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Purpose: Rheumatoid arthritis (RA) is a chronic inflammatory systemic disease associated
with various degrees of impairment across different cognitive domains. We aimed to provide
a detailed computerized investigation of verbal and visuospatial short-term and working
memory (dys)functions in RA patients, assessing both accuracy and response speed, while
relating them to age, disease-related activity, affective problems, psychomotor speed and
other clinical parameters.

Patients and Methods: The study included 29 RA patients (mean age 50.6 + 12.3 years,
79% female) and 30 controls (matched according to age, gender and education), assessed
with short-term and working memory tasks from the Cambridge Neuropsychological Test
Automated Battery (CANTAB) and the Automated Working Memory Assessment (AWMA).
Results: RA patients were significantly slower on the basic processing speed test (Motor
Screening Test, p =0.003). Their short-term information storage (verbal and visuospatial) was
comparable to controls, yet this similar accuracy came at the expense of a longer response time to
retain information correctly (on spatial span, p = 0.04). On tasks with higher executive demands,
both visuospatial and verbal working memory were compromised, as RA patients took longer (p
=0.004) and had a higher number of total errors (p = 0.02) when conducting a strategic memory-
guided search (Spatial Working Memory), and had a significantly lower verbal working memory
span on the backwards digit recall test (p = 0.02).

Conclusion: The findings of this study emphasize the usefulness of performing computer-
ized tests to detect subtle signs of cognitive impairment and of intact performance, which can
inform memory training protocols for this vulnerable population.

Keywords: rheumatoid arthritis, verbal working memory, visuospatial working memory,

cognitive dysfunction, neuropsychological assessment

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory systemic disease that primarily
affects the connective tissue, with various extra-articular manifestations ranging
from cardiovascular disease to cognitive impairment.' The reported prevalence of
cognitive dysfunction in RA patients varies from 31% to 71%,> and a history of
RA diagnosed in midlife increases the risk of developing cognitive impairment over
a period of 21 years.* In the context of a documented discrepancy between
subjective and objective indicators of cognitive impairment,” the use of objective
neuropsychological measures is recommended and has so far revealed that RA
patients underperform on various cognitive measures of visuospatial processing,
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verbal functioning, short-term memory and executive
control.® Such cognitive impairments may be attributed
to the disease itself, to the associated clinical features
(pain, fatigue),” to medication and/or to psychological
conditions (depression, anxiety, stress), often more preva-
lent in this category of patients than in the general
population.® More recently, studies using functional mag-
netic resonance imaging (fMRI) in RA patients while
performing cognitive tasks revealed altered brain network
activity associated with inflammation and a compensatory
activation of brain regions to offset structural changes,
pointing to central nervous system involvement in the
context of chronic peripheral inflammation.” Although
the exact pathogenic pathways of the resulting cognitive
impairment in RA are not yet fully understood, a cluster of
interconnected affective, cardiovascular, metabolic and
medication-related mechanisms have been suggested, all
in the context of a compromised blood-brain barrier integ-
rity due to the chronic inflammatory state.'®

Most of the cognitive assessment tools administered to
RA patients are basic cognitive screening tests such as the
Mini-Mental State Examination (MMSE),'" or the
Although useful to
assess global impairment or to eliminate associated condi-

Montreal Cognitive Assessment.'?

tions such as dementia, these instruments lack the sensi-
tivity and objectivity needed to identify more subtle,
subclinical signs of impairment.

Traditional neuropsychological assessment batteries
offer a more nuanced picture of cognitive impairment for
various clinical conditions across distinct functional
domains. Using various such approaches, several studies
have linked memory deficits to different autoimmune
diseases,® with some studies identifying more pronounced
impairments either in visuospatial,' or in verbal memory.’
A study using multiple paper-pencil and verbal tests of
memory functioning in the case of a fibromyalgia revealed
that only the more executive demanding, long-term recall
measures (especially visuospatial) were affected, while
simple short-term memory remained unaffected.'* An
innovative approach was put forward by Barraclough and
colleagues, who combined a functional magnetic reso-
nance (fMRI) approach with tests from the computerized
Cambridge Neuropsychological Test Automated Battery
(CANTAB) to examine brain responses to working mem-
ory tasks in patients with systemic lupus erythematosus.'”
The study identified a dissociated profile, with deficits in
sustained attention, and compensatory brain activity to
maintain similar levels of working memory performance

when compared to healthy controls. An advantage of such
computerized neuropsychological batteries is that they
represent sensitive, standardized tools which offer both
speed and accuracy indexes of performance.'® They
allow the researcher to control for baseline differences in
processing speed or motor impairments using simple reac-
tion time measures. This can help clarify if the identified
cognitive impairments stem from motor difficulties, over-
all speed deficits or more circumscribed cognitive
deficits.'®

