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Cognitive performance in patients

with Myasthenia Gravis

An association with
glucocorticosteroid use and depression

Annelise Ayres' ™, Pablo Brea Winckler? ™, Lais Alves Jacinto- Scudeiro®™, Rafaela Soares Rech* ™,
Geraldo Pereira Jotz' ', Maira Rozenfeld Olchik*

ABSTRACT. We investigated the cognitive performance of patients with Myasthenia Gravis (MG) through a cross-sectional study.
A battery of cognitive assessments and self-report questionnaires regarding quality of life (QoL), sleep, and depression were
applied. The sample consisted of 39 patients diagnosed with MG. The scores showed a predominance of cognitive impairment
in the Montreal Cognitive Assessment screening test (MoCA) (66.7%) and in the immediate (59.0%) and recent memory (56.4%)
tests. However, after the Poisson regression analysis with robust variance, it was found that patients diagnosed with depression
had a prevalence ratio (PR) of 1,887 (Cl 1,166—3,054) for lower MoCA scores, PR=9,533 (Cl 1,600-56,788) for poorer
phonemic verbal fluency scores, and PR=12,426 (Cl 2,177-70,931) for the Semantic Verbal Fluency test. Moreover, concerning
a decline in short-term memory retention, patients using glucocorticosteroids (GC) and with Beck Depression Inventory scores
indicating depression showed PR=11,227 (CI 1,736—72,604) and PR=0.35 (Cl 0.13-0.904), respectively. No correlation was
found between the QoL questionnaire and performance in cognitive tests. We found worse performance in tasks of memory and
executive functions in MG patients. These are not associated with the length and severity of the disease. However, a significant
prevalence ratio was found for poorer memory performance in patients diagnosed with depression and in those using GC.
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DESEMPENHO COGNITIVO EM PACIENTES COM MIASTENIA GRAVIS: UMA ASSOCIAGAO COM 0 USO DE GLUCOCORTICOIDES E
DEPRESSAQ

RESUMO. Investigamos o desempenho cognitivo de pacientes com miastenia gravis (MG) por meio de um estudo transversal.
Aplicou-se uma bateria de avaliagdes cognitivas e questionarios de autopercepgao sobre qualidade de vida (QV), sono e depresséo.
A amostra foi composta por 39 pacientes com diagnéstico de MG. Os escores mostraram predominancia de comprometimento
cognitivo no teste de rastreio Montreal Cognitive Assessment (MoCA) (66,7%) e nas tarefas de memdria imediata (59,0%)
e recente (56,4%). Entretanto, apds a analise de regressao de Poisson com variancia robusta, verificou-se que os pacientes
diagnosticados com depressdo apresentaram uma razao de prevaléncia (RP)=1.887 (IC 1.166—3.054) para escores mais
baixos no MoCA, RP=9.533 (IC 1.600-56.788) nos testes de fluéncia verbal fonémica e RP=12.426 (IC 2.177-70.931) no
teste de fluéncia verbal semantica. Além disso, uma associagao entre pior desempenho nas tarefas de memoria de retengéo
de curto prazo nos pacientes em uso de glucocorticoides (GC) e com 0s escores do Beck Depression Inventory indicando
depressdo, com RP=11.227 (IC 1.736-72.604) e RP=0.35 (IC 0.13-0.904), respectivamente. Nao foi encontrada correlagéo
entre o questionario de QV e o desempenho em testes cognitivos. Sendo assim, conclui-se que foi observado pior desempenho
em tarefas de memoria e fungdes executivas em pacientes com MG. Estes ndo estdo associados ao tempo e a gravidade da
doenca. No entanto, uma taxa de prevaléncia significativa foi encontrada para pior desempenho da memoéria em pacientes
diagnosticados com depressdo e naqueles em uso de glucocorticoides.

Palavras-chaves: Miastenia Gravis, cognigéo, avaliagéo cognitiva, glucocorticoides, depressao.
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INTRODUCTION

Myasthenia Gravis (MG) is an autoimmune disease
caused by the destruction of nicotinic acetylcholine
receptors (nAChRs) at the motor end plates found in
striated muscles. Its incidence ranges from 1 to 9 cases
per million of the general population. The prevalence
rate of MG ranges from 15 to 179 cases per million of
the worldwide population. There are no data regarding
the national prevalence of the disease in the Brazilian
population.’?

Although it is a predominantly muscular disease,
cognitive impairment in patients with MG has been
discussed in the literature. Some studies found cognitive
decline in memory,*? attention, executive function-
ing,3'° verbal fluency,®® and planning tasks.5!* However,
there are other studies’™® that found no difference in
the cognitive performance of MG patients when com-
pared to healthy controls.

In a recent systematic review and meta-analysis,*®
the authors described four main explanations for the
cognitive deficits found among many MG patients:

« central pathogenic antibody effect (Abs)

against acetylcholine receptors (AChRs);

+ for some patients, a lack of certain protective
factors such as age, disease severity, and type of
treatment;

« mood disturbances;

+ the possible effect of nonspecific immunological
processes.

Therefore, while some studies have shown a ten-
dency toward cognitive decline in patients with MG,
conflicting results have also been published. Thus,
considering this lack of clarity in the literature and ab-
sence of studies in the Brazilian population, the aim of
this study was to investigate the cognitive performance
of patients with MG and its association with clinical
aspects and quality of life (QoL) in patients with MG.

