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Abstract: Objective: To prospectively evaluate possible decline of cognitive functions in adult patients
with juvenile idiopathic arthritis (JIA) and identify associated factors. Patients and methods: We
performed a 24-month prospective observational study of adults (≥16 years) with JIA. The primary
outcome measure was decline in cognitive function defined as a worsening of ≥2 points on the
scales of the subsets administered to evaluate the different cognitive areas using the Wechsler
Adult Intelligence Scale (WAIS) after 24 months: attention/concentration (digit span); verbal function
(vocabulary); visual-spatial organization (block design); working memory (letter-number sequencing);
and problem solving (similarities). Other variables included average inflammatory activity using
C-reactive protein and composite activity indexes, comorbidity, and treatment. Logistic regression
was performed to identify factors associated with cognitive decline. Results: The study population
comprised 52 patients with JIA. Of these, 15 (28.8%) had cognitive decline at V24. The most affected
functions were working memory (17.3%), attention/concentration (9.6%), verbal function (7.7%),
visual-spatial organization (7.7%), and problem solving (3.8%). There were no significant differences
in the median direct or scale scores for the cognitive functions evaluated between V0 and V24
for the whole sample. The factors associated with cognitive decline in patients with JIA were
average C-reactive protein (OR [95% CI], 1.377 [1.060–1.921]; p = 0.039), depression (OR [95% CI],
3.691 [1.294–10.534]; p = 0.015), and treatment with biologics (OR [95% CI], 0.188 [0.039–0.998];
p = 0.046). Conclusion: Cognitive decline was detected in almost one third of adults with JIA after
24 months of follow-up. Systemic inflammatory activity in JIA patients was related to cognitive
decline. Patients treated with biologics had a lower risk of decline in cognitive functions.

Keywords: juvenile idiopathic arthritis; cognitive functions; inflammation; biological therapy

1. Introduction

Juvenile idiopathic arthritis (JIA) comprises the most frequent group of inflammatory
rheumatic disorders in children and can lead to major morbidity and disability in the short
and long terms [1]. JIA includes heterogeneous inflammatory diseases that have little
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more in common than arthritis and age of onset, together with a systemic component with
variable severity [2,3]. As is the case in adult arthritis, musculoskeletal manifestations
predominate in patients with JIA. However, given its systemic inflammatory nature, JIA
can affect other organs and, therefore, lead to manifestations such as psychiatric disorders
and cognitive impairment [4,5].

Cognitive decline can be defined as the objective worsening of memory and other
cognitive functions compared with a previous state. Cognitive decline is a physiological
process that occurs with aging but also is pathologic when the worsening is greater than
expected for normal aging with different functional repercussions in daily activities (mild
cognitive impairment and dementia). Cognitive decline and cognitive impairment are
comorbid conditions that can affect functioning and quality of life in patients with chronic
joint diseases [6]. Several studies have evaluated cognitive impairment in rheumatoid
arthritis (RA) and the factors that may be associated with this comorbid condition [4,6–9].
In most studies, cognitive impairment has been defined as a neuropsychological test score
below standards values but also when scores were lower than in healthy controls. In a
recent meta-analysis of 15 cross-sectional observational studies [9], the authors reported
a high prevalence of cognitive impairment in patients with RA, ranging from 38% to
71%. Similarly, in their cross-sectional study of a prospective cohort (464 patients with
RA), Katchamart et al. [6] found that inflammatory activity was associated with cognitive
impairment after a median follow-up of 5 years. The authors proposed that, consistent
with other studies in other inflammatory diseases [10], systemic inflammation can affect
cognitive function through increased levels of cytokines, such as TNF-alfa and IL-6, leading
to direct damage of neural tissue and thus increasing the risk of atherosclerosis [6,7]. Other
factors associated with cognitive impairment include age, psychiatric disorders, and the
effect of drugs such as corticosteroids [11]. While data on cognitive function specifically in
JIA are scarce [12,13], our group recently observed worse results for visual-spatial function
in adults with JIA than in healthy controls and found that a lower score was associated
with disease duration, inflammatory activity at inclusion (measured using JADAS27), and
level of education [13]. One of the limitations of the study was its cross-sectional design,
which did not enable us to determine the presence of true cognitive decline, since patients
did not present subjective memory complaints with respect to a previous state. Similarly,
since no previous test results were available, we were unable to determine whether other
factors such as age, persistence of inflammation over time, treatment, and other comorbid
conditions (e.g., depression) could play a role in cognitive decline in patients with JIA.
Therefore, we performed a study with the following objectives: (1) to carry out a prospective
evaluation of cognitive function in adults with JIA; and (2) to identify factors associated
with cognitive decline.

2. Materials and Methods
2.1. Design

We performed a 24-month prospective, observational study of a cohort of patients
with JIA. Recruitment ran from September 2019 to February 2022. The study was approved
by the Research Ethics Committee of Hospital Regional Universitario de Málaga (HRUM)
(Code 2627-N-21). All the subjects gave their written informed consent to participate.

