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Purpose: Fibromyalgia syndrome (FMS) and rheumatoid arthritis (RA) are chronic pain disorders, with clearly distinct pathogenetic
mechanisms, frequently accompanied by symptoms like depression, fatigue, insomnia and cognitive problems. This study compared
performance in various cognitive domains between patients with FMS and RA. The role of clinical symptoms severity in determine the
differences in cognitive performance was also investigated.

Patients and Methods: A cross-sectional study was conducted according to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement. In total, 64 FMS patients, 34 RA patients and 32 healthy controls participated, all
women. Using factor analysis, questionnaire scores were combined to yield a symptom severity factor, which was used as a control
variable in the group comparisons.

Results: Without controlling for symptom severity, both patient groups performed worse than controls in all the cognitive domains
assessed (visuospatial memory; verbal memory; strategic planning and self-regulation; processing speed, attention and cognitive flexibility;
and planning and organizational abilities); overall deficits were greater in FMS than in RA patients. FMS patients reported more severe
clinical symptoms (current pain intensity, total pain, state anxiety, depression, fatigue and insomnia) than RA patients. After controlling for
symptom severity, a large proportion of the cognitive test parameters no longer differed between FMS and RA patients.

Conclusion: The study confirmed significant impairments in attention, memory, and higher cognitive functions in both FMS and RA.
The greater deficits seen in FMS patients may at least partly be explained by more severe pain and secondary symptoms. Cognitive

screening may facilitate the development of personalized treatment plans to optimize the quality of life of FMS and RA patients.

Plain Language Summary:

® The investigation substantiated noteworthy impairments in attention, memory, and executive functions among individuals diag-
nosed with Fibromyalgia Syndrome (FMS) and Rheumatoid Arthritis (RA).

® The heightened cognitive deficits observed in FMS patients compared to those with RA could be attributed in part to the heightened
severity of pain and secondary symptoms characteristic of FMS.

® Semantic clustering, by leveraging cognitive resources optimally, may serve as a compensatory mechanism for memory deficits and
thus warrants inclusion in interventions aimed at assisting patients in coping with cognitive impairments.

® Incorporating cognitive deficit screenings into routine diagnostic protocols for FMS and RA is recommended, as it may facilitate
the development of personalized treatment strategies aimed at enhancing the overall quality of life for affected individuals.
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Introduction

Fibromyalgia syndrome (FMS) is a severe condition of chronic widespread pain that affects 2-4% of the general
population and has a higher prevalence in women than men.' Accompanying symptoms include depression, anxiety,
fatigue, insomnia, and cognitive problems."* Cognitive impairments may include attention and memory deficits, mental
slowness, language-related difficulties, and reduced organization and planning abilities.>’ Based on patients’ and
clinicians’ reports, cognitive deficits have a considerable negative impact on psychosocial functioning and quality of
life and are therefore considered among the most serious symptoms of the disorder.®'°

Rheumatoid arthritis (RA) is a persistent autoimmune disorder associated with painful, stiff, and swollen joints."" Its
prevalence is estimated at 0.5-1% and it is more common in women and older adults.'*> Cognitive impairments were also
reported in patients suffering from RA."*>"'° Even though fewer data are available than for FMS, current evidence suggest
problems in attention, memory, and verbal, visuospatial, and executive functions in patients affected by RA (see Meade
et al?® for an overview).

Research directly comparing cognitive performance between patients with FMS and RA is still scarce. Some studies
suggested deficits of similar magnitude in both patient groups. For example, impairments in selective and sustained
attention® and working memory*' did not differ between FMS and RA patients. However, further studies revealed greater
cognitive impairments in FMS. For example, longer reaction times and more errors in FMS than RA patients were seen
on the Attentional Network Test, which allows for a comprehensive assessment of attentional functions.'® Moreover,
FMS patients exhibited lower performance than those with RA in tasks assessing spatial orientation, spatial memory,*
and executive functions.”> Another study revealed poorer logical memory, phonemic verbal fluency, and verbal reasoning
in FMS than RA patients.'> However, the RA patients performed better in semantic verbal fluency and figural fluency
tasks.”>**> The findings presented herein underscore the imperative of incorporating cognitive assessments into the
evaluation of both aforementioned conditions to enhance their optimal management. Presently, there is a growing
demand within clinical practice for more nuanced interventions grounded in a transdiagnostic and holistic framework.
In response to this exigency, there is a requisite for the evaluation of cognitive impairments in individuals with chronic
pain, aiming to formulate and implement interventions rooted in neuropsychological training. This approach is intended
to ameliorate cognitive performance and mitigate its consequential impact on health-related quality of life.

In some studies of FMS patients, the magnitude of cognitive impairment was associated with clinical pain
severity.>**2° In addition, deficits correlated with symptoms of depression, anxiety, fatigue, and insomnia.>>**"3°
Similar associations were reported for patients with RA.>'? Both pain and emotional symptoms tend to be stronger in
FMS than RA.*'%? Therefore, it seems plausible that these factors at least partly account for the greater severity of
cognitive impairments observed in FMS than RA patients.

The aim of the present study was to compare performance among FMS patients, RA patients, and healthy individuals
in various cognitive domains, namely visuospatial and verbal memory, attention, processing speed, cognitive flexibility,
self-regulation, and planning and organizational abilities. The following hypotheses were tested: (1) While both patient
groups will show poorer performance on cognitive tests than healthy individuals, the performance reduction will be
greater in FMS than RA patients. (2) Patients with FMS will exhibit more severe pain and symptoms of depression,
anxiety, fatigue, and sleep problems than those with RA. (3) Differences in cognitive test performance between FMS
patients and RA patients will at least partly disappear after controlling for pain severity and levels of secondary
symptoms in the statistical analysis.