Our study aimed to provide a detailed investigation of
spatial versus verbal short-term and working memory

similar to the one conducted by Kim et al'*

using tradi-
tional pencil and paper tests for patients with fibromyalgia.
Our target was a sample of patients with RA, tested with
more sensitive measures from two computerized neurop-
sychological ~batteries, CANTAB'’ and Automated
Working Memory Assessment (AWMA).'® CANTAB
tasks have shown sensitivity to cognitive dysfunction and
different

yet to our knowledge, they have not been

have been widely used clinical
groups, 51921

across

administered to patients with RA. We aimed to provide
a detailed computerized investigation of verbal and visuos-
patial short-term and working memory (dys)functions in
RA patients, assessing both accuracy and response speed,
while controlling for variables known to influence cogni-
tive function in this condition (age, discase-related activ-
ity, affective problems, other clinical parameters).

Our selected simple and complex working memory
span tests rely on sustained executive attention and work-
ing memory processes, crucial for the completion of many
daily activities of RA patients. Their successful execution
is largely mediated by frontal lobe functions, with docu-
mented interactions between the neuroanatomical path-
ways which characterize nociceptive and executive
functioning systems in this population.” Some studies
show unimpaired simple and complex working memory
span performance, with deficits in self-paced attention and
long-term recall, partially explained by the association
with
coordination.”*** Other studies however do point to sim-

measures  of  psychomotor  speed  and
ple and complex span deficits (especially visuospatial) in
this population.'*** The only study to provide both accu-
racy and response speed outcomes extracted from a series
of memory tests (measuring both short-term and delayed
recognition) showed that basic deficits in sensorimotor
speed (related to long-term use of immunosuppressive

agents) were the key element underlying recognition
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memory deficits.'® We wanted to check for the presence of
working memory deficits in RA patients using a brief
computerized battery focused on working memory tasks
that require sustained attention, self-initiated monitoring
and short-term recall processes, with a touchscreen or
verbal response that minimizes and controls for reliance
on psychomotor speed. We anticipated that the more
executive demanding working memory tests (strategic
memory search, backward span) would be more affected
than the short-term memory measures (digit span, spatial
span), which only require information storage. This type of
investigation can provide rich avenues for a more nuanced
approach to the accurate identification of working memory
impairments in patients with RA, and for the development

of early therapeutic approaches.

Patients and Methods
Study Design, Participants and Clinical

Evaluation
This cross-sectional study included 29 RA patients from
the Department of Rheumatology of the “luliu Hatieganu”
University of Medicine and Pharmacy, Cluj-Napoca,
Romania with a mean age of 50.6 + 12.3 years, 79%
female. The patients were fulfilling the 2010 American
College of Rheumatology (ACR)/European League
against Rheumatism (EULAR) classification criteria.”’
The exclusion criteria consisted of diabetes mellitus,
malignancy, infections, diagnosed neurological or psychia-
tric diseases that could affect cognition, drugs or alcohol
abuse. Thirty participants from the outpatient service of
the 2nd Internal Medicine Department of the same
University, and matched according to age, gender and
education, without any known cognitive deficits and in
good general health constituted the control group. All
participants provided their informed consent prior to
enrollment. The study was approved by the Ethics
Committee of the “[uliu Hatieganu” University of
Medicine and Pharmacy Cluj-Napoca, Romania and con-
ducted in accordance with the Declaration of Helsinki.
Initially, we conducted a standardized socio-
demographic interview and a detailed clinical evaluation.
For the RA group, disease activity was assessed using the
Disease Activity Score-28 using CRP (DAS28-CRP)*® and
functional status was evaluated by the Health Assessment
Questionnaire (HAQ),?’ two of the most widely used tools

in daily clinical practice.

