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Abstract

Background and purpose: Stress is a known risk factor for the onset and modulation of
disease activity in autoimmune disorders. The aim of this cross-sectional study was to
determine any associations between myasthenia gravis (MG) severity and chronic stress,

depression and personality type.

Methods: We included 179 consecutive adult patients with confirmed MG attending the
Neuromuscular Clinic between March 2017 and December 2017. At baseline, patients were
assessed clinically and they completed self-administered scales for disease severity,

perceived stress, depression and personality type.

Results: Higher disease severity (Myasthenia Gravis Impairment Index) showed a moderate
correlation with depression scores (BDI-II, r=0.52, p<0.001), and a lower correlation with
chronic stress (TICS, r=0.28, p=0.001). Chronic stress scores were different according to
personality types (ANOVA p=0.02). The linear regression model with MGII score as the
dependent variable showed R% 0.34, Likelihood ratio chi square: 74.55, with p<0.0001. The
only variables that predicted disease severity were depression scores (p<0.0001) and female

sex (p=0.003).

Conclusions: We found a significant association of MG severity with depression and chronic
stress, as well as with female gender. These findings should raise awareness that the long-
term management of MG should address depression and potential stress, and consider

behavioural management to prevent stress-related immune imbalance.
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INTRODUCTION

Myasthenia gravis (MG) is a rare autoimmune disease with a prevalence of 25.4-
27.3/100,000 [1] caused by nicotinic acetylcholine receptor antibodies (AchR) in most

patients [2].

The characteristic clinical pattern is of fluctuating weakness [3], so the presentation can
overlap with psychiatric disorders. Myasthenic symptoms of fatigue or dyspnea which are
also common in psychiatric disorders lead to misdiagnosis of MG. Co-morbid psychiatric
symptoms may be misdiagnosed as true myasthenic symptoms [4]. Many patients report
mental stress as an important risk factor for the onset and modulation of disease activity in
autoimmune disorders [5, 6, 7]. Depression is another confounder for diagnosis and status
[14]. The unpredictable progression of MG, risk of crisis, chronic course and medication
side-effects reduce quality of life, cause psychological stress and predispose to depression.
Psychiatric treatment may aggravate MG [4]. Thus, a clear diagnosis is necessary to optimize

therapy.

Contradictory results on emotional factors have been found in MG patients. Depression is

frequent [8-14], and those with more severe illnesses have higher levels of psychopathology

[7, 14] that also affect quality of life [6, 15]. Others have not found similar results [16-19].
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The potential role of the underlying personality profile in MG is unknown although
relationships have been observed in other autoimmune disorders [20]. Some personality traits
can predict stress level, for example neuroticism is related to increased exposure to stressful
life events, negative emotions and frustration [21] and is predictive of long-term health in
chronic patients [22]. In contrast, high extraversion and conscientiousness are less affected

by daily stresses [21].

The aim of this cross-sectional study was to develop an understanding of the associations
between MG severity, depression, chronic stress and personality type. We hypothesized that
patients with worse MG disease severity would have higher rates of stress and depression,

and that personality traits would correlate with stress, depression and symptoms.

METHODS

Participants:

We offered the study to consecutive MG adult patients attending the Prosserman Family
Neuromuscular Clinic, Toronto General Hospital, between March and December 2017. The
diagnosis of MG was confirmed by a neuromuscular physician based on the clinical
presentation, abnormal single fiber electromyography studies, and positive antibody titres.
The University Health Network Research Ethics Board approved the study and all patients

provided written informed consent.
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Measures:

At baseline, patients completed the Myasthenia Gravis Impairment Index (MGII) for disease
severity [23], the short Trier Inventory for Assessment of Chronic Stress (TICS) [24], Beck’s
Depression Inventory-Second Edition (BDI-Il) [25] and the Big 5 Personality Inventory

(NEO-PI-Revised) [26]. (See supplementary material for details.)

Statistical Analysis:

Analyses were performed using R, version 3.5.0. Results are presented as counts (N) and
proportions (%) or means +/- standard deviations as appropriate. We compared clinical and
demographic variables in patients with and without depression (defined by 17 points or more
on the BDI-I1 scale [25]. We also compared patients with low and high levels of stress using
a cut-point of 60 points in the TICS-S [24]. Finally, we compared patients with different
personality types as defined by NEO-PI-Revised [26]. For continuous variables, the
differences between groups were analyzed with t-test or ANOVA (if > 2 groups); we used
chi-square tests to compare proportions. We used Pearson correlation coefficients to evaluate
the correlation of disease severity with stress level and depression. We built a multivariate
linear regression model using the MGII as the dependent variable to find the association
between disease severity, level of stress, depression and personality type. We also
incorporated relevant demographic and clinical factors (age, sex, thymoma, MG type) in the
models; we measured variation inflation factors (VIF) to assess multicollinearity. We also
tested interactions for age and sex and used likelihood ratio tests to determine if these
interactions were needed. We assessed models with residual plots and compared R? statistics,
before and after bootstrapping with 100 repetitions. We retained the best fitting model, and
reported the estimates and standard error for each variable. P values < 0.05 were considered

statistically significant for all analyses.
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RESULTS