Materials and Methods

The study -performed between 2019 and 2020- recruited women with FMS, via the Fibromyalgia Association of Jaén
(Spain), who met the 1990 and 2010 American College of Rheumatology (ACR) criteria;'*** women with RA, via the
Rheumatoid Arthritis Association of Jaén (Spain), who met the 1987 American Rheumatology Association (ARA)
criteria;>* and healthy women (healthy controls, HC) recruited through neighborhoods associations and friends of the

133 the study was focused

patient’s associations. Considering the much higher prevalence of FMS in women than in men,
on women. Patients were previously diagnosed by their own rheumatologist. None of the patients met the criteria for both

FMS and RA. The exclusion criteria for all study groups were aged < 18 or > 65 years, the presence of metabolic
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abnormalities, neurological disorders, drug abuse, and severe somatic (eg, cancer) or psychiatric (eg, psychotic) diseases.
HC were additionally required to be free from acute or chronic pain of any kind.

Cognitive Performance Assessment
The following cognitive tests were applied:

The Rey-Osterrieth Complex Figure Test (ROCF) (Rey et al.>> Spanish version by Pefia-Casanova’®) was used to
assess visuospatial memory. In this task, an abstract figure comprising 18 different parts is presented and has to be copied
on a sheet of paper. After 30 minutes have elapsed, the participant is then asked to reproduce the figure from memory.
The total number of correctly copied and reproduced parts, and the time needed to copy and reproduce the figure, index
performance.

The Verbal Learning Test (TAVEC)*’ was applied to quantify verbal memory function. A list of 16 words (“Monday
shopping list”, List A) is read to the participant five times; the participant then has to reproduce as many words as
possible directly after each trial (immediate free recall). After this, another list is read once (“Tuesday shopping list”, List
B), and has to be immediately reproduced (interference control). Straight after List B, participants are asked to reproduce
List A once again (short-term recall). Following a 20-min break, the words comprising List A have to be reproduced
again (long-term recall). Thereafter, a list of 44 words is read to the participant, which comprises all words from List A,
some words from List B, and distractor words not included on either list. The participant has to decide whether or not
each of these words belong to List A (recognition). In this study, performance parameters for the TAVEC included the
numbers of correctly reproduced words from List A (immediate free recall) and List B (interference control), and from
List A after 20 min (long-term recall). Correct responses, false positives, omission errors, and a discrimination score (DS;
computed according to the formula DS =1- [(FP + OE)/44] x 100) were used to quantify recognition performance. In
addition, the tendency to use serial and semantic strategies in the immediate, short-term, and long-term recall conditions
was assessed. Serial strategies refer to the reproduction of words in the order in which they were initially presented, while
in semantic strategies words are reproduced according to semantic categories (eg, fruits, clothes or tools). The use of the
strategies was assessed according to the number of words reproduced in the order of presentation (serial strategies), or
within the same semantic category (semantic strategies).

The Revised Strategy Application Test (R-SAT) was employed as a measure of strategic planning and self-
regulation.”® The R-SAT includes three simple activities, ie, figure tracing, sentence copying, and object numbering.
Activities are presented as two different stacks, each comprising 120 items. Items differ in terms of size (large, small) and
time requirements (brief, medium, long). A large item scores 0 points and a small one scores 100 points; participants are
instructed to obtain as many points as possible. Moreover, items in which a face is displayed have to be avoided. The
items are intermixed; however, the number of brief items decreases progressively within both stacks. As the execution
time of the task is restricted to 10 min, the most efficient strategy is to complete brief rather than long items. Thus, the
predisposition to complete items in the presented sequence has to be overcome. To evaluate prospective memory and
self-regulation, participants are asked to place a “control mark” in a table with 10 fields every minute after beginning the
test. They have to estimate the time elapsed on their own; they are not allowed to use a watch and there are no external
prompts. Performance is indexed by the number of correct responses (ie, the proportion of short items [%]), the number
of mistakes (ie, face items), and the number of control marks. After completion of the task, participants are asked to state
the strategy that, in their opinion, was optimal to obtain the maximum number of points. Awareness of the strategy
(coded as 1 or 0) was used as an additional test parameter.

The Trail Making Test (TMT) was used to evaluate processing speed, attention, and cognitive flexibility. The TMT

1*° (Spanish adaption by Ibor*’) was applied instead of the standard form, which allows for a more

version of Delis et a
comprehensive performance assessment (because it includes assessments of visual scanning and motor speed). The TMT,
in which visual targets (numbers, letters) are presented on sheets of paper, includes the following task conditions: (1)
visual scanning (cross out all number 3 s on a page with different numbers), (2) number sequence (connect the numbers
1-16 in sequential order), (3) letter sequence (connect the letters A to P in alphabetic order), (4) switching (connect
numbers and letters in alternating order, ie, 1, A, 2, B, etc.), and (5) motor speed (trace a predefined path). In addition to

the execution times for each condition, the following types of mistakes were recorded in this study: (1) sequence
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(connection of a correct item with an incorrect one), (2) set loss (connection of items of different categories) and (3) time
out (exceeding the time limit of 150 s for conditions 1 to 3 and 240 s for condition 4).

The Zoo Map Test (ZMT) from the Behavioral Assessment of the Dysexecutive Syndrome battery was applied to
measure planning and organizational abilities (Wilson et al.*' Spanish adaptation by Vargas et al*?). In this test, the
participant has to plan a route to visit 6 of 12 possible locations in a zoo. The ZMT has two parts, ie, a more demanding
open situation, in which little information is provided that would help to generate an appropriate plan (version 1), and
a situation that involves simply following a concrete, externally imposed strategy (version 2). The execution time and the
number of correct responses for versions 1 and version 2 were taken as performance indices, in addition to the total

number of correct responses.