METHODS

Study design

This was a cross-sectional, exploratory study.

Subjects

Patients were recruited from a neuromuscular diseases
outpatient clinic at a hospital in Porto Alegre, Brazil,
which is a reference in the treatment of patients diag-
nosed with MG in the state. Diagnosis of the disease was
confirmed by electromyography and/or by the presence
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of AChR/Musk/Striated Muscle antibodies. Patients
were evaluated outside of crisis episodes and on med-
ication, who had been stabilized for at least 6 months.
Patients with a history of other primary neurological
(e.g. transient ischemic attacks, cerebrovascular stroke
or epilepsy), psychiatric (e.g. major depression), previ-
ous serious head injury or any sensory or motor disor-
der that would preclude psychological testing (such as
blindness or deafness). We excluded

The collection period took place between February
2017 and December 2018. All subjects were informed
about our research objectives and signed an Informed
Consent form. This study was approved by the Central
Research Ethics Committee of the hospital, certificate
of approval number 120399.

Procedures

All patients were assessed individually in a room at the
hospital’s research center. All patients were evaluated
in the afternoon, between 12 and 4pm, and the last
dose of pyridostigmine was not registered. The duration
of a complete test per patient lasted an average of 40
minutes. This evaluation was always performed by the
same previously trained researcher. All instruments and
questionnaires used have been translated and validated
to suit the Brazilian population.

Measurements

Questionnaires

+  Sociodemographic questionnaire: a structured
questionnaire used to gather general patient
data, such as age, gender, education, length of
illness, age of diagnosis, initial symptoms, and
marital status;

« MG quality of life scale (MG-QOL 15): a self-re-
port questionnaire specifically designed to assess
the quality of life of patients with MG. It has 15
items, with scores ranging from O to 60 points.
The higher the score, the worse the patients’
perception of quality of life;'’

+ Beck Depression Inventory (BDI): a self-assess-
ment tool used to survey the intensity of depres-
sive symptoms.'® To determine each score, the
values proposed by Gorenstein and Andrade®
were used: less than 10 points — no depression
or minimal depression; 10 to 18 points — mild
to moderate depression; 19 to 29 points — mod-
erate to severe depression; 30 to 63 points — se-
vere depression;



+ Epworth Sleepiness Scale: an 8-item self-re-
port questionnaire which assesses the likelihood
of falling asleep in eight situations involving
daily activities. The overall score ranges from 0
to 24; scores above 10 suggest excessive daytime
sleepiness (EDS).%

Motor scales

+ The Quantitative Myasthenia Gravis Score
(QMGS): a clinical scale used as an outcome
measure for MG. It consists of 13 items, with
a maximum score of 39 points. The higher the
score, the more severe the disease;??

+ The Myasthenia Gravis Foundation of Ameri-
ca clinical classification (MGFA clinical classi-
fication): Patients are organized into 5 classes,
ranging from Class I —characterized by any
ocular muscle weakness, but no other muscle
strength issues — to Class V. This last category
defines patients who have undergone intuba-
tion, (with or without mechanical ventilation)
under circumstances that do not include
routine postoperative management. The data
obtained using the QMGS was used to classify
patients.?

Cognitive tests

«  Mini-Mental State Examination (MMSE): the
cutoff points for the Brazilian population for
formal education is 28 points for more than 8
years; 5 and 8 years: 26 points; 1 and 4 years: 25
points; and illiterate patients: 20 points;**

+ Montreal Cognitive Assessment (MoCA): The
cutoff point for the Brazilian population is 26
points, with an extra point for individuals with
12 years or less of formal education;*

+ Semantic Verbal Fluency (SVF): There are specific
normative values for Brazilian Portuguese speak-
ers: a score of 29 named animals for subjects with
up to 8 years of formal education and 213 named
animals for those with over 9 years of formal
education;?®

+ Phonemic verbal fluency (PVF): Normative
standard scores for the Brazilian population
are classified by age and stratified into different
periods of formal education;?’

+ ReyAuditory Verbal Learning Test (RAVLT): Nor-
mative standard scores for Brazilian Portuguese
speakers are classified by age (20-59 and over 60
years) and gender (female and male).?®
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Medication

The drugs used for the treatment of MG were gathered
from the patients’ clinical records and divided into
three classes:
« acetylcholinesterase inhibitors (AI): pyridostig-
mine;
+ immunomodulators: Azathioprine, methotrex-
ate, cyclophosphamide, mycophenolate;
+ glucocorticosteroids (CG): prednisone.

In addition, patients who were prescribed antide-
pressants and/or had reports of depression in their
medical records were quantified.

Statistical analysis

Statistical tests were selected according to the distri-
bution of data provided by the Shapiro- Wilk test and
histograms. Continuous variables were described using
the terms minimum, maximum, mean and standard devia-
tion. The scores found in the cognitive tests were described
as percentages of normal and impaired, according to the
cutoff points validated for the Brazilian population. Cat-
egorical variables were described by percentage and N.

