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The Montreal Cognitive Assessment Test
A Useful Tool in Screening of Cognitive Impairment in Patients

With Systemic Lupus Erythematosus
Nicolas Paez-Venegas, MD,* Bethel Jordan-Estrada, MD,* Efrain Chavarria-Avila, PhD,‡
Felipe Perez-Vazquez, MD, MSc,† Eduardo Gómez-Bañuelos, MD, PhD,# Rafael Medina-Dávalos, MD,*

José-Ángel Ontiveros-González, MD,* Gustavo-Ignacio Diaz-Rubio, MSc,†
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Background/Objective: Systemic lupus erythematosus (SLE) is an in-
flammatory, chronic, and multisystemic disease, which may be associated
with a wide range of neuropsychiatric manifestations, including cognitive
impairment. Cognitive evaluations based on screening tests might identify
early SLE-related cognitive alterations. The aim of this study was to evalu-
ate and to compare the efficacy of three screening tests (Montreal Cognitive
Assessment [MoCA], Mini Mental State Examination [MMSE], Cognitive
Symptom Inventory [CSI]) against the gold standard (neuropsychological
battery), in order to identify the most efficient screening test for cognitive
impairment in patients with SLE.
Methods: This observational cross-sectional study recruited 44 patients,
from August to December 2017, who were diagnosed with SLE according
to the Systemic Lupus International Collaborating Clinics (SLICC)Criteria
2012, and had no medical or psychiatric comorbidities. The patients were
evaluated using theMoCA,MMSE, CSI, and the gold standard. Spearman’s
correlation and area under the curve analysis were performed; p < 0.05 was
considered significant.
Results: The MoCA test showed the highest correspondence with the
gold standard (AUC = 99.4%, p < 0.001), sensitivity (84%), and specificity
(100%). This was followed by the MMSE (AUC = 92.6%, p < 0.001;
From the *Instituto Jalisciense de Salud Mental (SALME), Secretaría de Salud
Jalisco. Av. Zoquipan 1130, CP 44210, Zapopan, Jalisco, México;
†Universidad de Guadalajara, Centro Universitario de Ciencias de la Salud,
Instituto de Investigación enReumatologíay del SistemaMúsculo Esquelético
(IIRSME), Sierra Mojada 950, Edificio P planta baja, 44340, Guadalajara,
Jalisco, México; ‡Universidad de Guadalajara, Centro Universitario de
Ciencias de la Salud, Departamento de Disciplinas Filosófico, Metodológico
e Instrumentales, Sierra Mojada 950, 44340, Guadalajara, Jalisco, México;
and #Hospital Civil Dr. Juan I, Menchaca, División de Medicina Interna,
Servicio de Reumatología PNPC 004086, CONACyT, Salvador Quevedo y
Zubieta SN, 44340, Guadalajara, Jalisco, México.

None of the authors have any conflicts of interest to declare.
Conflict of interest and ethical and legal aspects: There is no conflict of interest

in the application of the tests carried out on the study group that
compromised the results on the part of the researchers or the
study participants.

This investigation did not imply risks for the health of the patients since no
intervention or invasive procedures were applied; only scales of
measurement were applied to assess their cognitive function, for which
informed consent was requested from the patients prior to commencement,
as well as that of two witnesses other than the researcher, strictly following
the guidelines of the Helsinki Declaration.

Correspondence: Mónica Vázquez-Del Mercado, MD, PhD, Sierra Mojada
#950, Colonia Independencia Oriente, Guadalajara, Jalisco, Mexico,
Zip Code 44340. E‐mail: dravme@hotmail.com.

Copyright © 2018 The Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative
CommonsAttribution-NonCommercial -No Derivatives License 4.0 (CCBY-
NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any
way or used commercially without permission from the journal.