Clinical Assessments
The patients” clinical history and demographic data were obtained via a semi-structured interview. The Structured
Clinical Interview for Axis I Disorders of the Diagnostic and Statistical Manual for Mental Disorders (SCID, First
et al*’) was used to diagnose possible mental disorders. In addition, the following self-report questionnaires were
administered:

McGill Pain Questionnaire (MPQ) (Melzack;** Spanish version by Lazaro et a
quantification of the sensorial, emotional, and cognitive components of the pain experience. The MPQ Total Pain score

1*%). This 73-item instrument allows for

(range: 0-167) and Current Pain Intensity score (visual analog scale, range: 0-5) were calculated in this study.
A Cronbach’s a value of 0.74 was reported for the Total Pain score.*’

1°). This instrument enables quantification

State-Trait Anxiety Inventory (STAI) (Spanish version by Spielberger et a
of current and habitual anxiety levels (20 items each) using 4-point Likert scales (score range: 0—60). The Cronbach’s a
values are 0.93 and 0.87 for the State Anxiety and Trait Anxiety scales, respectively.*®

Beck Depression Inventory (BDI) (Beck et al.*” Spanish adaptation by Vazquez & Sanz*®). This 21-item scale was
applied to assess the severity of symptoms of depression (4-point Likert scale, score range: 0—63). The Cronbach’s a of
the instrument is 0.95.*%

Fatigue Severity Scale (FSS) (Krupp et al.** Spanish version by Bulbena et al*®). This scale measures fatigue based
on nine items (7-point Likert scales; score range: 9-63). A Cronbach’s o of 0.88 was reported.™®

Oviedo Quality of Sleep Questionnaire (COS, Bobes et al®!

items (5-point Likert scales; score range: 9—45), was used in the study; its Cronbach’s « is 0.88.%'

). The Insomnia subscale of the COS, comprising nine

Procedure

A cross-sectional study was conducted based on the STROBE Statement: guidelines for reporting observational
studies, specifically, the STROBE checklist: cross-sectional studies guidelines®> was used in order to enhance the
quality and transparency of the current research (see Table S1). To reduce possible biases participants were
blinded by a code for both, authors who collected the data and those who conducted the statistical analyses. The
study was conducted in two separate sessions, performed on the same day and supervised by the same experi-
menter. During the first session, the patients” clinical history and sociodemographic and medication use data were
recorded, and the SCID interviews were conducted. Thereafter, participants completed the questionnaires. During
the second session, the following cognitive assessment instruments were completed: ROCF, ZMT, reproduction
part of the ROCF, R-SAT, the first part of the TAVEC, TMT, and recognition task of the TAVEC. The tests were
presented in this order to avoid interference between the different cognitive domains, especially between visual
and verbal memory. Between each test, participants had a break of 10 minutes. The study protocol was approved
by the Ethics Committee of the University of Jaén and all participants provided written informed consent. The
study was performed in accordance with the current legislation and meets the principles of the Helsinki

Declaration.
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Statistical Analysis

In order to determine the optimal sample size based on expected effect sizes, the G*Power 3.1.7 program was used.>”
Previous comparisons between FMS patients and healthy individuals on neuropsychological variables showed medium to
large effect sizes, with Cohen’s d in the range 0.52—1.10.>* Assuming an effect size of 0.60, an alpha level of 0.05 and
a Beta error of 20% as a basis, a sample size of 21 participants per group appeared optimal. The Kolmogorov—Smirnov
and Levene tests showed no deviation from normality or homogeneity in the measured variables. Comparisons between
groups on clinical and demographic variables were performed using independent-samples F-tests or x> tests. Group
differences in cognitive test parameters were analyzed using multivariate analysis of variance (MANOVA) and covar-
iance (MANCOVA). As previous studies revealed differences in cognitive performance between FMS patients and

healthy women on the tests applied herein®*'®

and to obtain more specific information, separate MANOVAs were
computed comparing FMS patients and RA patients, RA patients and HC, and FMS patients and HC. To control for the
effects of years of education, linear regression analyses were performed with years of education as a predictor and
cognitive test parameters as dependent variables. Prior to the MANOVA, cognitive parameters were replaced by the
unstandardized residuals resulting from the regression analyses, which are independent of years of education.

The scales representing clinical factors (MPQ Total Pain, MPQ Current Pain Intensity, State Anxiety, Trait Anxiety,
FSS, COS) were closely associated with each other (see Table 1). To avoid collinearity and limit the number of control
variables in the analysis of group differences in cognitive performance, factor analysis was performed on the ques-
tionnaire scores. For that analysis, the criterion for significance was an eigenvalue > 1; only one latent factor (referred to
as “symptom severity” in the following) was identified, which explained 58.73% of the variance. This variable (ie, the
factor values) was used as a covariate in the MANCOVAs.

Effect sizes of the group comparisons are reported as adjusted eta squared (n}%). Statistical significance was set at p <
0.05. Statistical analyses were performed with the IBM SPSS Statistics (v.22).

Results

In total, 64 women with FMS, 34 women with RA and 32 healthy women were recruited. Table 2 provides the
demographic and clinical data of the sample. While the groups did not differ in age or Body Mass Index (BMI),
educational level (indexed by years of education) was lower in patients with RA than HC.

Clinical Data

Patients with FMS had higher values on all clinical questionnaires and were more frequently diagnosed with depression
and anxiety disorders than patients with RA and HC (see Table 2). Moreover, RA patients reported greater clinical pain
and more anxiety disorders than HC. FMS patients were using medications of all kinds more frequently than HC, and
were using antidepressants and anxiolytics more frequently than RA patients. Use of analgesics and opiates was more
frequent in RA patients than HC.