A total of 179 patients, 52% women, entered the study. Age ranged from 22-86 years, MG
duration 1-46 years and MGII 0-55; 82% of patients had generalized disease; 25.7% had
thymoma and 55.3% had thymectomy; 126 patients had antibody tests: AchR Ab were found

in 62.7% and anti-MuSK antibodies in 4.8%.

In those under 40 years of age (early onset), 75% were female and in late onset the genders
were equally distributed (51.3% female, 48.7% male). Men had lower MGII scores compared
to women (MGII 11 vs 17, p=0.002). More men had ocular MG (12% vs 24.4%, p=0.03).
MGII scores were not associated with presence of thymoma, prior thymectomy or antibody

status.

Patients with depression (17.3%) were younger, had earlier age at onset, higher MGII scores

and higher stress scores, and were more likely to have generalized disease (Table 1).

Patients with higher levels of stress (11.7%), were younger, with earlier age at onset, higher

MGl scores and had more depressive symptoms (Table 2).

Higher disease severity (MGII score) showed a moderate correlation with depression (r=0.52,

p<0.0001), and a lower correlation with chronic stress (r=0.28, p=0.0001). Also, there was a

moderate positive correlation between stress and depression (r=0.47, p<.0001).
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Table 3 shows stress, depression and clinical factors across personality types determined
using the Big 5 Personality Inventory [26]. No extroverted patients were found in this cohort.
Patients with neuroticism scored higher in MGII, BDI-Il and TICS while patients

characterized by conscientiousness scored the lowest.

Women were predominant in the agreeableness group (65%) and men in the openness group
(62%, p=0.002). Patients characterized by agreeableness and neuroticism were significantly
older than those characterized by openness and conscientiousness (62.1+13.1y versus

56.5+14.9y, p=0.01).

Twenty-five patients (14%) reported a subjective association between MG onset and a

stressful personal event such as divorce, family member death, work-related stress.

In the linear regression model, with MGII score as the dependent variable, the interaction
between sex and age was not significant (p=0.4) and was not included in the final model
(supplementary Table 1). Variance inflation factor scores were below 2.5 indicating no
multicollinearity. The final model had R?0.34, Likelihood ratio chi square: 74.55, with
p<0.0001. The only variables that predicted disease severity were depression scores

(p<0.0001) and sex (p=0.003), as females had more severe MG.

DISCUSSION
In this cross-sectional study, we found positive correlations between MG severity (MGII
score), depression and chronic stress. When adjusting for confounders, only depression scores

and female sex were significant predictors of disease severity.
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About 5.4% of the Canadian population 15 years or older meet criteria for a mood disorder in
the preceding 12 months [27]. Globally, it is estimated that 4.4% of the population have
a depressive disorder, and 3.6% an anxiety disorder [28]. Therefore, in our cohort, the 17.3%

of MG patients diagnosed with depression was higher than in the general population.

The previously reported rates of depressive symptoms in MG using BDI-II are contradictory
ranging from 19 to 40.5% [12 - 14] to no different than in the general population [17, 29].
When mood, evaluative and vegetative subscales for symptoms of depression were
compared, prevalence of depression varied from 17 to 41%, suggesting that it can be
artificially inflated by the vegetative symptoms of MG [11]. Higher rates of total psychiatric
disturbances 51% [7] or anxiety disorders 46.3% [8] in MG patients have been reported. A
previous study showed that patients with dysthymia were older with longer disease duration
[8]. In our study cohort, patients with depression and higher levels of stress were younger,
with an earlier disease onset, all correlated with increased disease severity. These differences
might arise from the larger number of patients in our cohort and the use of different scales for
depression across the studies.

Previous studies have consistently documented higher rates of depression in women than men
at 2:1 [4, 7, 14, 30], but our cohort shows a very slight male predominance in those with
depression and higher stress. A potential explanation is that disability affects perceived
gender roles. However, although males have more depression that was significantly
correlated with disease severity, women were more likely to have greater disease severity.
Previous studies have shown similar gender differences in MG severity and quality of life
(QoL) with women having worse fatigue and QoL than men [31, 32]. Our study is in keeping
with those findings. Overall, QoL in patients with MG has been found to correlate with

disease severity [6, 9, 15].
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Another study reported that MG onset was associated with physical or emotional stress in
20% of cases, and mental stress triggered exacerbations in up to 60% of MG. They showed
that the lower the QoL, the greater the association with depression in MG [6]. In our study,
14% of patients recognized a personal stressful event prior to the onset of the disease.
However, this assessment is limited due to the recall bias. Our cohort had patients with lesser
disease severity and with lower degrees of stress that was lost in the model, suggesting that

depression is the more important predictor with a stronger association with disease severity.