Laboratory Measurements

After overnight fasting, blood samples were withdrawn by
venipuncture from all participants to measure serum levels
of glucose, total cholesterol, high-density lipoprotein cho-
lesterol (HDL-C) and triglycerides, using standard meth-
ods (Cobas Mira Plus analyzer, Hoffman La Roche,
Switzerland). C-reactive protein (CRP) and IgM rheuma-
toid factor (RF, negative <32 Ul/mL) were determined by
automated turbidimetry, and anti-cyclic citrullinated pep-
tide antibodies (anti-CCP, negative <5 Ul/mL) by enzyme-
linked immunosorbent assay (ELISA).

Objective Cognitive Function Assessment
As an initial screening for cognitive impairment, we admi-
nistered the MMSE,"" with good internal consistency of
the Romanian version®® (Cronbach’s alpha= 0.80 for the
standard version). The test has a maximum score of 30,
with lower scores indicating more severe cognitive pro-
blems. The established cut-off point defining “normal”
cognitive function is usually set at 24.

The CANTABeclipse™  (Cambridge
Limited, United Kingdom) software version 3.0.0
subtests'” were administered on another day by trained

Cognition

research assistants in a quiet, temperature-controlled envir-
onment, with adequate lighting. Three tests were selected
and run on a touchscreen tablet computer taking approxi-
mately 25 minutes to administer.

We first administered the Motor Screening Test
(MOT), which screens for basic difficulties with vision,
touched
crosses that appeared on the screen and the computer

movement and comprehension. Participants
measured the speed and accuracy of their responses.
Next, we assessed spatial short-term memory using the
of the (SSP),
a computerized version of the Corsi Block task.

A pattern of white boxes was shown on the screen and

clinical mode Spatial Span Test

some boxes changed color in a variable sequence. The
participant selected the boxes which changed color in the
same order that they had been previously displayed.
Outcomes included span length, errors, number of
attempts and response duration. We evaluated Spatial
Working Memory (SWM) with the SWM test. The task
assesses the ability to retain and mentally manipulate
spatial information. Participants were required to conduct
a self-organized strategic search in order to find tokens that
were hidden inside boxes displayed on the screen. The rule

of the search is that a token cannot be found in a box that

Psychology Research and Behavior Management 2020:13

submit your manuscript

621

Dove


http://www.dovepress.com
http://www.dovepress.com

Petra et al

Dove

previously contained another token. Therefore, checking
a box in which a token was hidden before was considered
an error (between errors) and so was revisiting a box
already found to be empty during the same search (within
error). The task increased in complexity through the num-
ber of boxes that were presented, ranging from three to
eight. The output also included a heuristic strategy score,
in the case of which, higher values indicated a poorer
strategy. An adjusted Inverse Efficiency (IE) score was
computed by subtracting the mean speed on MOT from
the mean reaction time of the SSP/SWM tests and then
dividing the result by the proportion of correct responses
to that test. This measure accounted for potential speed-
accuracy tradeoffs, while taking into account individual
differences in motor response speed.'®

Verbal short-term and working memory were assessed
with the digit recall and backward digit recall tasks from
the translated AWMA battery.'®*° During these tests, par-
ticipants were required to repeat in the same (digit recall)
or reversed order (backward digit recall) 6 series of 3, 4, 5,
6 and 7 digits that were presented to them in
a computerized recording. Aggregate scores for short-
term memory spans were computed following the proce-
dure as previously described.”” The verbal working mem-
ory tasks from the AWMA also achieved an optimal
standardization in administrating procedures, although
the verbal responses were recorded by an examiner.

Subjective Health and Affective

Functioning Measures

The brief 21-item version of the Depression Anxiety Stress
Scales (DASS)* is a self-report measure of negative affect
over the course of the past week, developed to differentiate
between the affective symptoms of depression, anxiety and
tension/stress. The internal consistency of the Romanian
version’' was acceptable for all scales and comparable to
existing research (Cronbach’s alpha= 0.88, 0.85, and 0.86
for  Depression, Stress  subscales,

Anxiety and

respectively).