Table | Pearson’s Product Moment Correlation Coefficients Between Questionnaire Scores in the Total Sample (N=130)

Current Pain Total Pain State Anxiety | Trait Anxiety | Depression | Fatigue
Intensity (MPQ) | (MPQ) (STAI) (STAI) (BDI) (FSS)

Current Pain

Intensity (MPQ)

Total Pain (MPQ) 0.65

State Anxiety (STAI) | 0.29 0.32

Trait Anxiety (STAI) | 0.60 0.64 0.36

Depression (BDI) 0.57 0.63 0.33 0.72

Fatigue (FSS) 0.49 0.48 0.29 0.44 0.54

Insomnia (COS) 0.48 0.53 0.32 0.59 0.66 0.71

Notes: All correlations are significant at p < 0.01 (two-tailed testing).
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Table 2 Sociodemographic Data, Clinical Variables and Questionnaire Scores of RA Patients, FMS Patients and HC (M+SD or Number
of Participants and %); Statistics of the Group Comparisons

RA Patients (N=34) | FMS Patients | HC (N=32) | p/y2
(N= 64)

Age (years) 5262£11.17 52.73+7.89 51.13£6.61
Body mass index (kg/m?) 27.8745.77 28.00£5.03 26.06+3.05
Years of education ° 9.29+4.25 10.28+4.30 12.00+4.34 b * /,15): 0.09
Depression (%)™¢ 12 (35.29%) 55 (85.94%) 5 (15.63%) ax */,é: 0.27; ¢ * */,7}2,: 0.04
Anxiety disorders ¢ (%) 18 (52.94%) 60 (93.75%) 6 (1875%) | axs/yi= 023 bxx/nl=0.13; c 5+ = 0.58
Antidepressant use (%)*° 7 (20.59%) 53 (82.81%) 5 (15.63%) ax */,7}2): 0.37; ¢ * */,112): 0.42
Anxiolytic use (%)™ 9 (26.47%) 50 (78.13%) 5(1563%) | ax /= 037 ¢+ #/n’= 036
Analgesic use (%)>< 29 (85.29%) 53 (82.81%) 3 (9.38%) b /i = 0.58; ¢ 5 +/n2= 0.49
Opiate use (%)>* 12 (35.29%) 33 (51.56%) 0 (0%) b */niz 0.21; ¢ % */,7}2): 0.26
Current Pain Intensity (MPQ)"""'c 2.82+0.90 3.64+1.20 1.28+0.73 ax */niz 0.11; bx */71]23: 0.48; ¢ */’7§: 0.53
Total Pain (MPQ)*®< 38.00+£23.64 79.23136.18 19.03£25.23 | 4« */,]i: 0.27; b * */,1}2): 0.13; ¢ * */,ﬁ: 0.53
State Anxiety (STAI)*¢ 18.32+13.42 23.20+4.25 15.56£11.65 | 5« /,7]2’: 0.07; ¢ % */,7[2): 0.19
Trait Anxiety (STAI)*“ 31.35+£14.93 50.67+10.61 26.13£15.95 | 5« */’If,: 0.37; ¢ * */;712): 0.46
Depression (BDI)*¢ 12.00+15.42 43.52+13.56 1428+17.36 | 4« */,ﬁ: 0.53;c * */;1}2): 0.47
Fatigue (FSS)™© 31.65+17.70 52.45+9.99 25.66£16.10 | 4« */,712): 0.37; ¢ * */,7123: 0.52
Insomnia (COS)** 14.94+11.46 39.09+11.10 14.16£9.62 ax */'If,: 0.52; ¢ * */,112): 0.56

Notes: *Significant difference between patients with FMS and RA, bSigniﬁcant difference between RA patients and HC, “Significant difference between FMS patients and HC;
dAnxiet:y disorders comprise panic disorder, generalized anxiety disorder, phobias and adjustment disorders. *p<0.05, **p<0.01.

Multivariate Group Comparisons

The MANOVAs revealed multivariate group effects on the cognitive test parameters in the comparisons between FMS and RA
patients (F(35,62)=2.20, p=0.003, ’7§= 0.55), between RA patients and HC (F(35,30)=2.83, p=0.002, 171%: 0.77), and between
FMS patients and HC (F(35,60)=3.98, p<0.001, 1712): 0.70). The same applies to the MANCOVAs controlling for symptom

severity (FMS vs RA patients, F(35,61)=1.62, p=0.049, 173: 0.48; RA patients vs HC, F(35,29)=2.99, p=0.002, 11?,: 0.78; FMS
patients vs HC, F(35,59)=1.93, p=0.013, r]]%: 0.53). Symptom severity (covariate) showed a significant multivariate effect in the
comparison between patients with FMS and HC (F(35,59)=2.50, p=0.001, r]ﬁz 0.60), but not in the comparisons between
patients with RA and HC (F(35,29)=1.69, p=0.076, 17%: 0.67), and patients with FMS and RA (F(35,61)=1.27,
p=0.21, 71123: 0.42).

Univariate Group Comparisons

Table 3 presents the results of univariate group comparisons without and with control for symptom severity, and the
univariate effects of symptom severity (covariate). While the mean + SD values represent the original test scores, the
statistics of the group comparisons are based on residuals derived from the regression analyses.