Association analysis was performed between out-
come (cognitive results categorized as normal or im-
paired) and contextual variables (e.g. medications, other
associated diseases, clinical diagnosis of depression,
gender, marital status, BDI score and Epworth score )
using the Fisher’s exact test, except for the MG clinical
classification, for which the Pearson’s chi-square test
was used. Subsequently, with associations established
at p<0.2, the Poisson regression with robust variance
was used. The linearity of the quantitative variables
was analyzed and it was found that the assumption
of linearity was maintained. In addition, the presence
of multicollinearity was assessed using the variance
inflation factor (VIF) estimates, noting that the cutoff
points are good (close to 1), indicating that the variables
are not multicollinear. The statistical significance of the
odds ratio indices was assessed using the Wald test. The
model’s adjustment was assessed using the Hosmer
and Lemeshow test. Also, a Pearson correlation was
performed between cognitive test scores, contextual
variables, and questionnaires based on their gross val-
ues, except for the correlation between the MMSE and
MoCA tests. For these two, the Spearman’s correlation
test was applied. The cognitive scores of patients with
and without thymomas were compared, by means of
the Student’s t-test, to verify the possible influence
of thymomas on cognitive performance. The statistical
significance level adopted was p<0.05.
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RESULTS

Eighty-eight patients with MG were initially included,;
of these, 49 patients were excluded for the following
reasons: 39 did not come to the scheduled assessment
date, eight did not want to participate in the study, one
was hospitalized, and one was under 18 years of age. The
final sample of this study consisted of 39 subjects diag-
nosed with generalized MG. Sociodemographic data are
presented in Table 1.

Regarding the cognitive battery, there was a predom-
inance of impairments, (according to the cutoff points
specific for the Brazilian population) in the MoCA
screening test (66.7%) and in the subtasks of immediate
(59.0%) and recent memory (56.4%) in the RAVLT test.
Regarding the self-perception questionnaires, 23.1% of
patients presented scores which suggested EDS, based
on data from the Epworth questionnaire, and 41.02%
presented scores suggestive of depression, according to
the BDI (Table 1).

Table 1. Descriptive analysis of contextual variables and cognitive scores.

Regarding drug treatment, there was a predom-
inance of anticholinesterase inhibitor (92.3%) use,
followed by CG (59.0%). Most patients used more than
one type of medication (Table 1). The MGFA clinical
classification scores distributed a similar proportion of
patients among classes 1 (28.2%; n=11), 2 (33.3%; n=3),
and 3 (30.8%; n=12), whereas only a smaller number
of patients were assessed as class 4 (7.7%; n=3). Con-
cerning the BDI classification, it was possible to observe
48.7% (19) of subjects without scores of depression,
12.8% (5) with scores of mild to moderate depression,
20.5% (8) with moderate to severe depression, and 7.7%
(3) with severe depression.

Correlation analyses were performed between the
gross scores of the cognitive tests, clinical variables,
and questionnaire scores, as presented in Tables 2 and
3. Positive correlations were found between all cognitive
tests and level of education, showing that the higher
the education, the higher the test scores. Age correlat-

Minimum Maximum Mean s‘a'_‘de_"d Normal Impaired
deviation
Age 18 84 51.08 17,133 - -
Education 0 18 9.31 4,372 - -
Length of illness 1 38 13.92 9,696 - -
MMSE 16 30 26.05 3,203 56.4% (22) 43.6% (17)
MoCA 10 29 22.38 4,982 33.3% (13) 66.7% (26)
PVF 0 63 31.00 14,220 79.5% (31) 20.5% (8)
SVF 4 25 16.49 5,201 87.2% (34) 12.8% (5)
A1-A5 15 68 37.38 11,762 41.0% (16) 59.0% (23)
A6 0 15 6.77 4,055 56.4% (22) 43.6% (17)
A7 0 15 6.32 4,101 43.6% (17) 56.4% (22)
MG-QOL 0 46 16.36 15,276 - -
MGCS 0 34 11.22 8,619 - -
BDI 0 41 12.49 11,546 - -
Epworth 0 22 8.21 5,447 61.5% (24) 23.1% (9)
Medication Use No use
% (n) % (n)
Immunomodulators 51.3(20) 48.7 (19)
Acetylcholinesterase inhibitors 92.3 (36) 7.7(3)
Glucocorticosteroids 59.0 (23) 41.0 (16)
Antidepressants 38.5(19) 61.5 (24)
Yes No

] % (n) % (n)
Associated diseases 74.4 (29) 25.6 (10)
Depression® 17.9(7) 82.05 (32
Thymoma 51.2 (20) 43.5(17)

MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; PVF: Phonemic verbal fluency; SVF: semantic verbal fluency; A1-A5: immediate memory; A6: short term memory
retention; A7: recent memory; MG-QOL: Myasthenia Gravis - quality of life scale; MGCS: Myasthenia Gravis Composite Scale; BDI: Beck Depression Inventory; #according to medical record.
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ed only with the RAVLT test, demonstrating that the
younger the patient, the better the individuals’ perfor-
mance on memory tasks. Regarding quality of life, no
correlation was found between MG-QOL and cognitive
tests. On the other hand, a positive correlation was
established between MG-QOL and Myasthenia Gravis
Composite Scale (MGCS), showing that patients with a
poorer perception of quality of life also had more severe
motor impairments.

