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Abstract

Background—Myasthenia gravis is an autoimmune disease of the neuromuscular junction,
commonly affecting the ocular muscles. Cigarette smoking has been shown to influence many
autoimmune diseases, including multiple sclerosis and rheumatoid arthritis, but its effect on
myasthenia gravis has not been well studied. We sought to determine whether cigarette smoking
influenced disease-related symptoms in ocular myasthenia gravis (OMG).

Methods—We performed a prospective, clinic-based cross-sectional study in a single academic
neuro-ophthalmology practice. All patients diagnosed with OMG between November 2006 and
April 2014 were included. A prospective telephone survey was administered to determine smoking
status and myasthenia gravis-related symptom severity. The main outcome measure was the
myasthenia gravis-specific activities of daily living (MG-ADL) score, a well-validated marker of
symptoms and quality of life in myasthenia gravis.

Results—Forty-four patients were included in the analysis. Comparison of MG-ADL ocular
subscores between current smokers (3.4 £ 2.6), former smokers (1.8 + 2.1), and never smokers
(1.1 + 1.5) revealed a statistically significant relationship (P=0.031) where current smokers had
the highest MG-ADL ocular subscores and never smokers the lowest. Comparison of MG-ADL
total scores revealed the same relationship (current 5.6 + 4.5, former 2.9 + 3.1, never 1.4 £ 2.5, P=
0.003). There were borderline significant correlations of pack years with MG-ADL ocular
subscore (r = 0.27, P=0.074) and MG-ADL total score (r = 0.30, A= 0.051).

Conclusions—Our findings indicate an association between cigarette smoking and symptom
severity in OMG. This association suggests that smoking cessation in OMG patients may lead to
improved symptom-related quality of life.
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Myasthenia gravis (MG) is an autoimmune disorder characterized by inflammation at the
neuromuscular junction. The condition is most often caused by autoantibodies targeting the
postsynaptic skeletal muscle nicotinic acetylcholine receptor (AChR) (1). Impaired
neuromuscular transmission leads to fluctuating weakness, which can affect any skeletal
muscle. Extraocular muscle involvement is common resulting in diplopia and ptosis. When
disease activity is limited to the eye muscles, the disease is termed ocular myasthenia gravis
(OMG).

Cigarette smoking and other forms of chronic nicotine use have been shown to alter AChRs,
but this research has focused on neuronal receptors in the brain (2). Although cigarette
smoking has been shown to cause or exacerbate other autoimmune diseases such as
rheumatoid arthritis, systemic lupus erythematosus, multiple sclerosis, and Graves disease
(3), the effect of cigarette smoking on muscle nAChR and on MG is not clear. Maniaol et al
(4) found a higher prevalence of MG among cigarette smokers as compared with the general
population, and Moreau et al (5) described a patient who had an exacerbation of MG after
transdermal application of nicotine. Aside from these 2 reports, little is known about
whether cigarette smoking may play a causal role, influence disease activity, or exacerbate
symptoms and quality of life in MG.

We surveyed patients with ocular symptoms from myasthenia gravis to determine whether
cigarette smoking influenced symptom severity and quality of life in MG as determined by
the myasthenia gravis-specific activities of daily living (MG-ADL) total score and ocular
subscore.

METHODS

We undertook a clinic-based cross-sectional study by performing a scripted, interviewer-
administered telephone survey to all patients who received the diagnosis of OMG in our
academic neuro-ophthalmology practice from November 2006 to April 2014. OMG was
defined as weakness limited to the extraocular muscles, eyelid levators, and orbicularis oculi
(6) with at least one of the following pieces of supplementary evidence for the disease: 1)
serum anti-AChR antibodies, 2) unequivocal improvement of symptoms with intravenous
injection of edrophonium, or 3) a typical clinical presentation with symptom improvement
after oral corticosteroids and/or acetylcholinesterase inhibitors. Many patients had multiple
visits to our clinic, and they were deemed to have OMG if they met these diagnostic criteria
during any of those visits. Electromyography was not used as a diagnostic criterion because
we do not routinely perform such testing in patients with purely ocular symptoms. Patients
were excluded from the study if they were unable to be contacted, did not give consent, or if
their diagnosis of MG was uncertain. Patients were also excluded if they had a confounding
diagnosis such as thyroid eye disease. Patients who developed symptoms of generalized MG
between initial diagnosis and survey administration were not excluded; however, those who
had generalized symptoms before diagnosis were excluded. This judgment was made based
on clinical history. Survey administration took place between February and April of 2014.