Group Differences Without Control for Symptom Severity

The analysis without control for symptom severity revealed lower visual memory performance on the ROCF in FMS than
RA patients, indexed by a longer figure reproduction time and fewer correct marks. FMS patients also exhibited a longer
copy time than those with RA. Poorer verbal memory performance of FMS than RA patients was suggested by the results
of the TAVEC recognition task, where FMS patients had fewer correct responses, more omission errors and false
positives, and a lower discrimination score. Moreover, in the free recall tasks, the serial (immediate recall) and semantic
(short- and long-term recall) strategies were used less frequently by RA than FMS patients. Regarding planning and self-
regulation abilities, FMS patients had fewer correct responses (ie, a lower proportion of short items), fewer control
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Table 3 Means (+SD) of Cognitive Test Scores in RA Patients, FMS Patients and HC; Statistics of the Univariate Group Comparisons Without and with Statistical Control for Symptom
Severity and Statistics of the Covariate Effect of Symptom Severity in the Univariate Group Comparisons. Values of M and SD Represent Original Test Scores; Statistics of the Group

Comparisons are Based on the Residuals Derived from Regression Analyses

¢ * /= 0.06F=6.45

RA Patients | FMS Patients | HC (N=32) p/r;fj without Control for p/nlz, with Control for p/nfj Covariate Effect of
(N=34) (N=64) Symptom Severity Symptom Severity Symptom Severity
ROCF Reproduction time 119.12+55.51 157.50£70.51 121.88+78.43 ax /,1}%: 0.09F=8.94 n.s b % /,1}2): 0.07 F=4.78
c* /= 0.05F=4.46
Copy time 194.12£100.25 | 255.00£105.29 | 168.75:88.13 | ax /y2= 0.09F=9.61 ax /=005 F=4.49 n.s
o+ /1= 0.12F=13.09

Reproduction total correct 16.8816.26 14.67+6.22 23.3619.14 a % /,71%: 0.04F=4.21 n.s b« */,712): 0.16F = 11.87
marks ¢ /ip= 0.22F=25.76 ¢ /= 0.12F=13.12
Copy total correct marks 33.84+5.91 32.95+5.19 35.67£0.59 n.s n.s

(Continued)

aro(q

|& 39 ZOYDUBG-ZA[eD)


https://www.dovepress.com
https://www.dovepress.com

aa0(q

90V |

:sdyyy

/14707 3uswaSeuel Jolneyag pue youeasay ASojoydhsy

Table 3 (Continued).

RA Patients | FMS Patients | HC (N=32) p/ni without Control for p/ni with Control for p/ni Covariate Effect of
(N=34) (N=64) Symptom Severity Symptom Severity Symptom Severity
TAVEC | List A (immediate free recall) | 38.76+8.90 37.50£9.98 46.31+10.52 b« /,7]2’: 0.07F=5.15 n.s n.s
R-SAT o % /my=0.12F=12.29
List B (interference control) 4.26+1.96 3.53+1.89 4.53+£2.00 C % /’7;2): 0.05F=4.59 n.s n.s
Short-term recall 8.29+2.18 7911343 10.44+2.97 b * /,7]%: 0.08F=5.38 b * /,é: 0.07F=4.66 n.s
¢ % /= 0.09F=9.56
Long-term recall 8.85+2.39 8.80+2.82 10.53£3.20 C % /,1}%: 0.05F=4.91 n.s n.s
Semantic strategy (immediate | 9.62+5.25 9.97+8.07 13.59+8.36 n.s n.s n.s
free recall)
Serial strategy (immediate free | 24.56+5.58 21.3416.94 26.5616.44 a /,7]2): 0.06F=5.71 n.s n.s
recall cx /pi=0.11 F=11.79
Semantic strategy (short-term | 3.97+4.58 2.50+2.97 5.69+6.55 a% /,7}2): 0.05F=5.48 ax /,73): 0.07F=6.60 n.s
recall) ¢ % /= 0.08F=8.35
Serial strategy (short-term 4.53+1.26 5.63+5.46 5.44+|.88 n.s ax /'If;: 0.07F=6.65 a % /,7]2): 0.06F=6.20
recall) ¢ * /o= 0.04F=4.04 ¢ /b= 0.04F=4.13
Semantic strategy (long-term 3.35+3.37 2.4242.25 5.09+5.41 ax /,112’: 0.04F=4.39 ax /,ﬁ: 0.07F=7.59 n.s
recall) ¢ % /my= 0.09F=9.20
Serial strategy (long-term 5.41%1.46 5.23+2.10 5.53+2.41 n.s C* /néz 0.06F=5.84 C % /;7]2’: 0.11F=11.14
recall)
Discrimination score 69.75+44.98 30.56+59.22 81.82+29.83 a% */,73): 0.13F=14.81 ax /,ﬁ: 0.07F=6.65 n.s
(recognition) c* */”;2): 0.16F=17.67
False positives (recognition) 2.88+2.43 3.06+4.91 16.78+18.40 a % */,]f): 0.17F=20.14 n.s n.s
¢ # /1= 0.15F=15.92
Omission errors (recognition) | 2.03%1.96 6.70+6.04 0.84+.1.51 ax */,]f): 0.19F=22.94 n.s n.s
¢ % % /= 0.22F=25.70
Correct responses 14.00+1.98 9.28+6.06 15.16x1.51 n.s n.s

(recognition)