Statistical Analysis

Statistical analysis was performed using SPSS (Version
20 — IBM Corporation, USA). All variables were checked
for normality of distribution using the Kolmogorov—
Smirnov test. Next, generalized linear modeling (GzLM)
was used to compare RA patients to controls, adjusting
for confounds (age, sex, education). Linear or gamma

distribution with identity or log link function was
selected, depending on the distribution of the outcome.
Raw scores of the selected CANTAB tests measures were
used for comparisons. Additionally, each individual per-
centile score (“better than” % of normative participants)
was extracted from the matched internal normative data-
base of CANTAB (healthy volunteers of comparable age
and gender). Finally, correlations between the cognitive
and the affective or disease-related variables within the
RA sample were computed (Spearman’s Rho).

Results

Demographic and clinical characteristics of the RA
patients and controls are detailed in Table 1. The two
groups did not significantly differ in terms of age, gender,
years of schooling, or other commonly investigated clin-
ical parameters.

RA patients did not significantly differ from controls in
their MMSE scores (p = 0.96).

The cognitive tests from the CANTAB battery revealed
a mixed pattern of deficits and intact performances of RA
patients when compared to the control group (see Table 2),
or to the normative CANTAB population (see Figure 1).
RA patients were significantly slower (reaction time) on
the basic processing speed test (MOT, p =0.003). When
looking at the visuospatial memory tests, they did not
differ from controls on the spatial short-term memory
measure (SSP), presenting a similar spatial span (p =
0.43, n.s). However, when looking at the adjusted IE
score, they took significantly longer to respond correctly
to the test items (p = 0.04).

RA patients had a significantly higher number of errors
on the strategic working memory test (SWM). This was
visible in terms of both between errors (p = 0.02) and total
errors (p = 0.02), but not in terms of overall search strat-
egy (p = 0.14, n.s.). The adjusted IE score indicates that
RA patients took significantly longer to correctly search
for items (p = 0.004), even when psychomotor speed
differences were taken into account.

On the verbal memory tests from the AWMA battery,
RA patients did not differ in their digit recall test (p =
0.21, n.s.), yet they showed impairments in their verbal
working memory performance on the backward digit recall
test (p = 0.02).

Finally, when looking at the measures of affective
difficulties from the DASS, RA patients reported
a significantly higher level of depressive symptoms (p =
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Table | Baseline Characteristics of the RA Patients and Control
Group

Variables RA Patients Controls p value
(n=29) (n=30)

Age, years 50.6£12.3 51.2+13.8 0.87

Women, n (%) 23 (79.3) 22 (73.3) 0.60

Education (years of 12.6+3 13.9+2.8 0.09

schooling)

BMI, kg/m? 26.9+5.3 25.2+4.3 0.18

WC, cm 90.7£13.2 90.4£12.3 0.93

TC, mg/dL 205+44 204.3+54.6 0.92

HDL-C, mg/dL 55.5%13.2 52.3+16.8 0.41

TG, mg/dL 117.3+48.7 123.8+75.5 0.70

LDL-C, mg/dL 126+39.5 125+54.6 0.94

MetS, n (%) 6 (20.7) 9 (30) 0.55

Dyslipidemia, n (%) 14 (48.3) 15 (50) 0.93

Hypertension, n (%) 6 (20.7) 5(l6.7) 0.75

Current smoking, n (%) | 4 (13.8) 5 (16.7) 0.52

RA features

Disease duration, 9 (4-15.5) -

years

ESR, mm/h 15 (8.5-26.5) -

CRP, mg/L 5(2-12) -

DAS28-CRP 3.9+1.2 -

HAQ 1+0.6

RF positivity, n (%) 21 (72.4) -

Anti-CCP positivity, n (%) | 23 (79.3) -

Antirheumatic agent use

Prednisone n (%) 7 (24.1) -

Synthetic DMARD, 16 (55.2) -

n (%)

Biologic DMARD, 6 (20.7) -

n (%)

Notes: Values are expressed as mean+SD, median [interquartile range] or n (%);
p<0.05 is statistically significant.

Abbreviations: BMI, body mass index; WC, waist circumference; TC, total cho-
lesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; LDL-C,
low-density lipoprotein cholesterol; MetS, metabolic syndrome; ESR, erythrocyte
sedimentation rate; CRP, C-reactive protein; DAS28-CRP, Disease Activity Score 28
Joints Count-CRP; HAQ, Health Assessment Questionnaire; RF, rheumatoid factor;
Anti-CCP, anticitrullinated peptide antibody; DMARD, disease-modifying anti-
rheumatic drug.