2.2. Patients

We recruited patients aged ≥16 years with JIA classified according to the criteria of
ILAR 2001 [3] who were in follow-up at the Department of Rheumatology of HRUM and
who participated in the original evaluation of cognitive performance (Code 0925-N-19) [13].
In order to avoid interference in the results of the neuropsychological tests, we excluded
patients with inflammatory or rheumatic diseases other than JIA (except secondary Sjögren
syndrome), patients with previous neurological disease not associated with JIA, patients
treated with drugs that affect the central nervous system (e.g., antiepileptic drugs, antide-
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pressants, benzodiazepines, and barbiturates], and those with low scores in the manual
dexterity test.

2.3. Protocol

Baseline in 2019 (V0) and at 24 months from the initial evaluation (V24) [13], all of
the patients recruited underwent the same neuropsychological test battery according to a
pre-established protocol [13], and data were recorded from their clinical history.

Two rheumatologists collected the clinical data and physical examination. One of the
rheumatologists performed the physical examination of the patients and the other rheuma-
tologist administrated WAIS subtests. The neuropsychological evaluation was corrected
jointly by a neurologist and a neuropsychologist. The neuropsychological evaluation was
performed using a series of tests following the appropriate manual. These included the
Wechsler Adult Intelligence Scale (WAIS-III, second edition in Spanish, TEA Ediciones)
and the Beck Depression Inventory-II (BDI-II). All the tests were administered in the same
clinic based on the same timetable as the first evaluation. Before administration of the
neuropsychological battery, all patients underwent the Nine-Hole Peg Test to assess their
manual dexterity.

2.3.1. Wechsler Adult Intelligence Scale

WAIS-III is the fifth version of the Wechsler Adult Intelligence Scale. It comprises
13 subsets divided between 2 scales: the verbal scale, with the subtests vocabulary, similari-
ties, arithmetic, digit span, information, comprehension, and letternumber sequencing; and
the performance scale, including picture completion, digit symbol coding, block design,
matrix reasoning, picture arrangement, and symbol search [14]. Some of these subtests
make it possible to evaluate the following cognitive domains: attention/concentration
using digit span [8,15], verbal functioning using vocabulary [8], visual-spatial organization
using block design [8], working memory using letter-number sequencing [16] and digit
span [17], and reasoning/problem solving using similarities [8,18]. We selected these
5 domains based on the literature [9,19]. We used the second revised edition of WAIS-III in
Spanish (TEA Ediciones). The subtests selected were administered and corrected following
the guidelines of the corresponding manual for application and correction. Direct (raw)
and scaled scores can be obtained for each WAIS-III subtest. Scaled scores are normalized
scores for different age groups.

2.3.2. Beck Depression Inventory II (BDI-II)

The Beck Depression Inventory (BDI) 21-item self-assessment instrument is used for
evaluating depressive symptoms. According to the score, depression can be classified as
normal (0–13), mild (14–19), moderate (20–28), and severe (29–63) [20]. It has proven useful
for identifying depression in various medical specialties, including rheumatology [20]. The
version used was the Beck Depression Inventory-II (BDI-II) from 1996 [21].

Nine-Hole Peg Test

The Nine-Hole Peg Test is used to evaluate manual dexterity. The reference times were
those published in Oxford Grice et. al, 2003 [22]. Patients with low scores were considered
to have impaired manual dexterity and were excluded from the study [23].

2.4. Working Definitions and Variables

The main variable was “cognitive decline”, defined as worsening at 24 months (V24)
of ≥2 scale points in a subtest with respect to the score obtained at V0 [24]. The cognitive
areas of the corresponding tests were attention/concentration (digit span), verbal function
(vocabulary), visual-spatial organization (block design), working memory (letter-number
sequencing; and digit span), and problem solving (similarities). Depression was evaluated
using the BDI-II, defining the presence of depression when a score of ≥14 is obtained [20].
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Inflammation

Evaluation of the joints at V0 and V24 included inflammatory activity using the
27-joint Juvenile Arthritis Disease Activity score (JADAS27) [25], and C-reactive protein
level (mg/dL) and ESG (mm/h) in blood [26]. We also calculated the average inflammatory
activity throughout the follow-up period using the mean JADAS27 and C-reactive protein
values (mg/dL) Furthermore, severity-related variables were taken into account, e.g.,
erosions on radiography and physical function using the Health Assessment Questionnaire
(HAQ) [27].

2.5. Other Variables

We recorded demographic, laboratory, and treatment-related data. V24 was considered
the cut-off for including patients in the study and V0 the baseline date for evaluation of
cognitive function in 2019. The demographic and clinical variables included age (years), sex
(male/female), educational level (basic, non-university higher, university), body mass index
(BMI, weight [kg]/): height [m2]), and smoking (active smoker, ex-smoker, and nonsmoker).
Traditional cardiovascular risk factors were also recorded. Arterial hypertension was de-
fined as blood pressure ≥140/90 mmHg or treatment with antihypertensive medication [28].
Diabetes mellitus was diagnosed according to the 2010 recommendations of the Ameri-
can Diabetes Association [29]. Dyslipidemia was recorded (LDL cholesterol >160 mg/dL;
triglycerides > 200 mg/dL; HDL cholesterol < 40 mg/dL [men] and <50 mg/dL [women]),
as was obesity (≥30 kg/m2) [30].