ax+/ij=0.19F=23.17
¢ % # /1= 0.21F=25.65
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RSAT Awareness of the strategy 0.12+0.33 0.16+0.37 0.72+0.46 b % */,,f]: 0.35F=34.25 b’?f,* % / = 0.28F=23.93 b % /,112;: 0.10F=7.25
o % # /1= 0.28F=36.79 ¢ /= 0.08F=7.68
Correct responses 0.85+0.11 0.77+0.18 0.89+0.10 ax /,71%: 0.05F=5.35 n.s C % */,7?,: 0.15F=16.42
(proportion of short items) - /’127 0.11F=11.03
p— . - B
Mistakes (face items) 0.68+1.22 1.61£2.10 0.44+0.91 a /,7}2): 0.06F=5.94 n.s n.s
¢ % /= 0.08F=8.5
Control marks 6.18+2.29 4.84+2.26 6.41+2.28 ax /;1}2): 0.07F=7.43 n.s n.s
¢ /= 0.10F=10.67
T™MT Execution time | (visual 44.85+29.70 80.03+108.79 41.88+13.31 n.s n.s n.s
scanning)
Execution time 2 (number 66.91+£33.29 98.55+£63.96 60.31+25.71 ax /,73: 0.09F=8.99 n.s n.s
sequence) C % /qf): 0.08F=8.64
Execution time 3 (letter 73.21+36.55 105.34+70.65 66.91+30.18 a /,7]2): 0.08F=7.85 n.s n.s
sequence) ¢ /n’=0.07F=6.68
Execution 4 (switching) 137.50+87.26 231.05+130.98 | 119.16+51.34 ax */’7129: 0.15F=16.85 ax /néz 0.07F=6.65 n.s
C* */r]f): 0.16F=18.44 C % /;712): 0.06F=5.92
Execution time 5 (motor 114.68+64.25 140.91+58.39 98.09+49.73 ax /,11%: 0.06F=6.41 n.s n.s
speed) C* /,ﬁ): 0.09F=9.48
Sequence mistakes 0.82+1.06 2.28+3.09 091+1.51 a% /,712’: 0.08F=7.80 n.s C % /,712’: 0.04F=3.96
¢ % /my=0.05F=4.88
Set loss mistakes 0.44+£1.13 3.05+5.65 0.31+0.69 a /,7]2): 0.07F=7.08 n.s n.s
cx /m=0.07F=7.36
Time out mistakes 2.5945.19 10.91+10.80 0.78+2.06

ax /i =0.18F=2051
o # # /1= 0.21F=24.66

ax /= 0.04F=434
c# /= 0.05F=4.92

b /i, =0.06F=4.03

(Continued)
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Table 3 (Continued).

ax /= 0.08F=8.23
¢ % /m=0.10F=9.88

RA Patients FMS Patients | HC (N=32) p/r]fj without Control for p/nlz) with Control for p/r]lzj Covariate Effect of
(N=34) (N=64) Symptom Severity Symptom Severity Symptom Severity
MT Correct responses version | 5.74+1.56 5.09+1.98 6.09+1.15 C % /,ﬁ: 0.06F=5.61 n.s n.s
Correct responses version 2 7.50+0.75 7.08+1.13 7.72+0.68 ax /’71%: 0.04F=4.29 n.s n.s
¢ * /1= 0.08F=7.70
Total correct responses 13.24+1.78 12.13+2.84 13.38+2.49 ax /,7}%: 0.05F=4.99 n.s b % /,7}2): 0.09F=5.85
¢ /= 0.08F=8.2]
Execution time version | 220.88+100.58 | 239.33+127.90 | 179.06+82.45 C % /;ﬁ): 0.04F=4.06 n.s n.s
Execution time version 2 107.18+65.30 159.34+£107.42 | 90.131£50.32 n.s n.s

Notes: All execution times are indicated in s; *Significant difference / effect of symptom severity in the comparison between RA and FMS patients, "Significant differences / effect of symptom severity in the comparison between RA

patients and HC, Ssignificant difference / effect of symptom severity in the comparison between FMS patients and HC; *p<0.05, **p<0.01. n.s.: no significative.
Abbreviations: ROCF, Rey-Osterrieth Complex Figure Test; TAVEC, Verbal Learning Test; R-SAT, Revised Strategy Application Test; TMT, Trail Making Test; ZMT, Zoo Map Test.
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marks, and more mistakes (face items) on the R-SAT than RA patients. With respect to processing speed, attention, and
cognitive flexibility, FMS patients had a longer execution time in TMT conditions 2 (number sequence), 3 (letter
sequence), 4 (switching), and 5 (motor speed), and made more mistakes (of all types: sequence, set loss, and time out
mistakes) than RA patients. Moreover, a longer execution time and fewer correct responses for version 2 of the ZMT, and
fewer correct responses overall on the test, suggested poorer planning abilities in FMS than RA patients. RA patients
exhibited poorer verbal memory performance than HC, indexed by lower TAVEC immediate (list A) and short-term
recall scores. With respect to planning and self-regulation, RA patients showed less awareness of the strategy for the
R-SAT than HC. The comparison between FMS patients and HC suggested poorer visual memory performance in FMS
patients, indicated by fewer correct marks in both conditions of the ROCF. Copy time was also longer In FMS patients.
Poorer verbal memory in FMS patients than HC was suggested by lower TAVEC immediate recall (List A), interference
control (List B), and short- and long-term recall scores. In the recognition task, FMS patients had fewer correct
responses, more omission errors and false positives, and a lower discrimination score than HC. Additionally, the serial
(immediate recall) and semantic (short- and long-term recall) strategies were less prevalent in FMS patients than HC.
Fewer control marks and correct responses (ie, a lower proportion of short items), more mistakes (face items), and less
awareness of the strategy for the R-SAT suggested poorer planning and self-regulation in FMS patients than HC.
Concerning processing speed, attention, and cognitive flexibility, FMS patients exhibited a longer execution time for
TMT conditions 2 (number sequence), 3 (letter sequence), 4 (switching), and 5 (motor speed), and more sequence, set
loss, and time out mistakes, than HC. Finally, longer execution times and fewer correct responses on versions 1 and 2 of
the ZMT indicated poorer planning abilities in FMS than HC.

Group Differences After Controlling for Symptom Severity

According to the analysis controlling for symptom severity, FMS patients showed a longer copy time on the visual memory
test (ROCF) than RA patients. In the verbal memory domain, FMS patients exhibited a lower discrimination score (TAVEC
recognition task) than RA patients. Additionally, the use of semantic strategy memory (short- and long-term recall) was
more prevalent among FMS than RA patients. In contrast, RA patients more frequently used the serial strategy (short-term
recall) more frequently. Concerning processing speed, attention, and cognitive flexibility (TMT), FMS patients had a longer
execution time in condition 4 (switching) and made more time out mistakes than RA patients. RA patients, as compared to
HC, had lower scores for short-term recall on the verbal memory test (TAVEC). Moreover, RA patients exhibited less
awareness of the strategy for the R-SAT than HC, suggesting poorer planning ability. The comparison between FMS
patients and HC in terms of verbal memory (TAVEC) revealed less frequent use of the serial strategy (short- and long-term
recall) in the former group. With respect to processing speed, attention, and cognitive flexibility (TMT), FMS patients had

a longer execution time in condition 4 (switching) and more time out mistakes than HC.