The motor scale (MGCS) only correlated with
the RAVLT subtask that evaluates short-term memory
(A6) (p=<0.001 and R=-0.663); thus, patients with less
motor impairment due to the disease performed better

Table 2. Correlations between clinical variables and cognition.
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on the memory test. In addition, when patients were
divided into with and without thymoma, no correlation
was found between thymoma and worse performance
in cognitive testes.

After the Poisson regression analysis with robust
variance, it was found that patients diagnosed with
depression had prevalence ratio (PR)=1,887 (CI 1,166-
3,054) for lower MoCA scores, as well as PR=9,533 (CI
1,600-56,788) for impairment on PVF tasks and PR=
12,426 (IC 2,177-70,931) for SVF tasks. Participants
who used GC and presented BDI scores indicating
depression showed PR=11,227 (CI 1.736-72.604) and
PR=0.351 (CI 0.13-0.904), respectively, representing

Cognitive Tests Age Education Length of illness
p-value r p-value r p-value r
MMSE 0.738 - <0.001 0.602 2 0.7282 -
MoCA 0.3802 - <0.001 0.6952 0.806 2 -
PVF 0.4552 - <0.001 0.6232 0.773? -
SVF 0.3362 - <0.001 0.628 2 0.3672 -
A1-A5 <0.001 - 0.591 0.001 0.508°2 0.7782 -
A6 <0.001 -0.663 2 0.097 2 - 0.502 2 -
A7 <0.001 -0.6432 0.014 0.3972 0.3242 -

MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; PVF: phonemic verbal fluency; SVF: semantic verbal fluency; A1-A5: immediate memory; A6: short term

retention memory; A7: recent memory; ' Spearman’s Correlation; 2Pearson Correlation

Table 3. Correlations between questionnaires and cognitive tests.

MG-QOL BDI Epworth

p-value r p-value r p-value r
Age 0.306 2 - 0.1572 - 0.3282 -
Education 0.3522 - 0.609 2 - 0.3132 -
Length of illness 0.1142 - 0.776 2 - 0.967 2 -
MMSE 0.1012 - 0.001 -0.5512 0.5822 -
MoCA 0.6282 - 0.155?2 - 0.6782 -
PVF 0.9952 - 0.2532 - 0.8222 -
SVF 0.609 2 - 0.1572 - 0.5712 -
A1-A5 0.796 2 - 0.2182 - 0.6752 -
A6 0.048 0.7772 0.6172 - 0.1622 -
A7 0.3332 0.7132 - 0.1112 -
MG-QOL - - 0.007 0.449° 0.4912 -
MGCS <0.001 0.775? 0.054 2 - 0.085?2 -
BDI 0.007 0.4492 - - 0.089 2 -
Epworth 0.4912 - 0.089 2 - - -

MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment ; PVF: phonemic verbal fluency; SVF: semantic verbal fluency; A1-A5: immediate memory; A6: short term
memory retention; A7: recent memory; BDI: Beck Depression Inventory; MG-QOL: Myasthenia Gravis - quality of life scale; MGCS: Myasthenia Gravis Composite Scale; 'Spearman’s

correlation; 2Pearson correlation.
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lower scores on the RAVLT subtask that assesses short-
term memory (A6). Therefore, there is a significant PR
for the presence of cognitive deficits in patients with
depression and who used GC. No association was ob-
served between the MGFA clinical classification scores
and cognitive tasks (Tables 4 and 5).

DISCUSSION

To the best of our knowledge, so far, this study has
been the first to investigate cognitive performance in
patients with MG in the Brazilian population. The re-
sults of this study showed worse performance in tasks
related to memory in patients with MG. Moreover,
this change was associated with depression and the
use of GC. These data corroborate the findings of the
systematic reviews by Mao et al.'® and Paul et al.,* in
which the authors point out that, although there are
several studies also pointing to a cognitive decline in
MG, they did not exclude the possibility that cognitive
function may have been affected by other aspects such
as sleep apnea, depression and Type 1 drug use. In their
review, Paul et al.* already mentioned the adverse effect
of high doses of drugs, such as prednisone, as well as
depression on the cognitive functioning of patients with
MG. In addition, our results show cognitive decline in
the same functions highlighted by other studies, such
as memory~'? and executive functions.®

There are few studies in the specialized literature that
analyzed the interference of MG medication, depression
and EDS on cognitive performance. Three studies®™
found a higher incidence of cognitive impairment in pa-
tients with depression or scores suggestive of depression

Table 4. Association between cognitive tests and contextual variables.

in self-perception questionnaires. Three other studies
describe an analysis of cognitive performance and the
use of MG medication. Bartel and Lotz* published a
paper on a possible association between medications
and cognitive impairment. In a linear regression analysis,
Marra et al.™ found that longer treatment time with CG
seemed to be correlated with better performance on at-
tentional tasks and long-term verbal memory, contrary to
the evidence in our sample. Interestingly, Jordan et al.’®
found no association at all between the use of acetylcho-
linesterase inhibitors and performance in cognitive tests.

Additionally, with our sample, we investigated
whether the presence of thymomas could influence
patients’ cognitive performance. Our data corroborated
other studies'** which found that they did not influence
cognitive performance.

