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Abstract
This study aimed to review studies focused on the affective comorbidities associated with
myasthenia gravis and to determine the extent to which neuromuscular treatment modalities
address non-somatic aspects of autoimmune myasthenia gravis. Depression, anxiety, and
emotional hyperactivity can aggravate myasthenia gravis, hinder accurate diagnoses, and
presumably influence overall health-related quality of life.

Studies were identified using PubMed Medline and Web of Science to assess the effects of
psychological factors on myasthenia gravis, encompassing 49 years of research worldwide.
After analysis, approximately 6,060 patients from 32 studies worldwide between 1971 and 2020
were included. Standard-of-care approaches to diagnosis and treatment continue to under-
appreciate the prevalence or impact of mood disorders in myasthenia gravis.

The majority of studies evaluated demonstrated an association between myasthenia gravis and
mood disorders. However, the initiative to detect and treat affective comorbidities probably
remains suboptimal. Although treatments for the somatic effects of myasthenia gravis have
evolved over the past century, the paradigm of clinical practice has yet to adequately address
the management of psychological impacts on the disease. This review is hoped to raise the
necessary awareness in this regard.

Categories: Neurology, Psychiatry, Psychology
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Introduction And Background
Although generalized myasthenia gravis (MG) and the psychosocial factors associated with it
have been well studied, the latter continue to be inadequately addressed clinically. MG is
characterized by chronic, fatigable muscle weakness induced by autoantibodies to the
Acetylcholine receptors of the neuromuscular junction. Bulbar, ocular, and respiratory muscle
involvement can result in ptosis, diplopia, dysarthria, dysphagia, and respiratory failure.
Despite almost a century of progress in the development of effective treatments for the somatic
symptoms of MG, little is known about the exact relationship between MG and psychological
disorders that often accompany it.

Occurring in 41% of MG patients, mood disorders are the most common comorbidity in
neurological conditions [1]. In particular, anxiety and depression are often misdiagnosed and
under-treated [2,3]. Mood changes, fatigue, shortness of breath, social withdrawal, anxiety, and
depression occur in both MG and primary psychiatric conditions, which may lead to
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misdiagnosis and improper or delayed treatments [2,3]. Deducing the etiology of
psychological symptoms is essential for not only determining the appropriate treatment but
also preventing worsening of MG, as heightened anxiety can aggravate the clinical course of
MG. In this systematic review analyzing 49 years of research, we attempt to elucidate the
relationship between MG and mood disorders in order to provide clinically relevant guidelines
for managing MG in the presence of psychological comorbidities.

Review
 Methodology
A literature search for the terms “myasthenia gravis AND mood disorders”, “myasthenia gravis
AND depression”, “myasthenia gravis AND anxiety”, “myasthenia gravis AND psychological
stress”, “myasthenia gravis AND emotional stress”, “myasthenia gravis AND mental health”,
“myasthenia gravis AND psychology”, “myasthenia gravis AND quality of life”, “myasthenia
gravis AND mood disorders”, and “myasthenia gravis AND epidemiology” was
conducted on PubMed MEDLINE databases for articles published between 1971 and 2020
worldwide. An additional search was made on Web of Science. Inclusion criteria were full-
length articles published or available in English language on human subjects, time base of 1971
to 2020, and articles focusing on the psychological impact of autoimmune MG only and not
other autoimmune or neuromuscular disorders. The exclusion criterion was inclusion of other
autoimmune conditions or neuro-muscular conditions along with MG. Articles with or without
quantitative data were considered. Those with quantitative data were used for quantitative
analysis, whereas those without quantitative data were used to study the extent of the
relationship between psychiatric comorbidity and MG across the continents over the last five
decades. A total of 32 two peer-reviewed publications from six continents spanning across
Australia, Brazil, Canada, China, England, Germany, Israel, Italy, Japan, Mexico, Saudi Arabia,
Serbia, South Africa, South Korea, Sweden, Taiwan, Turkey, and the United States were analyzed
based on study design, sample size, statistical significance, and inquiry of outcomes
(Figures 1, 2). One article was excluded as per the exclusion criterion mentioned above. Overall,
6,060 patients were studied collectively. Statistical tests for significance of psychological factors
on MG outcomes were assessed by the rigors of methodologies and reported p-values in each
study. Qualitative studies were examined to illuminate factors that influence mood and health-
related quality of life (HRQoL) in MG patients. Due to the enormous heterogeneity and
differences in standards of research publications spanning over five decades, the components
of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) could not be
always fulfilled. Records were identified through database searching and an additional source,
records with duplication were excluded, and full-text articles were assessed and included as per
the criteria set; some studies were used for quantitative analysis, whereas others were valued
for their contributions toward qualitatively establishing the link between psychiatric diseases
and MG.
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FIGURE 1: Published research activities (distribution of
published work in 32 countries from the year 1971 to 2020).
distribution of published work in 32 countries from the year 1971 to 2020.

FIGURE 2: Chronological publications on mental health issues
in myasthenia gravis.