The characteristics of patients with a JIA included date of onset of the disease (calcu-
lated from the diagnosis to the cut-off), diagnostic delay (months from onset of symptoms
to diagnosis of JIA), uveitis, and the following laboratory variables: rheumatoid factor (RF),
positive if >20 IU/mL; anticitrullinated peptide antibody (ACPA), positive if >10 IU/mL;
HLA27 (positive/negative); antinuclear antibody (ANA), positive if >1/80 at any point
during the disease. We recorded all previous drugs, current medication, and changes in
medication during the prospective follow-up, including disease-modifying antirheumatic
drugs (DMARDs). These included the following: conventional synthetic DMARDs (csD-
MARDs), such as methotrexate, leflunomide, and sulfasalazine; and biologic DMARDS
(bDMARDs), such as tumor necrosis factor inhibitors (anti-TNF), tocilizumab, abatacept,
rituximab, ustekinumab, and Janus kinase inhibitors (JAKi [e.g., tofacitinib and baricitinib]).
We also recorded corticosteroids.

2.6. Statistical Analysis

First, we performed a descriptive analysis of the main patient-related variables. Quali-
tative variables were expressed as number and percentage. Quantitative variables were
expressed as mean ± standard deviation (SD) for normally distributed data and as me-
dian ± interquartile range (IQR) for non-normally distributed data. The normality of the
distribution of continuous variables was confirmed using the Kolmogorov–Smirnov test.
The main variables of cognitive function were compared after 24 months of follow-up
(V0 vs. V24). We studied the characteristics of patients with JIA according to the degree of
cognitive decline. Hypotheses for qualitative variables were tested using the Pearson χ2

test; the t test was used for quantitative variables. Finally, we ran a multivariate logistic
regression analysis to identify those factors associated with cognitive decline in JIA. We
used the same sample as in the evaluation in 2019, whose size was calculated based on
data for patients with RA, owing to the lack of data in adults with JIA [31]. Data were
entered and the statistical analysis performed using R Commander (John Fox; Hamilton,
ON, Canada).

3. Results
3.1. Clinical Characteristics

Between September 2019 and February 2022, we prospectively followed 52 patients with
JIA. There were no losses during recruitment or follow-up or exclusions (Supplementary
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Figure S1). During follow-up, none of the patients developed a neurological disorder or
started treatment with antiepileptic drugs, antidepressants, benzodiazepines, or barbi-
turates. None of the patients reported subjective cognitive complains. All the patients
completed the Nine-Hole Peg Test to assess manual dexterity in less than 5 min, with a
mean (SD) time of 14.0 (2.0) s.

The main characteristics at V0 and at V24 are shown in Table 1. In addition, a detailed
description of the baseline characteristics of these patients has already been described [13].
Most participants were women (67%), and at V24, the mean (SD) age was 25.0 (6.1) years.
At the end of follow-up (vs. V0), more patients were educated to a university level
(p = 0.001), and although no differences were observed for most cardiovascular risk factors,
more patients were smokers (p = 0.010) and were overweight or obese (p = 0.015). As
for clinical-laboratory characteristics, more than half of the patients had longstanding
oligoarticular JIA, and 40% had positive ANA titers. There were no significant differences
at V24 compared with V0 in inflammatory activity assessed using JADAS27 (p = 0.751). The
patients had a median JADAS27 of around 4.0 and an average CRP of 3.4 mg/dL (Table 1).

Table 1. Characteristics of 52 patients with JIA at baseline and at 24 months.

Variable Baseline
n = 52

24 Months
n = 52 p Value

Epidemiological characteristics
Age in years, mean (SD) 22.8 (5.1) 25.0 (6.1) <0.001

Female sex, n (%) 35 (67.3) 35 (67.3) 1.000
Caucasian race, n (%) 50 (96.2) 50 (96.2) 1.000

Smoking 0.010
Nonsmoker, n (%) 46 (88.5) 38 (73.1)

Smoker, n (%) 6 (11.5) 14 (26.1)
Educational level 0.001

Basic, n (%) 12 (23.1) 5 (9.6)
Non-university higher, n (%) 29 (55.8) 22 (42.3)

University, n (%) 11 (21.2) 25 (48.1)
Comorbid conditions

AHT, n (%) 1 (1.9) 1 (1.9) 1.000
DM, n (%) 1 (1.9) 1 (1.9) 1.000

Dyslipidemia, n (%) 2 (3.8) 4 (7.7) 0.259
BMI (kg/m2), mean (SD) 22.3 (3.4) 23.8 (4.6) 0.005
Normal (18.5–24.9), n (%) 45 (86.5) 39 (75.0) 0.015

Overweight (≥25–<30), n (%) 5 (9.6) 6 (11.5) 0.015
Obesity (≥30), n (%) 2 (3.8) 7 (13.5) 0.015

Clinical-laboratory characteristics
Duration of JIA, months, median (IQR) 134.1 (95.6–214.2) 161.4 (103.6–220.4) <0.001
Diagnostic delay, months, median (IQR) 3.0 (2.3–3.0) 3.0 (2.3–3.0) 1.000

Type of JIA 0.850
Systemic, n (%) 3 (5.8) 3 (5.8)

Oligoarticular, n (%) 30 (57.7) 30 (57.7)
Polyarticular RF+, n (%) 1 (1.9) 1 (1.9)
Polyarticular RF−, n (%) 8 (15.4) 8 (15.4)