Smoking status was determined with questions modified from the National Health Interview
Survey (7). The MG-ADL (activities of daily living) score, a well-validated tool for
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measuring outcomes in MG (8,9), was administered to determine symptom severity and
quality of life. The last 2 questions of the MG-ADL score pertaining to ocular symptoms
were analyzed separately as an ocular subscore (See Supplemental Digital Content, Figure
E1, http:/links.lww.com/WNO/A175). In the MG-ADL score, higher scores indicate greater
symptom severity. MG-ADL scores were compared between smoking groups with analysis
of variance and also in a general linear model with covariate adjustment for age, gender, and
months since disease onset. Approval was obtained before study initiation from the
Institutional Review Board at the University of Miami, verbal informed consent was
obtained from all participants, the study was HIPAA compliant, and the study adhered to the
tenets of the Declaration of Helsinki.

RESULTS

Eighty-four patients with MG were identified during the study period; all presented to our
clinic with ocular symptoms. Thirteen were excluded due to an uncertain or potentially
confounding diagnosis, and 15 were excluded due to an inability to obtain correct contact
information. Phone calls were made to 56 patients, but 11 could not be reached and 1
declined to participate. At least 3 attempts were made to contact all patients. In all, surveys
were administered to 44 of 45 patients who were reachable with a response rate of 98%.
Survey respondents were divided into 3 groups: current smokers, former smokers, and never
smokers. The characteristics of these 3 groups are summarized in the Table 1.

Thirty-seven of the 44 patients had a positive edrophonium test or AChR antibodies or both,
the remaining 7 patients had a typical clinical presentation with symptoms that improved
with oral corticosteroids and/or acetylcholinesterase inhibitors. At the time of the survey, 11
patients were being treated with prednisone alone, 6 with pyridostigmine alone, 10 with both
prednisone and pyridostigmine, 6 with steroid sparing agents, and 11 were receiving no
treatment. A breakdown of the treatments that each smoking group was receiving at the time
of the survey can be viewed online as Supplemental Digital Content, Figure E2, http://
links.lww.com/WNO/A176. Ten of the 44 patients had developed generalized symptoms by
the time of survey administration. Of these 10, 9 were either former or current smokers.

Comparison of MG-ADL ocular subscores between current smokers (3.4 + 2.6), former
smokers (1.8 £ 2.1), and never smokers (1.1 £+ 1.5) revealed a statistically significant
relationship (P=0.031, one way analysis of variance) where current smokers had the highest
MG-ADL ocular subscores and never smokers the lowest (Table 1 and Fig. 1). Comparison
of MG-ADL total scores revealed the same relationship (current 5.6 + 4.5, former 2.9 + 3.1,
never 1.4 + 2.5, £=0.003, Table 1 and Fig. 2). There were borderline significant
correlations of pack years with MG-ADL score (r = 0.30, A= 0.051) and MG-ADL ocular
subscore (r = 0.27, P=0.074). There was no significant correlation between years since
smoking cessation and MG-ADL ocular subscore (r = -0.17, = 0.49) or total score (r =
-0.17, P=0.54).

One way analysis of variance followed by post hoc least significant difference tests
demonstrated that former smokers with MG were older than either current or never smokers
(P<0.045). There were also an unexpectedly high (88%) number of men in the former
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smokers group. Statistically adjusting for differences in age/gender between the smoking
groups did not alter the statistical significance of the difference in MG-ADL ocular subscore
or total score by smoking groups (P = 0.006 and £ = 0.003, respectively). Statistically
adjusting for time from disease onset to survey administration (i.e., disease duration) also
did not alter the statistical significance of the differences between groups for both the MG-
ADL ocular subscore and total score (P=0.0031 and £=0.0034, respectively).