Results
Depression
While the lifetime prevalence of major depression among the general population ranges from
7% to 17% with a 30-day prevalence of 5%, patients with a chronic illness have a 54% higher
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lifetime prevalence of depression with a 62% increase in six-month prevalence compared with
their healthy counterparts [4-6]. Magni et al. found that a third of individuals with MG suffered
from depression, which is consistent with the findings from Twork et al. [7-9]. A cross-sectional
study in Saudi Arabia reported that the odds of depression were twofold higher in MG patients
compared with individuals in primary care clinics (OR = 2.05; 95% CI = 1.30-3.11; p =
0.002) [10]. Longer MG disease duration, disease severity, and MG-induced respiratory failure
were associated with increased rates of depression among MG patients [11,12]. In contrast, Paul
et al. failed to unearth a statistically significant difference in the prevalence of depression
between healthy controls and those afflicted with MG [12]. However, their study was limited by
a small sample size of 29 patients [12].

Depression has been found to be a statistically significant prognostic indicator of poor HRQoL
in MG patients by linear regression analysis in studies of patient samples as far reaching as
Europe and Australia (p < 0.01) [13-15]. Depression is associated with decreased motivation for
self-care and significant limitations in physical abilities along with increased mortality
rates [9,16,17]. Likewise, depression also correlates with increased somatic complaints,
ambulatory visits, and healthcare costs, all of which may contribute to poor HRQoL in MG
patients [18-20].

Anxiety
Similar to the high rates of depression in debilitating diseases, MG patients have been
diagnosed with an anxiety disorder in up to 46.3% of patients [12]. According to a study by
Basta et al., utilizing the Hamilton Anxiety Rating Scale and multivariate linear regression
analysis, anxiety is a statistically significant (β= -1.914, 95% CI: -2.44 to -1.39, p = 0.001)
predictor of poor HRQoL in individuals with MG [13]. Since MG is a chronic and unpredictable
illness in which repetitive use results in muscle fatigue and weakness, and physical and
emotional stressors may induce myasthenic exacerbations, patients with MG often develop
behavioral patterns of excessive advanced planning and avoidance of social situations to
preserve muscle strength and evade embarrassment [9]. In particular, bulbar dysfunction
resulting in dysarthria, dysphagia, and dysphonia was associated with statistically significant
poor HRQoL (p = 0.01), as patients developed social anxiety from impaired verbal and non-
verbal communication due to compromised speech, communication, facial expression, and
swallowing abilities [9,11,14,15,21-23]. Restriction of social interactions may be associated with
lower satisfaction with life [24]. Patients with bulbar deficiency who advanced to ventilator
support had a poorer HRQoL prior to ventilation from both the physical demands of increased
work of breathing and the emotional distress of anticipatory planning to circumvent social
anxiety [15].

Not surprisingly, patients with respiratory failure as a direct result of MG experience greater
anxiety than those without respiratory symptoms [12]. Experts from leading studies have
postulated that the higher rates of anxiety disorders, including generalized anxiety, panic
disorder, and agoraphobia, are attributed to the unpredictable, fluctuating nature of respiratory
dysfunction, which can be exacerbated by physical or emotional stress [12,25]. Higher rates of
anxiety in MG patients with respiratory distress are thus attributed to an element of
anticipatory anxiety, given the presence of erratic, potentially life-threatening episodes of
significant respiratory distress and apprehension about treatment with mechanical
ventilation [12].

Effects of MG Treatment on Mood
One method of rapidly ameliorating weakness during a myasthenic crisis is to treat patients
with plasmapheresis. Researchers have postulated that affective disturbances in MG may arise
in response to the physical limitations imposed by muscle weakness and consequently may be
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reduced by alleviating somatic symptoms [14,25,26]. However, a study by Chen et al. revealed
that while plasmapheresis effectively cleared 56% of the pathogenic antibodies, correlating with
a 46% reduction in MG score, as an indicator of decreased weakness, plasmapheresis failed to
reduce rates of depression and anxiety [26]. Furthermore, Mean Mental Components of HRQoL
remained low post-plasmapheresis, despite improved physical function and strength [26].
While plasmapheresis reduced weakness and alleviated physical disability; it had no significant
impact on diminishing mood disorders or improving mental HRQoL, suggesting that depression
and anxiety may represent emotional responses to the progression of MG associated physical
disabilities in the chronic course, that remain intractable throughout the early stage of the
physical recovery process [26]. Consistent with this, the retrospective CONSORT study of 541
MG cases in China found a statistically significant, independent association between
postoperative myasthenic crises following thymectomies and preoperative anxiety by
multivariate linear regression analysis (OR = 2.40; 95% CI: 1.33-4.34; p = 0.004) [27].