0.03), yet they did not differ from controls in terms of
anxiety (p = 0.13), or of stress (0.08).

Bivariate correlations (Spearman’s rho) between cog-
nitive and affective measures and disease-related para-
meters in the RA group are displayed in Table 3. Age
was negatively related to the strategic WM search indexes
(SWM errors, strategy and Inverse Efficiency) and to the
verbal WM measure (backward digit span). Patients with
higher BMI had a lower SSP span and a higher number of

errors on the SWM task and took longer to perform the
SWM correctly (SWM IE). This inverse measure of SWM
efficiency was also related to disease duration. Finally,
higher education (years of schooling) was negatively
related to all affective problems (depression, anxiety,
stress). There was convergence between higher subjective
reports of anxiety (and marginally stress) and poorer over-
all health assessment (HAQ), with greater disease activity
(DAS28-CRP) also being related to higher depression.

Discussion

In the current study, an objective neuropsychological
assessment was conducted to investigate memory dysfunc-
tions in patients with RA, while controlling for socio-
demographic, affective and sensorimotor characteristics.
To our knowledge, this is the first study focusing on
memory deficits in patients with RA using a standardized
computerized battery with touchscreen technology, while
taking into account information modality (verbal versus
visuospatial) and processing demands (low for short-term
memory versus high for working memory tasks). Results
indicate that short-term information storage — both verbal
and visuospatial — was comparable to controls in RA
patients, yet this comparable accuracy came at the expense
of a longer time needed to retain information correctly (in
the case of the spatial span). Unfortunately, a comparable
response length index was not recorded for the verbal span
task, so similar efficiency costs might exist, but they were
not objectively assessed.

When RA patients were confronted with higher execu-
tive demands, both their visuospatial and verbal working
memory was compromised, relative to controls. More spe-
cifically, RA patients took longer to conduct a strategic
memory-guided search and had a higher number of total
errors, especially incorrectly revisiting boxes where treats
had already been found (between errors). However, their
actual search strategy did not differ from controls, and
they did not have more searches through previously
empty locations (within errors). Importantly, all the iden-
tified differences remained significant even when control-
ling for variables such as age, sex, education, and
depression (and psychomotor speed in the case of SSP
and SWM). Also, the differences between the RA group
and the control group remained significant even when
contrasting them to the normative CANTAB sample,
which indicates particular areas of impairment for RA
patients in simple reaction time (MOT) and strategic
search (SWM). However, the comparison with the
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Table 2 Cognitive and Affective Assessment in Patients with RA Compared to the Control Group

Variables RA Patients (n=29) Controls (n=30) p value
Mean = SD Range Mean = SD Range

MMSE 28.3%1.3 25-30 28.3+1.8 25-30 0.96
MOT mean latency (ms) 1124+438 7112478 8841205 542-1295 0.003**
MOT errors 10£2.2 4.6-14 10.3+2.4 5-16.4 0.57
SSP span length 5+1.5 2-8 5+1.2 3-7 0.43
SSP total errors 11.8+£5.7 5-28 10.1£2.9 5-17 0.53
SSP time adjusted (ms) 7238+3618 2914-15,726 58461831 3413-10,562 0.07
SSP IE 117+89 36450 80+30 41-157 0.04*
SWM btw errors 44+18.6 7-69 34.6+20.4 0-72 0.02*
SWM total errors 4619 7-73 36.2121 0-76 0.02*
SWM strategy 36.1%5.3 23-43 34.5%6.2 20-46 0.14
SWM time adjusted (ms) 34,657+8189 18,537-48,241 29,142+7887 17,944-55 0.01*
SWM [E 7281294 2051304 5104252 187—1141 0.004**
Digit recall 4.6+0.8 3-6 4.6x0.9 3-6 0.21
Backward digit recall 2.3%1.3 1-6 3.2+1.6 1-6 0.02*
Depression (DASS) 6.9£3.7 1-16 4.9+29 0-12 0.03*
Anxiety (DASS) 5.2+2.9 1-12 3.9+27 0-10 0.13
Stress (DASS) 5.6+2.9 1-12 4.1£3.2 0-12 0.08

Notes: Values are expressed as meanSD; *p<0.05 and **p<0.0l are statistically significant. For the cognitive tests, p-values are derived from the comparison using

generalized linear models while controlling for age, sex, education.