Memory decline and glucocorticosteroid use

Regarding the association between impairments in
short-term memory retention and the use of GC, several
studies®*3* have been found on other clinical popula-
tions (e.g. patients with asthma, rheumatoid arthritis,
kidney transplants, and non-CNS systemic diseases),
in which participants showed significantly worse
performance in memory and attention tests when
compared to the control group. Also, research®3 on
healthy volunteers, with no history of systematically
prescribed corticosteroid therapy, noted a significant
reduction in performance in memory-related tasks after
first-time prednisone use.

Nevertheless, it bears stressing that, while there is
evidence of cognitive impairment after the use of GC

MMSE MoCA PVF SVF A1 - A5 A6 A7

Other diseases’ 0.721 0.056 * 0.086 * 1.00 0.264 0.464 0.062
Depression’ 0.300 * 0.073* 0.002 * 0.032 * 0.678 0.438 1,000
Antidepressants - - 0.037 - - - -

Immunomodulators? 1,000 0.741 0.695 0.661 0.748 0.341 0.743
Inhibitors? 0.243 0.253 1,000 1,000 0.557 1,000 0.562
Glucocorticosteroids! 0.325 1,000 0.109 * 0.631 0.509 0.001 * 0.047 *
Sex! 0.168 * 0.714 1,000 1.00 0.726 0.299 0.504
Marital Status’ 0.106 * 1,000 1,000 0.349 1,000 0.05* 0.342
BDI' classification 0.182* 1,000 0.207 0.312 0.727 0.041* 0.484
Epworth? classification 0.698 0.681 1,000 0.545 1,000 0.021 * 1,000
MG?2 classification 0.897 0.898 0.414~ 0.630 0.340 0.406 0.355

'Fisher’s exact test; 2Pearson’s chi-square test; *proven association; MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive Assessment; PVF: phonemic verbal fluency; SVF:
semantic verbal fluency; A1-A5: immediate memory; A6: short term memory retention; A7: recent memory.
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by MG patients, only two studies have investigated this
association. Even so, data were not conclusive. Addi-
tionally, they investigated only prednisone™ and AL™
The pathophysiology of the adverse effects of using
synthetic GC is still unclear.3%35%7

Therefore, the risk of memory impairment should be
considered before starting treatment with GC and in mon-
itoring patients with MG. Thus, with the other forms of
monitoring already routinely performed on MG patients
treated with GC, cognitive aspects should also be taken into
consideration — such as memory — in addition to psychi-
atric symptoms such as depression®! and the importance
of a proactive approach on the part of health professionals
who follow patients with MG, as these patients may not
have self-perception of cognitive changes. Therefore, they
should be investigated regardless of patients’ complaints.

Losses in cognitive function associated with depression

In our sample, there was a significant prevalence ratio
of depression in participants who showed cognitive im-
pairment on screening tests, where verbal fluency and
memory are concerned. These results corroborate the
data in the literature that patients with depression pres-
ent cognitive decline, regardless of severity (i.e. whether
mildly or severely depressed). Studies have shown poorer
performance in: memory tests (on tasks such as coding,
retrieval, recall, and recognition),*”*! sustained and/or se-
lective attention, psychomotor deceleration (such as reac-
tion time, information, writing, and drawing tasks),?#3%42
verbal fluency,?"?%4%43 and executive function 394142

The causes of these deficits can be explained by
three different theories: 1) the stress hypothesis,
which proposes that performance in stress tasks is dis-
proportionately impaired in depressed patients when
compared to their performance in automatic ones; 2)
the cognitive velocity hypothesis, which states that de-
pression is characterized by cognitive slowness and that
this deceleration may be at the root of other cognitive
impairments, and 3) the hypothesis of impairment of
executive control functions which, in turn, is underlying
to the hypothesis of effort.** The present study fortifies
theories 1 and 2 of these authors.**

Limitations of the study

The cross-sectional and exploratory design of the study
presented limitations, since it did not allow for analysis
of the causal factors of the cognitive decline found in
the sample. Thus, we identified a need for longitudinal
studies that could explain whether cognitive impair-
ment is due to the pathophysiology of the disease or
associated with other clinical aspects.

Another limitation of the study is that it was carried
out at a reference public hospital in the treatment of MG
patients. This may have led more severe patients to our
recruitment universe, as they require more specialized
care. As such, the representative power of the sample
may have been reduced. Moreover, we cannot analyze
the correlation between antibodies and cognitive per-
formance, as the test was not available in the public
health system

In addition, considering the known differences
related to education and socioeconomic levels of other
populations, the scarcity of studies on the Brazilian
population with MG did not allow for a comparison
between the scores found in this sample.

In this sample, participants with MG presented
worse performance in tasks of executive function and
immediate and recent memory. These are not associated
with the time and severity of the disease. However, a sig-
nificant prevalence ratio was found for poorer memory
performance in patients diagnosed with depression and
in those using GC. Regarding QoL, only the motor scale
showed a positive correlation, suggesting that patients
with a poorer perception of quality of life also suffered
from more severe motor restrictions.

Authors’ contributions. AA: conception and study design;
data acquisition; data analysis and interpretation; writ-
ing of the article. PBW: conception and study design;
data acquisition; final approval of the version to be
submitted. LAJS: conception and study design; data
acquisition. RSR: analysis and interpretation of data;
writing of the article. GPJ: conception and study design;
final approval of the version to be submitted. MRO:
conception and study design; data analysis and inter-
pretation; final approval of the version to be submitted.