In contrast to plasmapheresis, corticosteroids, first-line agents used to alleviate weakness by
suppressing the production of pathogenic autoantibodies, can provoke psychiatric
morbidity. This further complicates the relationship between MG and mood disorders. Suzuki et
al. found that a mean daily dose of 8.1 mg of prednisolone was the most significant
independent factor associated with depression in MG by multivariate linear regression analysis
(OR: 1.09; 95% CI 1.02-1.17; p =0.01) [28,29]. Long-term corticosteroid use in MG has also been
linked to depression, anxiety, and psychosis in two large meta-analyses [30,31]. Several studies
have independently concluded that higher doses of corticosteroids precipitated depressive
states in MG, with psychiatric comorbidities emerging at 10 mg/day of prednisone or
prednisolone [32]. Steroids can also cause insomnia, which is an essential feature of depression
and anxiety, further obscuring the etiology of mood disorders in MG treated with
corticosteroids [33].

Additional Factors Affecting Psychiatric Comorbidities
Lack of social support, poor coping mechanisms and acceptance of disease, older age of onset,
lower education, occupations associated with increased physical labor, career changes
associated with MG, and worsening disease severity are independently statistically significant
for associations with diminished HRQoL, which, in turn, can induce emotional stress in
individuals afflicted with MG [14,15,27,34-37]. In a cyclical fashion, emotional turmoil can
further trigger myasthenic exacerbations, resulting in debilitating physical symptoms [15,38].
Conversely, higher education and intellectual occupations requiring little physical exertion
were associated with enhanced HRQoL by multivariate linear regression [14]. With fewer work
restrictions, patients experienced a greater sense of satisfaction and purpose in life along with
a steady income, which may also contribute to an uplifted mood and an enriched quality of life
overall [14].

Effects of Psychoactive Medicines on MG
Limited observational studies have validated the potential utility of fluoxetine and
psychotherapy to manage psychiatric dysfunction in patients with MG, without serious adverse
effects [39,40]. In contrast, the tricyclic antidepressant amitriptyline and antipsychotic agent
haloperidol aggravate MG by impairing transmission at neuromuscular junctions [41].
Diazepam has also been reported to provoke respiratory stress in MG, whereas lithium
carbonate has been known to induce new-onset MG [42,43]. Effective knowledge in this regard
is essential in determining a first-line treatment for managing depression and anxiety in
individuals afflicted with MG.

 Public Health Cost Burden
The average interval between disease onset in MG and remission is four years [44]. Most
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patients experience one of more exacerbation of symptoms at that time. As a chronic illness
with long-term disability, MG has a major impact on public health (Figure 3) [9]. In a study by
Blum et al., only 40.6% of Australian individuals diagnosed with MG were able to continue
working, whereas 57.6% were forced to take sick leave and 52.7% relied on government
support [14]. Similarly, a recent cross-sectional multicenter study reported that 4.1% of
Japanese patients with MG were unwillingly transferred, 47.1% had a reduction in 50% or more
of their total income, and 27.2% were unemployed; with 49% of individuals experiencing
reduced positivity associated with the social and psychological disadvantages of MG [44].
Schepelmann et al. calculated that the total annual cost of MG treatment in Germany in 2010
was €14,950 (95% CI: 10,740-21,730) per patient [45]. Guptill et al. estimated the annual cost of
MG treatment in the United States in 2011 from available data on 1,288 patients diagnosed with
MG [46,47]. The total annual MG-related pharmacy costs were $9.4 million, with costs related
to the treatment of MG higher than those of many other chronic neurological diseases. On an
individual level, occupational loss not only results in deteriorating finances and diminished
access to healthcare but also adversely impacts self-esteem and sense of self-worth,
representing yet another emotional stressor impeding the disease recovery course.

FIGURE 3: Interdependence of various clinical factors in
myasthenia gravis.

Conclusions
Published data over nearly half of a century have demonstrated an association between MG and
mood disorders. However, the initiative to detect and treat affective comorbidities remains, at
the best, sub-optimal. Although treatments for the somatic effects of MG have evolved
appreciably over the past century, the paradigm of clinical practice has yet to adequately
address psychological aspects of management. Further complicating this, MG treatment with
corticosteroids may induce organic affective syndromes, compounding the effects of
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psychological depression and anxiety, leading to poor health outcomes and a diminished
quality of life. Future randomized controlled trials, while challenging to conduct, may be
effective in elucidating any causal relationship between MG and psychological disorders.
Whether the very autoimmune process such as the acetylcholine receptor antibodies has any
direct action on the central nervous system, leading to psychological maladies, may be an
interesting proposition to be pursued scientifically. As a chronic illness with long-term
disability, MG has a major impact on public health on both an individual and a population
level. Over the past 70 years, the mortality rate for MG has declined precipitously, currently
0.06 to 0.89 deaths per million person-years in the developed world. Improvements in intensive
respiratory care and the introduction of immunosuppressive medicines have transformed this
once fatal condition into a multifaceted chronic disease, extending beyond the neuromuscular
junction to the emotional realm. A shift in paradigm in clinical practice is imperative to
incorporate a multidisciplinary approach that addresses both the somatic and affective sequelae
throughout the MG disease course. The purpose of this review article, which does not discover
something altogether unknown, will be served if adequate attention leading to a higher level of
awareness becomes the standard of medical care in this regard.
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