ISSN: 1076-1608
DOI: 10.1097/RHU.0000000000000876

JCR: Journal of Clinical Rheumatology • Volume 25, Number 8, Decemb
sensitivity, 54.8%; specificity, 100%) and the CSI (AUC = 30.6%,
p < 0.05; sensitivity, 54.8%; specificity, 30.76%).
Conclusion: The MoCA is a brief, easily applied screening test that is
highly effective for detecting cognitive impairment in SLE patients. It
could be useful in clinical follow-up as a tool for early detection of
cognitive alterations.
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S ystemic lupus erythematosus (SLE) is an inflammatory,
chronic, andmultisystemic disease, with up to 60% of patients

showing neuropsychiatric manifestations.1–5 Neuropsychiatric
involvement could affect the patients’ quality of life negatively,
resulting in poor cognitive development, disability, and death.1,2,5

In the 19 neuropsychiatric syndromes described by the
American College of Rheumatology (ACR) in 1999,6,7 one of the
most frequent is cognitive impairment (present in up to 65% of
SLE patients8), which can be associated with alterations in simple
or complex attention, memory, visual–spatial processing, language,
reasoning and problem solving, psychomotor speed, and executive
functions.9–11 This could affect the self-concept of patients as well
as their ability to communicate.5

Hence, there is a need to assess cognitive impairment appro-
priately. The neuropsychological battery (gold standard) is time-
consuming to implement.7,10,12 Consequently, we considered it
necessary to evaluate the use of other screening tools in compari-
son with the neuropsychological battery. The aim of our studywas
therefore to evaluate and compare the efficacy of three screening
tests for cognitive impairment (the Mini Mental State Examination
[MMSE],13,14 the Montreal Cognitive Assessment [MoCA],15,16

and the Cognitive Symptom Inventory [CSI]17) against the gold
standard7,12 to identify the most efficient screening test, in pa-
tients with SLE.

MATERIALS AND METHODS
In this observational cross-sectional study, we recruited SLE

patients who attended the outpatient rheumatology clinic of the
Hospital Civil Juan I, Menchaca, Guadalajara, from August to
December 2017. All patients were able to read and write Spanish
fluently, with a minimum of 6 years of elementary school, and
were legally capable of giving informed consent. The study was
approved by the relevant institutional review board (002017-188).

We excluded patients who had cerebral vascular disease,
hypertension, dyslipidemia, diabetes, thyroid pathology, a history of
head trauma with loss of alertness or established neurological dam-
age, drug abuse or dependence, or underlying psychiatric illness, as
evaluated by a complete medical examination and a semi-structured
er 2019 www.jclinrheum.com 325
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TABLE 1. Clinical and Demographic Characteristics in
Lupus Patients

Variable Value

Age (years) 34.1 ± 10.4
Male/female (n) 7/37
Single/married (n) 16/28
Education (years) 11.8 ± 3.9
Disease duration (years) 9.5 ± 4.9
Pharmacological treatment
Azathioprine (n, %) 14 (15.9)
Chloroquine (n, %) 10 (11.3)
Prednisone (n, %) 9 (11.3)
Mycophenolate (n, %) 7 (9.09)
Methotrexate (n, %) 4 (9.09)
Diltiazem (n, %) 3 (6.8)
Enalapril (n, %) 3 (6.8)
Losartan (n, %) 1 (2.3)
Rituximab (n, %) 1 (2.3)
SLEDAI (x � SD.) 6.5 ± 4.6

SLEDAI indicates Systemic Lupus Erythematosus Disease Activity Index;
n, number of subjects; %, percentage; SD, standard deviation; x: mean.
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psychiatric interview (MINI Plus 7.0). A complete medical exam-
ination was performed and subsequently the neuropsychological
battery was applied, followed by the MoCA, MMSE (validated
in Spanish language18,19), and the CSI (translated into Spanish
by the LUMINA group17,20).

The MoCA test evaluates attention, concentration, executive
functions, memory, language, visuospatial cognitive capacity, ab-
straction, calculation, and orientation. A score ≤25 is considered
positive for cognitive impairment.

The MMSE measures cognitive impairment in people with
dementia or delirium. It evaluates orientation, learning-evocation,
attention, language, and visual-spatial construction. The result of
this test is given as follows: no deterioration (30–26 points), doubt-
ful or possible deterioration (25 points), mild to moderate dementia
(24–10), moderate to severe dementia (9–6), and severe dementia
(<6 points).

The CSI comprises 21 questions that aim to determine the
ability of the person to perform certain cognitive tasks during ac-
tivities of daily living. Each of the questions is scored on a scale of
0 to 4, and thus the maximum score is 84 points. A higher score
indicates more severe cognitive impairment.