REFERENCES

1. Paul RH, Cohen RA, Zawacki T, Gilchrist JM, Aloia MS. What have we
learned about cognition in myasthenia gravis?: a review of methods and re-
sults. Neurosci Biobehav Rev. 2001;25(1):75-81. https://doi.org/10.1016/
s0149-7634(00)00052-x

2. CostaHC. Miastenia Gravis: aspectos epidemioldgicos e evidéncias sanitarias
no Brasil, no periodo de 2009 a 2013. 32f. 2016. Trabalho de Conclusao
(Gestao em Saude Coletiva) — Faculdade de Ciéncias da Saude, Brasilia, 2016.

322  Cognitive performance in Myasthenia Gravis Ayres et al.

3. Tucker DM, Roeltgen DP, Wann PD, Wertheimer Rl. Memory dys-
function in myasthenia gravis: evidence for central cholinergic
effects. Neurology. 1988;38(8):1173-7. https://doi.org/10.1212/
wnl.38.8.1173

4. Kaltsatou A, Fotiou D, Tsiptsios D, Orologas A. Cognitive impairment as
a central cholinergic deficit in patients with Myasthenia Gravis. BBA Clin.
2015;3:299-303. https://doi.org/10.1016/j.bbacli.2015.04.003


https://doi.org/10.1016/s0149-7634(00)00052-x
https://doi.org/10.1016/s0149-7634(00)00052-x
https://doi.org/10.1212/wnl.38.8.1173
https://doi.org/10.1212/wnl.38.8.1173
https://doi.org/10.1016/j.bbacli.2015.04.003

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

lwasaki Y, Kinoshita M, Ikeda K, Shiojima T, Kurihara T. Neuropsychological
function before and after plasma exchange in myasthenia gravis. J Neurol
Sci. 1993;114(2):223-6. https://doi.org/10.1016/0022-510x(93)90302-f
Hamed SA, Youssef AH, Mohamad A, ElHameed A, Mohamed MF,
Elattar AM. Assessment of cognitive function in patients with myas-
thenia gravis. Neuroimmunol Neuroinflamm. 2014;1:141-6. https://doi.
org/10.4103/2347-8659.143671

Stepansky R, Weber G, Zeitihofer J. Sleep apnea and cognitive dysfunction
in myasthenia gravis. Acta Med Austriaca. 1997;24(3):128-31.

Paul RH, Cohen RA, Gilchrist JM, Aloia MS, Goldstein JM. Cognitive
dysfunction in individuals with myasthenia gravis. J Neurol Sci. 2000;179(S
1-2):59-64. https://doi.org/10.1016/s0022-510x(00)00367-1

Paul RH, Cohen RA, Gilchrist JM. Ratings of subjective mental fatigue
relate to cognitive performance in patients with myasthenia gravis. J Clin
Neurosci. 2002;9(3):243-6. https://doi.org/10.1054/jocn.2001.1016
Eizaguirre MB, Aguirre F, Yastremiz C, Vanotti S, Villa A. Rendimiento
neuropsicolégico en pacientes con miastenia gravis. Medicina (B. Aires).
2017;77(2):117-20.

Sitek EJ, Bilinska MM, Wieczorek D, Nyka WN. Neuropsychological
assessment in myasthenia gravis. Neurol Sci. 2009;30:9-14. https://doi.
org/10.1007/s10072-008-0001-y

Feldmann R, Kiefer R, Wiegard U, Evers S, Weglage J. Intelligence,
attention, and memory in patients with myasthenia gravis. Nervenarzt.
2005;76(8):960:962-6. https://doi.org/10.1007/s00115-005-1877-x
Lewis SW, Ron MA, Newson-Davis JJ. Absence of central functional
cholinergic deficits in myasthenia gravis. J Neurol Neurosurg Psychiatry
Res. 1989;52(2):258-61. https://doi.org/10.1136/jnnp.52.2.258

Marra C, Marsili F, Quaranta D, Evoli A. Determinants of cognitive impair-
ment in elderly Myasthenia Gravis patients. Muscle Nerve. 2009;40:952-9.
https://doi.org/10.1002/mus.21478

Jordan B, Schweden TLK, Mehl T, Menge U, Zierz S. Cognitive fatigue
in patients with Myasthenia Gravis. Muscle Nerve. 2017;56(3):449-57.
https://doi.org/10.1002/mus.25540

Mao Z, Yin J, Lu Z, Hu X. Association between myasthenia gravis and cog-
nitive function: A systematic review and meta-analysis. Ann Indian Acad
Neurol. 2015;18(2):131-7. https://doi.org/10.4103/0972-2327.156560
Burns TM, Grouse CK, Conaway MR, Sanders DB. Construct and con-
current validation of the MG-QOL15 in the practice setting. Muscle Nerve.
2010;41(2):219-6. https://doi.org/10.1002/mus.21609

Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for
measuring depression. Arch Gen Psychiatry. 1961;4(6):561-71. https://
doi.org/10.1001/archpsyc.1961.01710120031004

Gorenstein C, Andrade LH. Inventario de depressao de Beck: pro-
priedades psicométricas da versdo em portugués. Rev Psiq Clin.
1998;25(5):245-50.