Covariate Effect of Symptom Severity

In the univariate analyses comparing FMS and RA patients, the covariate symptom severity reached significance for the
serial strategy (short-term recall) of the verbal memory test (TAVEC). In the comparison between RA patients and HC,
the effect of symptom severity was significant for execution time and correct marks in the reproduction condition of the
visual memory test (ROCF), as well as for time out mistakes in the processing speed, attention, and cognitive flexibility
test (TMT), awareness of the strategy in the planning and self-regulation test (R-SAT) and the total score of the planning
task (ZMT). In the comparison between FMS patients and HC, a significant covariate effect was seen for execution time
and correct marks in the reproduction condition of the visual memory test (ROCF), the serial strategy (short- and long-
term recall) in the verbal memory test (TAVEC), sequence mistakes in the processing speed, attention and cognitive
flexibility test (TMT), correct responses and awareness of the strategy in the planning and self-regulation test (R-SAT)
and the total number of correct responses on the planning task (ZMT). Symptom severity was inversely associated with
correct responses in all tests, the use of the serial strategy in the TAVEC, and awareness of the strategy in the R-SAT;
moreover, it was positively associated with reproduction time in the ROCF.
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Discussion

This study compared performance in various cognitive domains between patients with FMS, patients with RA and HC.
While both patient groups performed worse than HC in the domains of visuospatial and verbal memory, attention,
processing speed, cognitive flexibility, planning, and self-regulation, the overall deficits were greater in FMS than AR
patients. Moreover, the comparison between patients with FMS and AR revealed higher performance in all domains in
those with RA. A considerable proportion of the group comparisons lost significance when symptom severity was
statistically controlled for, thus implicating clinical symptoms in the group differences in cognitive performance.

The analysis that did not control for clinical symptom severity revealed poorer visual memory performance in FMS
patients than HC, reflected in a more accurate reproduction of the abstract figure of the ROCF in the latter group. The less
accurate and slower figure copying of the FMS patients may be attributable to perceptual problems and reduced motor
speed rather than memory deficits. Poorer verbal memory performance in FMS patients than HC was reflected in lower
TAVEC scores for the immediate, short- and long-term free recall conditions. Fewer correct responses, more omission
errors and false alarms, and a lower discrimination score on this test suggest impaired verbal recognition. Furthermore,
the results for the TMT suggested a slower processing speed, and poorer attention and cognitive flexibility, in FMS
patients than HC. In addition to longer execution times in the number sequence, letter sequence, switching and motor
speed conditions, FMS patients made more sequence, set loss, and time out mistakes. Planning and self-regulation
abilities were assessed using the R-SAT. Poorer performance in these domains in FMS patients than HC was indicated by
fewer correct responses and more mistakes on this test, as well as less awareness of the strategy required to successfully
complete the task. In addition, lower values for the control mark parameter suggest poorer prospective memory. Reduced
planning and organizational abilities in FMS patients were confirmed by longer execution times and fewer correct
responses on both versions of the ZMT. The present observations are in accordance with previous findings of impair-

3162556 a5 well as executive functions

ments in figural and verbal memory>***>*> basic and higher attentional processes
and planning skills®”*”">% in FMS.

According to the group comparisons not controlling for symptom severity, RA patients showed poorer verbal memory
performance than HC, indexed by lower TAVEC scores for immediate and short-term free recall. Moreover, less
awareness of the strategy required for the R-SAT points toward poorer planning abilities. These findings are in line

16,1 18 . L 13,1419 .
"' memory,'® and executive functions'>'*!'? in RA.

with earlier reports of impairments of attention,

In the direct comparison between FMS and RA patients not controlling for symptom severity, numerous test scores
suggested lower performance in those with FMS. Less accurate and slower reproduction of the abstract ROCF figure
reflected poorer figural memory in FMS, and poorer verbal memory in FMS patients was suggested by fewer correct
responses, more omission errors and false positives, and a lower discrimination score in the TAVEC recognition task.
Moreover, a slower processing speed, and poorer attention and cognitive flexibility, in FMS patients were evidenced by
a longer execution time in the TMT conditions of number sequence, letter sequence, switching and motor speed, in
addition to the more frequent sequence, set loss, and time out mistakes. Fewer correct responses, more mistakes and
fewer control marks suggested poorer planning abilities and prospective memory in FMS than RA patients. The
conclusion regarding planning was confirmed by the longer execution time for version 2 (externally imposed strategy)
and fewer correct responses for both versions of the ZMT in FMS patients. These findings are only partially consistent
with previous studies. For example, greater impairments in FMS than RA patients were seen previously in basic and
higher attentional functions, visual orientation, spatial and memory, verbal fluency, and executive functions.''¢**>3
However, similar deficits in both patient groups were reported for selective and sustained attention, working memory,
language, and visuospatial processes.**'** Differences in sample composition, cognitive tests, and control of other
variables may account for the divergent findings.

This study evaluated the possible role of symptom severity in the differences among FMS patients, RA patients and
HC. FMS patients reported more severe clinical pain and depression symptoms, higher levels of state and trait anxiety,
and greater fatigue and insomnia than those with RA. Strong correlations were seen among the questionnaire scores
representing these symptoms, and factor analysis revealed that a single latent factor explained 59% of the variance in the
scores. Therefore, the questionnaire scores were combined, and the factor values resulting from this analysis were used as
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a covariate in the group comparisons. While differences among all three groups remained in the multivariate analysis, in
univariate comparisons a large proportion of the group differences were no longer significant.