Psoriatic, n (%) 3 (5.8) 3 (5.8)
Arthritis-enthesitis, n (%) 7 (13.5) 7 (13.5)
Undifferentiated, n (%) 0 (0.0) 0 (0.0)

Erosions, n (%) 8 (15.4) 9 (17.3) 0.322
RF > 10 U/mL, n (%) 2 (3.8) 2 (3.8) 1.000

ACPA > 20 U/mL, n (%) 2 (3.8) 2 (3.8) 1.000
HLA B27+, n (%) 9 (17.3) 9 (17.3) 1.000

ANA, n (%) 21 (40.4) 21 (40.4) 1.000
Uveitis, n (%) 10 (19.2) 11 (21.1) 0.322
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Table 1. Cont.

Variable Baseline
n = 52

24 Months
n = 52 p Value

JADAS27, median (IQR) 3.9 (2.9–10.0) 4.0 (2.9–8.3) 0.751
Average JADAS27, median (IQR) - 4.0 (2.8–9.2) -

CRP (mg/dL), median (IQR) 2.9 (2.0–2.9) 3.0 (2.9–4.0) 0.228
Average CRP (mg/dL), median (IQR) - 3.4 (2.9–4.2) -

HAQ, median (IQR) 0.0 (0.0–0.15) 0.0 (0.0–0.15) 0.285
Average HAQ, median (IQR) - 0.0 (0.017) -

Treatment
Conventional synthetic DMARDs, n (%) 24 (46.2) 22 (42.3) 0.785

Methotrexate, n (%) 18 (30.8) 18 (30.8) 1.000
Leflunomide, n (%) 4 (7.7) 1 (1.9) 0.101
Sulfasalazine, n (%) 1 (1.9) 2 (3.8) 0.323

Hydroxychloroquine, n (%) 1 (1.9) 1 (1.9) 1.000
Biologic DMARDs, n (%) 28 (53.8) 31 (59.6) 0.182

Etanercept, n (%) 7 (13.5) 7 (13.5) 1.000
Adalimumab, n (%) 12 (23.1) 13 (25.0) 0.780
Golimumab, n (%) 1 (1.9) 2 (3.8) 0.323

Certolizumab, n (%) 0 (0.0) 1 (1.9) 0.322
Tocilizumab, n (%) 7 (13.5) 7 (13.5) 1.000
Tofacitinib, n (%) 1 (1.9) 0 (0.0) 0.323

Secukinumab, n (%) 0 (0.0) 1 (1.9) 0.323
Corticosteroids, n (%) 8 (15.3) 6 (11.5) 0.103

Dose of corticosteroids (grams), median (IQR) 5.0 (0.0–7.5) 5.0 (0.0–6.8) 0.172

Abbreviation: JIA: juvenile idiopathic arthritis; SD: standard deviation; AHT: arterial hypertension, DM: diabetes
mellitus; BMI: body mass index; IQR: interquartile range; RF: rheumatoid factor; ACPA: anticitrullinated peptide
antibody; HLA: human leukocyte antigen; ANA: antinuclear antibodies; JADAS: Juvenile Arthritis Disease
Activity score; CRP: C-reactive protein; HAQ: Health Assessment Questionnaire; DMARD: disease-modifying
antirheumatic drugs.

At V24, 20/52 patients (38.4%) were receiving monotherapy with bDMARDs, 13/52
(25.0%) were receiving monotherapy with csDMARDs, 11/52 patients (21.1%) were receiv-
ing combination therapy, and 8/52 patients (15.3%) were not receiving DMARDs because
their symptoms were controlled (Table 1). There were no significant differences at V24
compared with V0 in the number of patients who were receiving csDMARDs (p = 0.785),
bDMARDs (p = 0.182), or corticosteroids (p = 0.103). During follow-up, two patients
suspended leflunomide owing to intolerance, and another patient switched leflunomide
for sulfasalazine because she wished to become pregnant, although she did not become
pregnant during this period. As for bDMARDs, three patients started a new treatment:
one patient initiated adalimumab, one certolizumab, and one secukinumab. One patient
discontinued tofacitinib owing to inefficacy and switched to golimumab.

3.2. Prospective Evaluation of Cognitive Function

Table 2 shows the numerical differences in cognitive function evaluated at V0 and V24
for the whole sample. There were no significant differences in the median direct or scale
scores for the cognitive functions evaluated between V0 and V24. At the end of follow-up,
the values recorded for depression based on the BDI questionnaire were higher (p = 0.035),
and more patients fulfilled the criteria for depression (p = 0.046).
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Table 2. Cognitive function at baseline and at 24 months in patients with JIA.