DISCUSSION

Our study demonstrated a significant association between cigarette smoking and symptom
severity in patients with OMG. Current smokers had the highest MG-ADL ocular subscores
and the highest MG-ADL total scores while never smokers had the lowest scores. Former
smokers had scores between these 2 groups. The suggestion of a relationship between pack
years and MG-ADL scores was also discovered, but this did not reach statistical
significance. In light of the results of this study, we urge clinicians to strongly recommend
smoking cessation to myasthenic patients in the hopes that successful smoking cessation
may lead to improved MG symptoms. Although this study does not specifically address
whether OMG symptoms and quality of life may improve after smoking cessation, the
overwhelming health benefits from smoking cessation support this recommendation.
Furthermore, clinicians may consider providing specific assistance for smoking cessation
(e.g., self-help guidance, counseling, medications, and referral to state smoking quitlines)
because patients have greater success in quitting as measured by 12-month abstinence rates
with assistance as compared with without assistance (10).

Either an alteration of the immune system or of the neuromuscular junction or a combination
of both may trigger an effect of cigarette smoking on the MG-ADL score. Cigarette smoking
is known to have myriad effects on the immune system. It increases the recruitment of
neutrophils, macrophages, and monocytes, and causes increased release of tissue-damaging
matrix metalloproteinases as well as other inflammatory cytokines (3). By these and other
immune-mediated mechanisms, several autoimmune diseases have been causally linked to
smoking, including rheumatoid arthritis, systemic lupus erythematosus, multiple sclerosis,
and Graves disease (3).

Alternatively, an effect of cigarette smoking on the physiology of the neuromuscular
junction could underlie this association. Prolonged exposure to nicotine results in
desensitization or inactivation of neuronal AChR (2). This effect has been shown only for
neuronal AChR, and the effect of such exposure on muscle AChRs is unknown. The
association discovered here raises the question of whether AChR changes at the
neuromuscular junction might be a plausible mechanism for greater symptoms in
myasthenics who smoke, especially given that myasthenic neuromuscular junctions are
already altered and devoid of AChRs (11,12). Ultimately, this study was not constructed to
address mechanism; and these proposed mechanisms remain speculative.

Potential limitations of our study include the possibility of confounding variables that result
from its observational nature. Although we were able to statistically adjust for certain
variables (age, gender, and disease duration), the possibility of confounding variables
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persists. In particular, differences in medication usage between smoking groups could lead
to differences in the groups’ MG-ADL scores. Smokers are less compliant regarding the
treatment for hypertension (13), hyperlipidemia (14), chronic obstructive pulmonary disease
(15), and other diseases (16); therefore, it is possible that the current and former smokers in
this study were less compliant with MG therapy, which could contribute to a difference in
the MG-ADL scores. There is also the possibility of selection bias and recall bias in
particular pertaining to survey respondent’s smoking history. Additional prospective,
longitudinal studies are warranted to further elucidate the effect of cigarette smoking on the
clinical course of patients with OMG.

Although all of the patients included had ocular symptoms of myasthenia gravis, some (10
of 44) went on to develop generalized symptoms. Nine of 10 patients who developed
generalized symptoms were either former or current smokers. These patients were not
excluded from analysis. Although excluding these patients would have maintained a patient
population that was more purely ocular, this may have compromised the clinical application
of these data because development of generalized symptoms is a part of the natural history
of the disease and can be expected in approximately half of ocular myasthenics (6,17).
Further research is necessary to establish whether cigarette smoking may make a patient
with OMG more likely to develop generalized MG.

We chose to include edrophonium testing and a response to MG medications as supportive
evidence of the diagnosis to include seronegative OMG patients. While specific, the
sensitivity of anti-AChR antibodies for OMG is estimated to be between 0.39 and 0.71 (18).
Relying on the presence of these antibodies solely to make the diagnosis of OMG would
exclude a number of patients who have the disease.
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Refer to Web version on PubMed Central for supplementary material.
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FIG. 1.
Plot of MG-ADL ocular subscore for each smoking group showing that the median

(horizontal bar) is greater for current smokers as compared with former and never smokers
(P=0.007). ADL, activities of daily living; MG, myasthenia gravis.
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Plot of MG-ADL score for each smoking group showing that the median (#orizontal bar) is

greater for current smokers as compared with former smokers and never smokers (P =
0.003). ADL, activities of daily living; MG, myasthenia gravis.
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