Bertolazi AN, Fagondes SC, Hoff LS, Pedro VD, Barreto SSM, Johns MW.
Validagao da escala de sonoléncia de Epworth em portugués para uso
no Brasil. J Bras Pneumol. 2009;35(9):877-83. https://doi.org/10.1590/
S1806-37132009000900009

Benatar M, Sanders DB, Burns TM, Cutter GR, Guptill JT, Baggi F, et al.
Recommendations for myasthenia gravis clinical trials. Muscle Nerve.
2012;45(6):909-17. https://doi.org/10.1002/mus.23330

Oliveira EF, Lima VC, Perez EA, Polaro MN, Valério BC, Pereiro JR, et al.
Brazilian-Portuguese translation, cross-cultural adaptation and valida-
tion of the Myasthenia Gravis Composite scale. A multicentric study.
Arg Neuropsiquiatr. 2016;74(11):914-20. https://dx.doi.org/10.1590/
0004-282x20160129

Sadjadi R, Conaway M, Cutter G, Sanders DB, Burns TM, MG Composite
MG-QOL15 Study Group. Psychometric evaluation of the myasthenia
gravis composite using Rasch analysis. Muscle Nerve. 2012;45(6):820-5.
https://doi.org/10.1002/mus.23260

Brucki SM, Nitrini R, Caramelli P, Bertolucci PH, Okamoto IH. Suggestions
for utilization of the mini-mental state examination in Brazil. Arq Neuro-Psi-
quiatr, 2003;61:3B. https://doi.org/10.1590/S0004-282X2003000500014
Memodria CM, Yassuda MS, Nakano EY, Forlenza OV. Brief screening for
mild cognitive impairment: validation of the Brazilian version of the Montreal
cognitive assessment. Int J Geriatr Psychiatry. 2013;28(1):34-40. https://
doi.org/10.1002/gps.3787

Brucki SM, Malheiros SM, Okamoto IH, Bertolucci PH. Dados normativos
para o teste de fluéncia verbal categoria animais em nosso meio. Arqg

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Dement Neuropsychol 2020 September;14(3):315-323 H

Neuropsiquiatr. 1997;55(11):56-61. https://doi.org/10.1590/S0004-
282X1997000100009

Tombaugh TN, Kosak J, Ress L. Normative data stratified by age and
education for two measures of verbal fluency: FAS and animal naming.
Arch Clin Neuropsychol. 1999;14(2):167-77. https://doi.org/10.1016/
S0887-6177(97)00095-4

Malloy-Diniz LF, Lasmar VA, Gazinelli LS, Fuentes D, Salgado JV. The
Rey Auditory-Verbal Learning Test: applicability for the Brazilian elderly
population. Braz J Psychiatry. 2007;29(4):324-9. https://doi.org/10.1590/
S1516-44462006005000053

Bartel PR, Lotz BP. Neuropsychological test performance and affect in
myasthenia gravis. Acta Neurol Scand. 1995;91(4):266-70. https://doi.
org/10.1111/1.1600-0404.1995.tb07002.x

Brown ES, Vera E, Frol AB, Woolston DJ, Johnson B. Effects of chronic
prednisone therapy on mood and memory. J Affect Disord. 2007;99(1-
3):279-83. https://doi.org/10.1016/}.jad.2006.09.004

Keenan PA, Jacobson MW, Soleymani RM, Mayes MD, Stress ME, Yaldoo
DT. The effect on memory of chronic prednisone treatment in patients
with systemic disease. Neurology. 1996;47(6):1396-402. https://doi.
org/10.1212/WNL.47.6.1396

Frol AB, Vasquez A, Getahun Y, Pacheco M, Khan DA, Brown ES. A
comparison of clinician-rated neuropsychological and self-rated cogni-
tive assessments in patients with asthma and rheumatologic disorders.
Allergy Asthma Proc. 2013;34(2):170-5. https://doi.org/10.2500/
aap.2013.34.3642

Coluccia D, Wolf OT, Kollias S, Roozendaal B, Forster A, Quervain DJ.
Glucocorticoid Therapy-Induced Memory Deficits: Acute versus Chronic
Effects. J Neurosc. 2008;28(13):3474-8. https://doi.org/10.1523/JNEU-
ROSCI.4893-07.2008

Bermond B, Surachno S, Lok A, ten Berge IJ, Plasmans B, Kox
C, et al. Memory functions in prednisone-treated kidney transplant
patients. Clin Transplant. 2005;19(4):512-7. https://doi.org/10.1111/j.
1399-0012.2005.00376.x

Brown ES, Beard L, Frol AB, Rush AJ. Effect of two prednisone exposures
on mood and declarative memory. Neurobiol Learn Mem. 2006;86(1):28-
34. https://doi.org/10.1016/j.nlm.2005.12.009

Schmidt LA, Fox N A, Goldberg MC, Smith CC, Schulkin J. Effects of
acute prednisone administration on memory, attention and emotion in
healthy human adults. Psychoneuroendocrinology. 1999;24(4):461-83.
https://doi.org/10.1016/S0306-4530(99)00007 -4

Elderkin-Thompson V, Mintz J, Haroon E, Lavretsky H, Kumar A. Exe-
cutive dysfunction and memory in older patients with major and minor
depression. Arch Clin Neuropsychol. 2007;22(2):261-70. https://doi.
org/10.1016/j.acn.2007.01.021