Our data showed higher levels of stress were associated with neuroticism and openness.
Patients characterised by conscientiousness had the lowest scores for depression and chronic

stress. We did not find a significant correlation between MG severity and personality type.

A study of personality traits and coping styles according to stress level showed that
neuroticism, with adjusting covariates of demographic characteristics and the other
personality traits, was a risk factor for stress level with odds ratios (OR) OR:1.24 [21].
Increases in conscientiousness and extraversion were found to be associated with improved
mental and physical health in another study, whereas increased neuroticism was linked with
poorer health [33]. Given that we did not have any patients classified as extroverted and very
few with neuroticism, our findings must be considered with caution. In general, women tend
to score higher on neuroticism and agreeableness and men often report higher assertiveness

and openness to ideas as assessed by the NEO-PI-R [34] as we observed during the study.
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A study of 40 female patients with systemic lupus erythematosus, Sjogren’s syndrome,
vasculitis or polymyositis predominantly showed characteristics of excessive kindness, lack
of aggressiveness, self-depreciation and feelings of inferiority and suggested that patients
with dysimmune conditions are psychologically fragile and that psychotherapy should be
considered in these patients [20]. Another study in 20 lupus female patients found no
significant correlation between personality changes and disease activity; however, an

important prevalence of depression (65%) was observed [35].

Some limitations of our study are the cross-sectional design, the lack of a compensator
healthy control group, absence of some social factors (such as marital status, education), lack
of formal psychiatric evaluation, potential confounding of MG symptoms by those in
affective disorders, including only stable outpatients with limited disease severity and

uncertainty about the temporal association of depression and MG triggers or consequences.

Major strengths are the large number of patients recruited and the stable cohort that avoids

overestimation of depression.

In summary, we found a significant association of MG severity with depression and chronic
stress, as well as with female gender. These findings should raise awareness that the long-
term management of MG should address depression, potential stress and consider behavioural
management to prevent stress-related immune imbalance [36]. Personality traits are
interconnected with perception of stressful situations and predisposition to depression [21,
37], so the assessment of trigger factors for MG relapse should consider psychological

aspects in addition to other common triggers such as infections or medication.
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Table 1: Comparison between MG patients with and without depression

Variable Patients with depression Patients without p value
(BDI-11 >16, N=31) depression (BDI-Il <17,
N=148)
Age 52.5+14.1 59.8+14.3 0.01
Sex M 51.6 47.3 0.66
Disease duration 10.5+9.2 11.5+9.1 0.61
Age at onset 41.9+15.7 48.3+16.2 0.04
Thymoma 32.3 24.3 0.36
Thymectomy 71.0 52.0 0.05
Type of MG -G 96.8 79.1 0.02
AchR Ab 54.8 41.9 0.19
MuSK 6.5 2.7 0.30
MGII 27.8£15.8 11.1+11.1 <.0001
TICS 53.7£18.2 37.9+£15.5 <.0001
Values are means = SD or %.
Table 2: Comparison between MG patients with higher and lower stress level
Variable Patients with higher level of  Patients with lower level of p value
stress (TICS>60, N=21) stress (TICS<61, N=158)
Age 45.7£13.4 60.2+13.8 <.0001
Sex M 57.1 46.8 0.37
Disease duration 13+11.4 11.1+8.7 0.36
Age at onset 32.6+14.5 49.1+114 <.0001
Thymoma 23.8 25.9 0.83
Thymectomy 81.0 52.0 0.01
Type of MG - G 90.5 81.0 0.29
AchR Ab 42.9 44.3 0.90
MuSK 9.5 2.5 0.09
MGII 23.7£15.4 12.6+£12.9 0.0005
BDI-II 17.0£8.4 8.2+7.0 <.0001

Values are means + SD or %.
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Table 3: Features of personality types

Personality type TICS BDI-Il MGII Age Ageofonset Sex F/M Thymoma Generalized
Agreeableness 37.7 9.5 146 62.2 49.6 39/21 26.7% 76.7%
(34%)

Conscientiousness 37.6 7.7 128 559 46.7 28/24 26.9% 86.5%
(29%)

Neuroticism (2%) 48.2 11.5 218 6138 47.8 2/2 25% 100%
Openness (35%) 45.6 10.3 13.8 56.9 45.3 24/39 27% 82.5%

p value (ANOVA) 0.02 0.31 0.62 0.09 0.52 0.03 0.96 0.43
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