Variable Baseline
n = 52

24 Months
n = 52 p Value

Verbal functioning
Vocabulary, direct score, median (IQR) 20.5 (13.0–27.0) 21.0 (17.0–25.7) 0.185
Vocabulary, scale score, median (IQR) 3.0 (3.0–5.0) 4.0 (3.0–5.0) 0.445

Decline ≥2 scale points, n (%) - 4 (7.7) -
Problem-solving function

Similarities, direct score, median (IQR) 15.0 (12.0–18.0) 14.0 (12.0–17.0) 0.359
Similarities, scale score, median (IQR) 7.0 (6.0–9.0) 7.0 (6.0–8.0) 0.347

Decline ≥2 scale points, n (%) - 2 (3.8) -
Attention function

Digit span, direct score, median (IQR) 14.0 (12.0–16.0) 14.0 (13.0–17.5) 0.191
Digit span, scale score, median (IQR) 8.0 (6.0–10.0) 8.0 (7.0–10.7) 0.119

Decline ≥2 scale points, n (%) - 6 (11.5) -
Working memory function

Letter-number sequencing function, direct score, median (IQR) 8.0 (7.0–11.0) 8.0 (6.2–9.7) 0.901
Letter-number sequencing function, scale score, median (IQR) 6.6 (5.0–10.0) 6.5 (6.5–9.7) 0.351

Decline ≥2 scale score, n (%) - 5 (9.6) -
Visual-spatial organization

Block design, direct score, median (IQR) 28.0 (24.0–38,) 27.0 (20.2–39.0) 0.102
Block design, scale score, median (IQR) 5.0 (4.0–8.0) 5.0 (4.0–7.0) 0.371

Decline ≥2 scale points, n (%) 4 (7.7)
BDI number, mean (SD) 5.2 (3.9) 6.4 (4.4) 0.035

Depression according to BDI, n (%) 0.046
Normal (0–13) 44 (84.6) 39 (75.0)
Mild (14–19) 4 (7.7) 7 (13.5)

Moderate (20–28) 3 (5.8) 5 (9.6)
Severe (≥29) 1 (1.9) 1 (1.9)

Abbreviations: JIA: juvenile idiopathic arthritis; SD: standard deviation; IQR: interquartile range; BDI: Beck
Depression Inventory.

A total of 15 patients (28.8%) had cognitive decline with worsening ≥2 scale points
in the subtests administered to evaluate different cognitive areas. Cognitive decline was
recorded for 10/15 patients (66.6%) in 1 subtest, for 4/15 patients (26.6%) in 2 subtests, and
1/15 patients (6.6%) in 3 subtests. The cognitive tests showing decline with respect to V0
in a larger percentage of patients were digit span (11.5%) and letter-number sequencing
(9.6%), followed by vocabulary (7.7%), block design (7.7%), and, finally, similarities (3.8%)
(Table 2). Considering the functions evaluated by these tests, the cognitive functions most
affected were working memory (17.3%), followed by attention/concentration (9.6%), verbal
function (7.7%), visual-spatial organization (7.7%), and finally problem solving (3.8%).
There were no significant differences in the median direct or scale scores for the cognitive
functions evaluated between V0 and V24 for the whole sample (Supplementary Figure S2).
The characteristics of patients with JIA and cognitive decline are shown in Supplementary
Table S1. Among patients without cognitive decline, four of them improved in at least one
domain (improvement in 2 or more scaled points). Three of these patients were already on
anti-TNF in V0 and the other one began anti-TNF before V24. There were no significant
variations in CRP between V0 and V24 in these patients. One patient had mild depression
in V0 resolved in V24.

3.3. Factors Associated with Cognitive Decline in JIA

Table 3 shows the characteristics of patients with JIA at baseline (V0) and the end
of follow-up (V24) according to cognitive decline. Fifteen patients (28.8%) with JIA had
cognitive decline, with worsening of ≥2 scale points on the subtests administered to
evaluate the different cognitive areas. Compared to patients who did not have cognitive
decline, those who did were less likely to have a secondary/university education at baseline
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(60% vs. 84%; p = 0.045), had a higher CRP value at baseline (3.0 [2.9–5.0] vs. 2.9 [2.0–2.9];
p = 0.048), and were less frequently taking biologics (33.3% vs. 62.2%; p = 0.046).

Table 3. Characteristics of patients with JIA at baseline and the end of follow-up according to
cognitive decline.

Variable Cognitive Decline
n = 15

No Cognitive Decline
n = 37

Cognitive vs. No
Cognitive Decline

p Value

Baseline End of
Follow-Up Baseline End of

Follow-Up Baseline End of
Follow-Up

Epidemiological characteristics

Age in years, mean (SD) 21.3 (5.9) 23.5 (6.0) 20.6 (6.3) 23.1 (6.4) 0.718 0.807

Female sex, n (%) 10 (66.7) 10 (66.7) 25 (67.6) 25 (67.6) 0.950 0.950

Caucasian race, n (%) 14 (93.3) 14 (93.3) 36 (97.3) 36 (97.3) 0.501 0.501

Smoking 0.796 0.979

Nonsmoker, n (%) 13 (86.7) 11 (73.3) 33 (89.2) 27 (73.0)

Smoker, n (%) 2 (13.3) 4 (26.7) 4 (10.8) 10 (27.0)

Educational level 0.045 0.030

Basic, n (%) 6 (40.0) 4 (26.7) 6 (16.0) 2 (5.4)

Non-university higher, n (%) 0 (0.0) 11 (73.3) 0 (0.0) 35 (94.6)

Higher and university, n (%) 9 (60.0) 0 (0.0) 31 (84.0) 0 (0.0)

