(85-13) 12 (9-14) 054
Symptom severity score (SSS) (0-12) 8(7-9) 9(7-9.5) 7(5-9 0.05
Patient-reported outcome measures (PROs), median (IQR)
Functional disability inventory (FDI) (0-60) 23 (15-31) 255 (17-33) 16 (10-26) 0.02'
HRQOL [PROMIS global health 7 (PGH-7)] 38.8(30.8-40.4) 36.4(30-38.8) 40.4 (38.8-45.7) oot
14-item resilience scale (14-98) 72 (59-81) 66 (53-75) 76 (72-86) 002"
CDI-2 (depression) 64 (51-72) 67 (55-76) 55 (47-59) 002'
MASC-2 (Anxiety) 65 (52-80) 70 (63.5-62) 52 (49-62) 0ot
PedsQL general fatigue 33 (26-50) 25(19-37.5) 50 (42-63) <001!
PedsQL sleep/rest fatigue 42 (26-54) 40 (25-46) 54(29-63) 006

ISignificant p-values suggesting statistical significance.

For subjective dyscognition, 20 subjects were positive on the PedsQL. (Pediatric Quality of Life Inventory) Cognitive Functioning Scale only and eight subjects were positive on the
BRIEF-2 GEG and PedsQL Cognitive Functioning Scale. IQR, interquartie range; Pain VAS, Pain visual analog scale where higher scores indicate more pain; SSS, Symptom Severity
Scale, higher scores indicating greater symptom severity; WP, widespread pain index, higher values indicating greater involvement of ifferent anatomicl regions where the chid has
experienced pain over the past 7 days; FDI, Functionel disabilty inventory, greater scores indicating more functionel disabilty; HRQoL., Health Retated Quality of Life assessed using the
PROMIS Pedatric Global Health 7 (PROMIS PGH-7). 14-item Resilience Scale ranges from 14 to 98, with greater scores indicating greater resilience. CDI-2, The Chidren’s Depression
inventory, 2nd Edition where higher score (T-score = 65) indicative of clinical depression. MASC-2, Mulidimensional Anxiety Scale for Children, 2nd Edition, higher score (T-scores =
60)indicate increased likelihood of at least one anxiety disorder in the subject. PedsQL. (The Pedatric Quality of Life Inventory) General Fatigue and Sleep/Rest Fatigue scales are scored
0-100, where higher scores indicate less symptoms/problems in a dimension.
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