Abbreviations: MMSE, Mini-Mental State Examination; MOT, Motor Screening Test; SSP, Spatial Span Test; SWM, Spatial Working Memory; IE, inverse efficiency; DASS,

Depression Anxiety Stress Scales.
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Figure | Comparison between the RA and control groups (better than % of the age and gender-matched normative CANTAB database).

CANTAB database revealed that both samples underper-
formed (less than 50%) on the SSP and the SWM mea-
sures, which suggests that cultural differences (or the fact
that both samples were recruited in clinical settings) could
be responsible for this pattern of deficits. Additionally, RA

patients had a significantly lower verbal working memory
span on the backwards digit recall test, which confirms
similar previous findings in this population.®

The fractionated pattern of results for the memory tasks
can be explained by the fact that unlike working memory
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Table 3 Correlations Between Cognitive and Affective Measures and Disease-Related Parameters in the RA Group
Age (Years) Education (Years) Disease Duration BMI HAQ DAS28-CRP MMSE

Cognitive
MOT latency 0.14 0.11 0.31 0.12 0.18 —0.07 0.04
MOT error 0.08 —0.13 —0.08 0.03 —0.00 0.15 0.10
SSP span length 0.00 0.24 0.00 —0.37* —0.30 —0.28 0.24
SSP total errors 0.26 0.33 —0.06 —0.26 —0.12 —0.23 0.06
SWM between errors 0.45% 0.00 0.13 0.44* 0.07 0.14 —0.24
SSP IE 0.19 —0.05 0.10 —0.13 —0.10 —-0.10 0.04
SWNM total errors 0.40* —0.02 0.08 0.48%* 0.11 0.20 -0.29
SWNM strategy 0.39% —0.05 0.25 0.08 —0.21 0.08 0.15
SWM IE 0.50%* —0.24 0.36%* 0.42%* 0.04 0.18 —-0.12
Forward digit span —0.01 0.16 0.07 —0.25 —0.24 —0.07 0.41*
Backward digit span —0.47% 0.07 —0.11 -0.19 —0.04 —0.22 —0.16
Affective
DASS - Depression 0.13 —0.48* —0.09 —-0.07 0.41 0.43* -0.17
DASS - Anxiety —0.04 —0.63** —0.04 0.03 0.50* 0.39 —0.34
DASS - Stress 0.02 —0.54%* —0.18 —0.05 0.40 0.36 —0.44*

Note: *p<0.05 and **p<0.01 are statistically significant.

Abbreviations: MOT, Motor Screening Test; SSP, Spatial Span Test; SWM, Spatial Working Memory; IE, inverse efficiency; DASS, Depression Anxiety Stress Scales; BMI,
body mass index; HAQ, Health Assessment Questionnaire; DAS28-CRP, Disease Activity Score 28 Joints Count-CRP; MMSE, Mini-Mental State Examination.

demanding task, storage capacity could be less sensitive to
pain modulated executive deficits in RA patients, and also
less influenced by their affective problems.” Previous stu-
dies also documented low range of impairments in RA
participants at the simple storage level, in terms of
visuospatial'® and verbal®* performance, while pinpointing
to larger or similar deficits in more executive demanding
working memory measures.'> However, these studies were
not controlling for baseline differences in motor reaction
speed, which is a net advantage of the current study. Our
study suggests that in RA patients, for the low demanding
short-term storage tasks the burden of the cognitive
impairment is more taxing in terms of task efficiency
than task accuracy, while for the more executive demand-
ing working memory tests both execution accuracy and
efficiency are negatively affected.

As expected, the simple reaction time task (MOT)
revealed a longer time needed for RA patients to correctly
react to the stimuli, confirming similar findings of sensor-
imotor deficits on computerized testing.'® RA specific
peripheral inflammation leads to increased circulating
cytokines, which have been associated with perturbed
neural reactivity within the substantia nigra and with per-
formance slowing.*?