The neuropsychological battery we used comprised the
following: the Matrix Wechsler Adult Intelligence Scale-Fourth
Edition (WAIS-IV) test, Vocabulary WAIS-IV test, Analogies
WAIS-IV test, Rey–Osterrieth complex figure test, Test deAprendizaje
Verbal España-Complutense (TAVEC), Semantic and phonemic
fluency tests, D2 test, Stroop test, Trail Making test A and B,
PacedAuditory Serial Addition test (PASAT), Digit-Symbol coding
WAIS-IV test, letter–number sequencing WAIS-IV test, and Finger
Tapping test. Using this battery, we evaluated visual, verbal,
and abstract reasoning, visual and verbal memory, language, at-
tention (selective, divided, and sustained), processing speed, and
motor control.

Statistical Analyses
Results are given as mean ± standard deviation (SD) or per-

centages, as appropriate. The results of the screening instruments
and of the neuropsychological battery were compared byχ2 tests.
To calculate the sensitivity and specificity of each screening instru-
ment, the area under the curve (AUC)was determined. Spearman’s
correlation coefficient was employed to evaluate the relationship
between all the applied instruments. For all statistical analyses,
SPSS v.24 (IBM®) software was used and a p-value less than
0.05 was considered statistically significant.

RESULTS
The clinical and demographic characteristics of the 44 SLE

patients are shown in Table 1.
Using the gold standard, we identified cognitive impairment

in at least one domain in 31 patients (70.4%). The most frequently
affected cognitive domain was processing speed (evaluated with
the PASAT), with 23 affected patients (52.3%), including 4 men
(9.1%) and 19 women (43.18%). The least frequently affected do-
main was motor control (evaluated with the Finger Tapping test),
with only 1 patient affected (2.27%) (Table 2).

The CSI classified 26 patients (59.1%) with cognitive im-
pairment, with a minimum score of 26, maximum score of 30,
and an average score of 37.1 ± 1.2 (SD). This instrument showed
a sensitivity of 54.8% and a specificity of 30.76% for identifying
cognitive impairment in SLE patients.

On the other hand, from 17MMSE detected patients (38.6%
of SLE group) with cognitive impairment showed 24 ± 1 average
score, being 22 minimum and 25 as maximum score. This instru-
ment has presented a 54.8% sensitivity and a 100% specificity.
326 www.jclinrheum.com
Moreover, from 26MoCAcognitive impairment detected pa-
tients (59.1% of SLE group) a score of 21.5 ± 1.7 was observed,
with 19 as minimum and 24 as maximum score. A 84% sensitivity
and a 100% specificity were obtained with this instrument.

Of the three screening tools, the MoCA presented the stron-
gest correlation with the gold standard (AUC = 99.4%, rs = 0.786,
p < 0.001), followed by theMMSE, which showed a moderate cor-
relation (AUC = 92.6%, rs = 0.505, p < 0.001). Of the three screen-
ing tests, the CSI showed the least significant correlation with the
gold standard (AUC = 30.6%; rs = 0.310, p < 0.05, Table 3).

No correlation was observed between age and the screening
test scores, or the number of affected domains as evaluated by the
gold standard. On the other hand, disease duration correlated pos-
itively with affected domains (rs = 0.319, p = 0.009), and nega-
tively with the MMSE (rs = −0.336, p = 0.026) and MoCA
(rs = −0.356, p = 0.018) scores. No correlation was found between
the SLE disease activity index and any of the instruments em-
ployed, including the gold standard neuropsychological battery.
DISCUSSION
In our study, the MoCA test was the screening instrument

that identifie the largest number of patients with cognitive impair-
ment, followed by the MMSE and CSI, similar to the findings of
previous reports.10,21–23 In addition, the three instruments corre-
lated with the gold standard neuropsychological battery findings,
in the same order (MoCA > MMSE > CSI), providing concurrent
validity. Our study is robust, as the application of all three screen-
ing tools for assessing cognitive impairment as compared to the
gold standard has not been reported previously.