Comorbid conditions

AHT, n (%) 0 (0,0) 0 (0,0) 1 (2.7) 1 (2.7) 0.520 0.520

DM, n (%) 0 (0,0) 0 (0,0) 1 (2.7) 1 (2.7) 0.520 0.520

Dyslipidemia, n (%) 0 (0.0) 1 (6.9) 2 (5.4) 3 (8.1) 0.358 0.860

BMI (kg/m2), mean (SD) 22.9 (3.7) 25.9 (5.8) 22.0 (3.4) 22.9 (3.8) 0.429 0.032

Normal (18.5–24.9), n (%) 12 (80.0) 9 (60.0) 33 (89.2) 30 (81.1) 0.560 0.181

Overweight (≥25–<30), n (%) 2 (13.3) 2 (13.3) 3 (8.1) 4 (10.8) 0.560 0.181

Obesity (≥30), n (%) 1 (6.7) 4 (26.7) 1 (2.7) 3 (8.1) 0.560 0.181

Clinical-laboratory characteristics

Duration of JIA, months, median (IQR) 137.3
(73.8–211.7)

168.2
(104.6–239.6)

131.8
(77.0–170.1)

162.6
(100.7–196.9) 0.784 0.857

Diagnostic delay, months, median (IQR) 3.0 (2.9–3.4) 3.0 (2.9–3.4) 3.0 (2.0–3.0) 3.0 (2.0–3.0) 0.620 0.620

Type of JIA 0.233 0.233

Systemic, n (%) 0 (0.0) 0 (0.0) 3 (8.1) 3 (8.1)

Oligoarticular, n (%) 11 (73.3) 11 (73.3) 19 (51.4) 19 (51.4)

Polyarticular RF+, n (%) 1 (6.7) 1 (6.7) 0 (0.0) 0 (0.0)

Polyarticular RF−, n (%) 1 (6.7) 1 (6.7) 7 (18.9) 7 (18.9)

Psoriatic, n (%) 0 (0.0) 0 (0.0) 3 (8.1) 3 (8.1)

Arthritis-enthesitis, n (%) 2 (13.3) 2 (13.3) 5 (13.5) 5 (13.5)

Erosions, n (%) 2 (13.3) 2 (13.3) 6 (16.2) 7 (18.9) 0.794 0.630

RF >10 U/mL, n (%) 1 (6.7) 1 (6.7) 1 (2.7) 1 (2.7) 0.501 0.501

ACPA >20 U/mL, n (%) 1 (6.7) 1 (6.7) 1 (2.7) 1 (2.7) 0.501 0.501

HLA B27+, n (%) 3 (20.1) 3 (20.1) 6 (16.2) 6 (16.2) 0.412 0.412

ANA, n (%) 7 (46.1) 7 (46.1) 14 (37.8) 14 (37.8) 0.557 0.557

Uveitis, n (%) 1 (6.7) 1 (6.7) 8 (21.6) 9 (24.3) 0.197 0.143
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Table 3. Cont.

Variable Cognitive Decline
n = 15

No Cognitive Decline
n = 37

Cognitive vs. No
Cognitive Decline

p Value

Baseline End of
Follow-Up Baseline End of

Follow-Up Baseline End of
Follow-Up

JADAS27, median (IQR) 4.9 (2.9–10.0) 4.1 (2.9–9.5) 4.0 (2.9–10.4) 4.0 (2.9–8.9) 0.430 0.426

Average JADAS27, median (IQR) - 5.6 (2.8–10.0) - 3.8 (2.6–5.5) - 0.048

HAQ, median (IQR) 0.0 (0.0–0.2) 0.0 (0.0–0.7) 0.0 (0.0–0.0) 0.0 (0.0–0.09 0.592 0.581

Average HAQ, median (IQR) - 0.1 (0.0–0.2) 0.0 (0.0–0.1) 0.130

CRP (mg/dL), median (IQR) 3.0 (2.9–5.0) 3.5 (2.9–9.5) 2.9 (2.0–2.9) 2.9 (2.9–4.0) 0.048 0.021

Average CRP (mg/dL), median (IQR) - 6.5 (3.4–10.2) - 3.1 (2.9–4.0) - 0.002

Treatment

csDMARD, n (%) 7 (13.3) 5 (33.3) 16 (43.2) 17 (45.9) 0.670 0.404

bDMARD, n (%) 5 (33.3) 5 (33.3) 23 (62.2) 26 (70.3) 0.046 0.016

Corticosteroids, n (%) 2 (13.3) 1 (6.7) 8 (21.6) 5 (13.5) 0.492 0.352

Dose of corticosteroids (grams), median
(IQR) 5.0 (0.0–7.5) 5.0 (0.0–7.5) 5.0 (0.0–7.5) 5.0 (0.0–5.0) 0.980 0.548

BDI, n, mean (SD) 6.4 (4.4) 8.5 (4.9) 4.7 (3.6) 5.5 (4.0) 0.175 0.027

Depression by BDI, n (%) 0.179 0.001

Normal (0–13) 11 (73.3) 6 (40.0) 33 (89.2) 33 (89.2)

Mild (14–19) 3 (20.0) 5 (33.3) 1 (2.7) 3 (8.1)

Moderate (20–28) 1 (6.7) 3 (20.1) 2 (5.4) 1 (2.7)

Severe (≥29) 0 (0.0) 1 (6.7) 1 (2.7) 0 (0.0)

Abbreviations: JIA: juvenile idiopathic arthritis; SD: standard deviation; IQR: interquartile range; AHT: arterial
hypertension; DM: diabetes mellitus; BMI: body mass index; ACPA: anticitrullinated peptide antibody; HLA:
human leukocyte antigen; ANA: antinuclear antibody; JADAS: Juvenile Arthritis Disease Activity score; CRP:
C-reactive protein; HAQ: Health Assessment Questionnaire; csDMARD: conventional synthetic disease-modifying
antirheumatic drug; bDMARD: biological DMARD.