Looking at interrelations with anthropometric mea-
sures, we found increased BMI to be correlated with

worse performance on both visuospatial memory, but not
on verbal memory tasks (a relationship not confirmed in
the control sample). The relationship between adiposity
and cognition seems complex and dynamic in time, with
longitudinal studies in the general population showing
both protective®® and detrimental®* roles of BMI on brain
functioning. Our study reported no relationship between
cognitive performance and disease activity, in line with
a recent study by Said et al.*> However, we must take into
consideration that RA patients in both these studies had
moderate cumulative disease activity and mild/moderate
functional impairment. Education was another parameter
of the RA group which was not associated with cognitive
impairment (although in the control sample it was nega-
tively associated with motor slowing and with higher
verbal working memory). At odds with our findings,
another recent study performed on 464 RA patients
reported both high disease activity and low education to
be associated with cognitive impairment.>® The aforemen-
tioned study found no relationship between cognitive per-
formance and functional status, in accordance with our
data. These heterogeneous results may be explained by
various cognitive assessment tools that were used in such
studies.

In accordance with a meta-analysis that included 72
RA studies,®” we found the RA group to have experienced
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more depression than controls, which is a variable also
linked to psychomotor slowing.*® Furthermore, we found
education to be inversely correlated with all affective
measures in the RA group, which suggests that education
could be an important buffer for the impact of this condi-
tion on the emotional wellbeing of the participants.
However, the results of our exploratory correlational ana-
lysis need to be treated with caution, and confirmed on
larger prospective samples, while also adjusting for the
multiple correlations being conducted.

Among other study limitations, due to the cross-
sectional design, no cause-effect conclusions can be
directly drawn from our research, in order to highlight
the actual path towards cognitive impairment. Secondly,
with a relatively small sample size, we could not divide
the RA patients into subgroups of gender, anthropometric
measurements or other risk factors and analyze how they
might have influenced the cognitive outcomes, although
the correlations with these parameters were analyzed.
Thirdly, duration of testing was limited so we only
employed a narrow battery of cognitive tests, which
omits relevant aspects of memory documented to be
affected in RA patients, such as episodic memory or
longer-term recall.'** However, all of our measures con-
verged in addressing different facets of short-term and
working memory, themselves affected by other (not mea-
sured) variables such as verbal fluency, spatial processing
or general intelligence. Other authors®® recommend the
analysis of differences between specific CANTAB tests
as opposed to the use of aggregate, latent variables (eg,
“memory” or “executive functions”), which are still com-
monly employed in the few studies administering more in-
depth cognitive tasks to RA patients.® Finally, besides the
advantages of computerized testing described above, our
study shares the limitations of these studies, such as the
lack of familiarity with computerized interfaces which can

be intimidating for elderly participants,*’

potentially
obscuring differential task engagement and other qualita-
tive indicators of performance which are not objectively
recorded.*!

Despite these limitations, to the best of our knowledge,
this is the first study that uses a touchscreen technology in
RA patients, a procedure which minimizes motor demands,
and is recorded with minimal interference from the
researcher during data acquisition. While the known hand
deformities and motor deficits specific to RA could still play
a role, their influence is minimized compared to classical

executive functions assessment procedures, which rely on

drawing or writing responses.*® Moreover, the IE measure
which showed the greatest differences between the samples
was specifically designed to reveal more purely cognitive
speed-accuracy tradeoffs, only visible through such compre-
hensive computerized assessment. Such tradeoffs affect
patients’ everyday activities, since they need to employ
more time and resources to achieve comparable levels of
accuracy, resulting in subjective complaints of poorer con-
centration, word-finding difficulties and memory deficits.*?

Conclusion

The findings of this study emphasize the importance of
performing objective tests in order to detect subtle signs of
cognitive impairment and to adopt a timely therapeutic
approach. Such an intervention could include visual working
memory training strategies”’ based on similar methods to the
ones we used for identifying the deficits. A pioneering pro-
gram of memory training (eg, training both memory capacity
with tasks similar to our assessment and memory strategies)
has been documented to ameliorate cognitive performance
and at the same time reduce inflammation in aging partici-
pants, being associated with lower peripheral levels of the
C and pro-inflammatory cytokines.** This opens up new
avenues for using such brief testing batteries in the assess-
ment and design of subsequent memory training endeavors
which can improve quality of life and actively minimize the
behavioral sequence of chronic inflammation characterizing
this condition.
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