Mohn C, Rund BR. Neurocognitive profile in major depressive disorders:
relationship to symptom level and subjective memory complaints. BMC
Psychiatry. 2016;16(108). https://doi.org/10.1186/s12888-016-0815-8
Gualtieri CT, Morgan DW. The frequency of cognitive impairment in patients
with anxiety, depression, and bipolar disorder: an unaccounted source of
variance in clinical trials. J Clin Psychiatry. 2008;69(7):1122-30. https://
doi.org/10.4088/jcp.v69n0712

Yochim BP, Mueller AE, Segal DL. Late life anxiety is associated with de-
creased memory and executive functioning in community dwelling older
adults. J Anxiety Disord. 2013;27(6):567-75. https://doi.org/10.1016/j.
janxdis.2012.10.010

McDermott LM, Ebmeier KP. A meta-analysis of depression severity and
cognitive function. J Affective Disord. 2009;119(1-3):1-8. https://doi.
org/10.1016/}.jad.2009.04.022

Nilsson J, Thomas AJ, Stevens LH, McAllister-Wiliams RH, Ferrier IN, Gal-
lagher P. The interrelationship between attentional and executive deficits
in major depressive disorder. Acta Psychiatr Scand. 2016;134(1):73-82.
https://doi.org/10.1111/acps.12570

Fossati P, Amar G, Raoux N, Ergis AM, Allilaire JF. Executive functioning
and verbal memory in young patients with unipolar depression and schi-
zophrenia. Psychiatry Res. 1999;89(3):171-87. https://doi.org/10.1016/
s0165-1781(99)00110-9

Gualtieri CT, Johnson LG, Benedict KB. Neurocognition in depression:
patients on and off medication versus healthy comparison subjects. J Neu-
ropsychiatry Clin Neurosci. 2006;18(2):217-25. https://doi.org/10.1176/
jnp.2006.18.2.217

Ayres et al. Cognitive performance in Myasthenia Gravis 323


https://doi.org/10.1016/0022-510x(93)90302-f
https://doi.org/10.4103/2347-8659.143671
https://doi.org/10.4103/2347-8659.143671
https://doi.org/10.1016/s0022-510x(00)00367-1
https://doi.org/10.1054/jocn.2001.1016
https://doi.org/10.1007/s10072-008-0001-y
https://doi.org/10.1007/s10072-008-0001-y
https://doi.org/10.1007/s00115-005-1877-x
https://doi.org/10.1136/jnnp.52.2.258
https://doi.org/10.1002/mus.21478
https://doi.org/10.1002/mus.25540
https://doi.org/10.4103/0972-2327.156560
https://doi.org/10.1002/mus.21609
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1590/S1806-37132009000900009
https://doi.org/10.1590/S1806-37132009000900009
https://doi.org/10.1002/mus.23330
https://dx.doi.org/10.1590/0004-282x20160129
https://dx.doi.org/10.1590/0004-282x20160129
https://doi.org/10.1002/mus.23260
https://doi.org/10.1590/S0004-282X2003000500014
https://doi.org/10.1002/gps.3787
https://doi.org/10.1002/gps.3787
https://doi.org/10.1590/S0004-282X1997000100009
https://doi.org/10.1590/S0004-282X1997000100009
https://doi.org/10.1016/S0887-6177(97)00095-4
https://doi.org/10.1016/S0887-6177(97)00095-4
https://doi.org/10.1590/S1516-44462006005000053
https://doi.org/10.1590/S1516-44462006005000053
https://doi.org/10.1111/j.1600-0404.1995.tb07002.x
https://doi.org/10.1111/j.1600-0404.1995.tb07002.x
https://doi.org/10.1016/j.jad.2006.09.004
https://doi.org/10.1212/WNL.47.6.1396
https://doi.org/10.1212/WNL.47.6.1396
https://doi.org/10.2500/aap.2013.34.3642
https://doi.org/10.2500/aap.2013.34.3642
https://doi.org/10.1523/JNEUROSCI.4893-07.2008
https://doi.org/10.1523/JNEUROSCI.4893-07.2008
https://doi.org/10.1111/j.1399-0012.2005.00376.x
https://doi.org/10.1111/j.1399-0012.2005.00376.x
https://doi.org/10.1016/j.nlm.2005.12.009
https://doi.org/10.1016/S0306-4530(99)00007-4
https://doi.org/10.1016/j.acn.2007.01.021
https://doi.org/10.1016/j.acn.2007.01.021
https://doi.org/10.1186/s12888-016-0815-8
https://doi.org/10.4088/jcp.v69n0712
https://doi.org/10.4088/jcp.v69n0712
https://doi.org/10.1016/j.janxdis.2012.10.010
https://doi.org/10.1016/j.janxdis.2012.10.010
https://doi.org/10.1016/j.jad.2009.04.022
https://doi.org/10.1016/j.jad.2009.04.022
https://doi.org/10.1111/acps.12570
https://doi.org/10.1016/s0165-1781(99)00110-9
https://doi.org/10.1016/s0165-1781(99)00110-9
https://doi.org/10.1176/jnp.2006.18.2.217
https://doi.org/10.1176/jnp.2006.18.2.217