At the end follow-up, (V24) were found to have significant differences in educational
level (p = 0.030), with more patients educated to secondary and university level among
those who did not experience cognitive decline than among those who did. Furthermore,
compared to the other patients, those with cognitive decline had a higher median (IQR)
BMI (p = 0.032), a higher average CRP (p = 0.002), and a higher average JADAS27 (p = 0.048);
fewer of these patients were receiving biologics (p = 0.016). Depression was more frequent
in patients with cognitive decline (p = 0.001) and BDI scores were higher (p = 0.027).

In patients with cognitive decline compared with the other patients, the median (IQR)
of corticosteroids (grams) did not show significant differences with the baseline values (5.0
[0.0–7.5] vs. 5.0 [0.0–7.5]; p = 0.980), or at the end of follow-up (5.0 [0.0–7.5] vs. 5.0 [0.0–5.0];
p = 0.548).

3.4. Multivariate Analysis

Table 4 shows the results of the multivariate logistic regression analysis in 52 patients
with JIA (DV: cognitive decline). The event cognitive decline was recorded in 15/52 patients.
During follow-up, cognitive decline was independently associated with more pronounced
inflammatory activity (in terms of C-reactive protein) and with depression (as assessed
using the BDI). Cognitive decline was less likely in patients receiving biologics. The results
were similar in other multivariate regression model excluding seven patients with treatment
change during follow-up (Supplementary Table S2).
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Table 4. Univariate and multivariate logistic regression of the characteristics of JIA associated with
cognitive decline.

Variable Univariate HR
(95% CI)

Multivariate HR
(95% CI) p Value

Age, years 0.808 (0.921–1.112)
Female sex 0.960 (0.268–3.436)

Educational level * 0.157 (0.025–0.977)
Body mass index (kg/m2) 1.152 (1.004–1.323)

Average C-reactive protein (mg/dL) 1.392 (1.089–1.779) 1.377 (1.060–1.921) 0.039
Treatment with biologics 0.212 (0.059–0.764) 0.188 (0.039–0.998) 0.046
Depression by BDI ≥ 14 3.338 (1.357–8.213) 3.691 (1.294–10.534) 0.015

* Educational level: higher or university vs. basic. Nagelkerke R2 = 0.45. The variables included in the equation
were age, sex, educational level, body mass index, C-reactive protein, treatment with biologics, depression by
BDI ≥ 14.

4. Discussion

We performed a prospective evaluation of cognitive function in 52 adults with JIA
after 24 months of follow-up. Our objectives were to determine whether cognitive function
declines over time and to identify the factors involved. We defined cognitive decline as a
worsening of ≥2 scale points in the subtests administered to evaluate the various cognitive
areas on the WAIS-III [24]. Consistent with this approach, we found that 28% of patients
with JIA had cognitive decline after 24 months of follow-up. At the time of writing, we have
found no studies that prospectively evaluated cognitive decline in patients with JIA. In RA,
most studies have evaluated the prevalence of cognitive impairment in a cross-sectional
manner, with findings ranging from 31% to 71% [9]. Similarly, other studies that have
analyzed prospective RA cohorts over 5–20 years of follow-up report cognitive impairment
in 24% to 70% of patients [6,32]. These differences are mainly due to the tools used to
evaluate cognition. In addition, we must remember that in patients with inflammatory
arthritis and a mean age >50 years, other factors, such as cerebrovascular or degenerative
disease may play a role. In our study, on the other hand, these factors had little or no effect,
since the patients were adults with JIA aged <50 years.

Recent studies have revealed a greater risk of cognitive impairment in rheumatic
diseases, with chronic systemic inflammation considered to be the trigger [33,34]. In this
sense, the present study shows that average inflammatory activity measured using C-
reactive protein throughout follow-up was associated with cognitive decline in patients
with JIA. This association has not been evaluated to date in JIA, although the studies on
RA by Wallin et al. [32], Katchamart et al. [6], and Lee et al. [35] revealed a significant
association between cognitive impairment and inflammatory activity measured using C-
reactive protein. The increase in levels of inflammatory cytokines and proteins such as
C-reactive protein, TNF alfa, and IL-6 has a negative effect on cognitive function in RA [7].
These markers have also been reported to be elevated in JIA and, as such, could explain
the morbidity observed [36]. Based on our evaluation of various inflammatory parameters,
we found a stronger association between cognitive decline and C-reactive protein than
with clinical activity indexes such as JADAS27. The activity index JADAS27 is the most
used in JIA [25,37]. Shin et al. [15] also report that acute phase reactants, such as C-reactive
protein, could prove more accurate when establishing the association between cognitive
impairment and inflammation, since clinical activity indexes are affected by subjective
parameters. As for the domains and functions evaluated in our study, the most effective
cognitive domains were working memory and attention, which belong to the executive
functions. Impairment in these domains is associated with dysfunction of the prefrontal
cortex and alterations in the fronto-parieto-temporal circuit [6]. Katchamart et al. [6] and
Lee et al. [35] also reported an association between impairment of executive function and
inflammatory activity in RA.