Nantes et al. conducted a study in 98 patients with SLE, in
which theMoCA andMMSEwere compared against the Hopkins
Verbal Learning Test-Revised.10 The MoCA test showed the
highest sensitivity, while the MMSE presented highest specificity.
In our study, the highest sensitivity and specificity were obtained
with the MoCA test. Such differences might be due to our use of
the gold standard recommended by the cognitive subcommittee of
the ACR.7,10
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Number of Affected Patients for Each Cognitive Domain, Obtained Through the Neuropsychological Evaluation

Cognitive Domain N % Tool

Visual reasoning 11 25 Matrix WAIS-IV
Verbal reasoning 17 38.6 Vocabulary WAIS-IV
Abstract Reasoning 20 45.4 Analogies WAIS-IV
Visual memory 10 22.7 Complex figure of Rey–Osterrieth
Verbal memory 11 25 TAVEC
Language 6 13.6 Verbal and phonological fluency
Selective attention 19 43.1 D2
Inhibitory control and sustained attention 3 6.8 Stroop Test
Attention divided (visual task) 2 4.5 Trail Making Test A and B
Processing speed (auditory task) 22 52.3 PASAT
Processing speed (visual task) 12 27.3 Test Digit-Symbol WAIS-IV
Attention divided (auditory task) 18 40.9 Succession of numbers and letters
Motor skill 1 2.27 Finger tapping
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Hanly et al. compared the results of the Hamilton scales for
anxiety and depression, the CSI, and a neuropsychological battery.
They found that the CSI items were more strongly related to the
anxious and affective symptoms, than with cognitive deteriora-
tion.22 In a study carried out by D’Amico et al. in 86 Argentinean
SLE patients, in which the CSI and a neuropsychological battery
were applied, the authors reported poor validity of the CSI,24 in
agreement with our results.

The MoCA test proved to be highly useful for the detection
of cognitive impairment in patients with SLE. This test is a brief,
simple, sensitive, and specific test, that does not require special
training or additional economic cost. In the context of clinical
follow-up, the MoCA can be used without excessively compromis-
ing consultation time, and may facilitate referral of patients with
cognitive impairment to a formal neuropsychological evaluation;
this would enable early diagnosis and timely treatment.

Whenwe analyzed the cognitive domains from the neuropsy-
chological battery, we found that processing speed (auditory task)
was the most severely affected in SLE patients. In this context, two
factors are important: the SLE per se and the concurrent therapy.
Cognitive deterioration is an accepted part of the neuropsychiatric
manifestations of SLE.7,8,17,25

One caveat of our study is that we did not include neuropsy-
chiatric SLE7 patients for this evaluation, and did not perform
functional magnetic brain resonance imaging or cerebrospinal
fluid auto-antibody detection.3,26 Nevertheless, we found a positive
correlation between disease duration and the affected domains as
evaluated by implementing the gold standard.

It would be interesting to investigate the influence of pharma-
cological treatment and cognitive impairment in SLE in future. The
TABLE 3. Correlations Between the Instruments Used to Assess
Cognitive Impairment

Tool CSI MMSE MoCA

Neuropsychological Battery r = 0.310 r = 0.678 r = 0.786
p < 0.05 p < 0.001 p < 0.001

CSI r = 0.505 r = 0.397
p < 0.001 p < 0.01

MMSE r = 0.886
p < 0.001

CSI indicates Cognitive Symptom Inventory; MMSE, Mini Mental
State Examination; MoCA, Montreal Cognitive Assessment.

© 2018 Wolters Kluwer Health, Inc. All rights reserved.
main candidates is glucocorticoid therapy, which has an impact on
cognitive impairment.8,27 Nonetheless, this was not the aim of our
study. Unlike other previous studies, our study explored the relation-
ship between formal neuropsychological assessments, performed
with a battery similar to that recommended by the ACR, and three
different screening tests for cognitive impairment in people with
SLE. In the context of a clinical follow-up, knowing this may assist
in helping patients to avoid forgetting to take their medication, by
facilitating early diagnosis and treatment of cognitive impairment.

For future research, we suggest that the sample size should be
increased and that the temporal stability (test–retest) of the evalu-
ations should be determined. Additionally, pharmacological treat-
ment, which can have a negative impact on cognition in general,
should be considered.

CONCLUSION
The MoCA is a brief, simple, sensitive, and specific test, re-

quiring no special training or additional costs to implement, that
could be useful in a clinical context to facilitate the evaluation of
patients with SLE for cognitive impairment, enabling early diagno-
sis and treatment. Due to the high rate of cognitive impairment in
SLE patients, we therefore encourage rheumatologists to apply
theMoCA test as a valuable and easily implemented tool for detect-
ing cognitive impairment as part of an integrated approach in SLE.
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