The comparison between FMS patients and HC controlling only for symptom severity revealed a longer execution
time in the switching condition of the TMT, and more time out mistakes on this test of attention and cognitive flexibility
in the former group. Regarding the differences between AR and HC, only those for short-term free recall on the TAVEC
and awareness of the strategy for the R-SAT remained significant. Poorer performance in FMS than RA patients was
reflected in a longer copy time for the ROCF figure, lower discrimination score in the recognition condition of the
TAVEC, and more time out mistakes and a longer execution time in the switching TMT condition. According to these
findings, differences among the groups may relate to differences in clinical symptom severity. This is also reflected in the
significant covariate effect of symptom severity in the univariate analysis. This covariate was significant in the
comparison between FMS patients and HC in terms of the speed and accuracy with which the ROCF figure was
reproduced, the number of correct responses and awareness of the strategy required for the R-SAT, number of sequence
mistakes on the TMT, and the total number of correct responses on the ZMT. Regarding the FMS and RA patients,
symptom severity was a significant covariate in the comparisons of the speed and accuracy with which the ROCF figure
was reproduced, awareness of the strategy required for the R-SAT, number of time out mistakes on the TMT, and the total
number of correct responses on the ZMT.

The covariate effects suggest poorer cognitive performance in patients with greater symptom severity. This corrobo-
rates previous findings of positive correlations between clinical symptoms and cognitive impairments in patients with

FMS and RA. In FMS patients, pain severity was inversely associated with measures of attention,*®*°->*3°

memory,*?*>* and executive functions.*”>® Although negative correlations of depression symptoms, anxiety, and fatigue

with cognitive performance have also been reported,®’-%°

pain severity was the factor most closely associated with
performance in most studies (see Mufioz Ladrén de Guevara et al” for an overview). Similar findings were obtained in
patients with RA, where clinical pain was inversely associated with measures of processing speed, memory, and

32,60 sty 61
7 anxiety,

executive functions.*'*? Some studies also documented negative correlations of depression symptoms,
and fatigue®' with cognitive performance in RA.

Controlling for symptom severity was particularly relevant to the comparison between patients with FMS and HC,
where the group difference disappeared for a substantial proportion of the performance measures. This may help explain
the mixed results of previous comparisons between these groups.®'®?'* In a study reporting poorer attentional
performance in FMS than RA patients on the Attentional Network Test, the group difference remained significant
after controlling for pain severity.'® However, in studies reporting more problems with logical visuospatial memory,
visual orientation, verbal fluency, and executive functions in FMS than RA patients, clinical symptoms were not
controlled for.'***?* Therefore, it may be that the greater cognitive impairments seen in FMS than RA patients are at
least partly due to more severe pain and secondary symptoms in the former group.

As a secondary result, this study suggested differences in the use of strategies of memory recall on the TAVEC
between FMS patients and the other groups. The analyses without and with control for symptom severity revealed less
frequent use of serial and semantic strategies in FMS patients than RA patients and HC during immediate, short-term,
and long-term free recall of words. Studies of healthy individuals reported that the use of semantic strategies may
improve memory performance.®® These strategies also proved beneficial for overcoming memory deficits in various
patient groups, including those with schizophrenia,®® geriatric depression,** and prefrontal lesions.®> Semantic clustering
may compensate for memory problems through optimal use of the available cognitive resources.®® As such, the findings

S%772 where the inclusion of semantic-

may also be relevant for the optimization of psychological treatments for FM
based memory strategies in treatment programs may help patients cope with cognitive impairments.

The study has several limitations. First, information regarding the possible influence of psychotropic and pain
medication on cognitive performance in FMS and RA patients was not obtained. This issue could have been investigated
by comparing patient subgroups distinguished according to the use of specific drugs or combinations thereof. However,
the sample size was insufficient to form such subgroups, although previous studies did not suggest substantial effects of
medication on cognition in FMS patients.*’>® Secondly, no information on disease activity and remissive treatment of

RA is provided, and performance may be lower during high disease activity. However, no patient (for both study groups)
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was evaluated during a period of clinical crisis, as indexed by manifested symptoms. The third, limitation pertains to the
analysis of the effects of clinical symptoms on cognitive performance. On the basis of factor analysis, a single symptom
severity factor was used as a covariate in the group comparisons. However, this impeded the analysis of the effects of
particular symptoms, like pain or secondary symptoms of FMS and RA. Not all psychological factors potentially
impacting cognition could be considered in the analysis. For example, in FMS negative and positive affect, self-
esteem and alexithymia were associated with cognitive impairments.'® Fourth, as only women were included in the
sample, the generalizability of the results to male patients with FMS and RA is certainly limited. Fifth, both FMS and RA
diagnosis were performed by different rheumatologists, which may has introduced bias in the selection of the patients.
Finally, given the inherent limitations of clinical studies and access to clinical samples in small-medium populations, the
recruitment of participants was no randomly performed.

Conclusion

Accordingly to our hypotheses, we can conclude that (1) both patient groups showed poorer cognitive performance than
healthy individuals, but deficits were overall greater in FMS than RA patients (hypothesis 1); (2) patients with FMS
exhibited more severe pain and symptoms of fatigue, depression, anxiety, and sleep problems than those with RA
(hypothesis 2); (3) differences in cognitive test performance between FMS patients and RA patients partly disappeared
after controlling for clinical severity (hypothesis 3), suggesting the relevance of the clinical state in determining cognitive
functioning. The clinical relevance of cognitive problems and their influence in patients” functional status and daily life is
beyond question. +Based on the present results, it is recommended that screening for cognitive deficits be part of routine
diagnostics for FMS and RA, which may help to guide the design of personalized interventions to optimize cognitive
performance of patients with FMS and RA.
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