Similarly noteworthy was that fact that patients with JIA receiving biologics were less
likely to have cognitive decline. While this association had not been previously assessed in
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JIA, Chou et al. [38] showed that patients with RA treated with anti-TNF agents (infliximab,
etanercept, and adalimumab) had a lower risk of cognitive impairment. However, no
association was observed between the use of csDMARDs and cognitive impairment in
these patients. In fact, one study showed that the anti-inflammatory effect of anti-TNF
agents on cognition could arise before the effects on joint inflammation [39]. Rech et al. [39]
studied patients with RA who started treatment with anti-TNF agents. Using functional
magnetic resonance imaging, the authors found that cerebral activation diminished during
the first 3 days of treatment, whereas joint inflammation was less common from day 28
onward. Therefore, the effect of biologics on cognitive impairment could be a direct central
effect and may occur before treatment of joint involvement [40].

We also found that depression was associated with cognitive decline in patients with
JIA. Other studies report a possible association between cognitive impairment and depres-
sion in RA [41]. Problems affecting concentration and executive functions may be caused
by a depressive state, and this could lead to cognitive impairment [9]. Furthermore, in
patients with inflammatory arthritis and autoimmune diseases, the frequency of depression
has been reported to be increased [4,42–44], possibly as a result of various mechanisms,
such as high levels of inflammatory mediators that negatively affect monoaminergic neu-
ral transmission, maintenance of synaptic plasticity, and physical inability to carry out
activities of daily living owing to pain and inflammation [4]. In patients with JIA, fatigue
and sleep problems are common [45]. Along similar lines, a recent systematic review [46]
revealed a prevalence of anxiety and depression of 7–64% in adults with JIA, finding that
this considerably affected quality of life [47]. Of note, 11 patients (21%) in our study had
depression. This percentage was significantly higher at the end of follow-up than at V0
(2019). While this finding can be explained by the factors mentioned above, the SARS-CoV-2
pandemic must have played an important role during follow-up. In fact, some studies
show that the SARS-CoV-2 pandemic has had a clear impact on the mental health of and
psychosocial factors affecting patients with inflammatory arthritis [46,48]. This could also
partly explain why there were more smokers, more obese patients, and more patients
educated to university level at V0 than at V24. In addition, the most populated age group
in our study was that of adolescents.

Our study is subject to a series of limitations. First, we have not included a control
group, so we have not been able to evaluate variability scores between JIA patients and
the general population and the use of direct (raw) scores for the evaluation of cognitive
decline. However, we have been able to describe our main objective of observing cognitive
changes in the group of patients with JIA and associated factors. Albeit there were no
significant changes in overall cognitive function of the sample, we found an individual
cognitive decline in several patients that was significantly associated with several variables.
To avoid variance bias in psychometric testing (aging, external factors in the moment of
test application, etc.), we used a scaled score (adjusted by age) and considered decline
when the variation is of 2 or more points and not in a single scaled score. Also, the clinical
and treatment between V0 and V24 clearly can affect the neurological response; for this,
we calculated the average inflammatory activity throughout the follow-up period using
the mean JADAS27 and C-reactive protein values (mg/dL), and only seven patients (13%)
changed treatment during follow-up. As we were unable to compare our results with those
of similar studies, we made the comparison using data for other types of chronic arthritis,
such as RA. Nevertheless, our study is the first to evaluate prospectively cognitive function
in adults with JIA and these data are interesting to consider future clinical trials of biological
drugs evaluating cognitive function in these patients. A very long-term follow-up would
be recommended to determine if these patients present a higher risk for mild cognitive
impairment or dementia. Additionally, it would be interesting if patients with cognitive
decline improve in the follow-up and are related to improvement in RPC values or the
use of anti-TNF. We must also remember that the SARS-CoV-2 pandemic may have led to
greater impairment of patients’ mood, although we identified other variables that were
independently associated with cognitive decline in affected patients.
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5. Conclusions

In conclusion, almost one third of adult patients with JIA had cognitive decline after
24 months of follow-up. Executive functions seem to be more affected in this population.
In adults with JIA, cognitive decline was directly associated with average inflammatory
activity measured based on C-reactive protein and with depression. Decline was less
frequent in patients receiving biologics. Our findings highlight that management of joint
involvement should be accompanied by management of inflammatory activity and mental
health. Given that inflammation may initiate and maintain cognitive decline in patients
with JIA, cognitive functioning should be also assessed in these patients. Future studies
should be performed to determine the mechanism of how inflammation affects cognition
in young patients with JIA.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/biomedicines10071729/s1, Figure S1: Patient flowchart; Figure S2: Scaled
Scores; Table S1: Characteristics of patients with JIA and cognitive decline; Table S2: Univariate and
multivariate logistic regression of the characteristics of JIA associated with cognitive decline excluding
7 patients with treatment change.
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