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Abstract:

Objective Smoking is a known risk factor for the development and progression of autoimmune diseases.
Previous studies in ocular myasthenia gravis (MG) patients showed that smoking is associated with the sever-
ity of symptoms and progression to generalized MG. However, whether smoking affects MG symptoms in
patients with a broader clinical spectrum of presentations is unknown. Therefore, in this study, the associa-
tions of smoking with the clinical characteristics of MG were analyzed in a cohort of patients including those
with generalized, seronegative, and thymoma-associated MG.

Methods The smoking history was investigated in a cross-sectional study of 187 patients with MG fol-
lowed in a referral hospital for neurology. The association of smoking with MG-activities of daily living
score at survey, the presence of generalized manifestations, and the age of onset was assessed using multiple
regression models.

Results
at survey. However, smoking exposure after MG onset was significantly associated with the presence of gen-
eralized manifestations during the disease course (odds ratio, 3.57; 95% confidence interval, 1.04, 12.3). The
smoking history before or at onset of MG was not associated with the age of onset.

Conclusion Smoking exposure after the onset is associated with generalized manifestations of MG in our
cohort of patients with a broad clinical spectrum of presentations.

Neither current nor prior smoking habit was associated with the MG-activities of daily living score
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assessed by the MG-activities of daily living (ADL) scale in

Introduction

Myasthenia gravis (MG) is an autoimmune disease of the
neuromuscular junction, clinically characterized by early fa-
tigable weakness of the ocular and extraocular mus-
cles (1, 2). Development of MG results from complex inter-
actions between genetic factors, such as polymorphisms of
human leukocyte antigens, and environmental factors, such
as viral infections (1). Smoking is a known risk factor for
the development and/or progression of autoimmune diseases,
including multiple sclerosis, rheumatoid arthritis, and sys-
temic lupus erythematosus (3, 4). A recent study demon-
strated an association between smoking and MG severity, as

ocular MG patients (5). Another recent study showed smok-
ing to be an independent risk factor for progression to gen-
eralized MG in anti-acetylcholine receptor (AChR) antibody-
positive ocular MG patients (6). However, whether smoking
affects MG symptoms in patients with a broader clinical
spectrum of presentations is not yet known. Therefore, in
this study, we analyzed the association of smoking history
with severity of MG symptoms, generalized manifestations,
and age of onset in our cohort of MG patients, including
those with generalized, thymoma-
associated MG.

seronegative, and
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Materials and Methods

Settings and participants

This cross-sectional study was conducted at Hokkaido
Medical Center, which is a referral hospital for neurology
covering approximately 2 million populations. Our clinic is
specialized for neuroimmunological diseases including MG,
and follows patients including relatively severe cases. The
smoking prevalence of the general population in Hokkaido
prefecture was 22.6% (14.8% in women and 31.7% in men)
in 2019 (7). Patient data was collected from 187 consecutive
cases of MG at the outpatient clinic and neurology depart-
ment between August 2019 and November 2019. The en-
rolled patients comprise 85% of the total MG patients fol-
lowed in our clinic. MG was diagnosed based on medical
history and clinical findings, including improvement after
intravenous edrophonium, decremental response to repetitive
nerve stimulation, and the presence of antibodies against
AChR or muscle-specific receptor tyrosine kinase
(MuSK) (2). All participants provided their written informed
consent, and the study was approved by the ethics review
board of Hokkaido Medical Center.

Data collection and variables

A questionnaire was used to investigate the smoking his-
tory of the MG patients. The questionnaire included current
smoking status (never-smoker, ex-smoker, or
smoker), the age at which the patient started smoking, and
the age of smoking cessation in ex-smokers. Severity of MG
symptoms was assessed by one of the authors (YM, IA, SA,
or NM) using the MG-ADL scale. The MG-ADL scale is a
measure of patient-reported symptoms of MG, shown to
have good correlation with objective measures of MG symp-
toms (8, 9). The score ranges from 0-24, with higher score
indicating more severe symptoms (8). Generalized MG was
defined by the presence of any extra-ocular symptoms due
to MG, including dysphagia, dysarthria, neck and/or limb
weakness, and respiratory dysfunction, at any time during
the disease course (2). Therefore, patients who had pre-
sented with generalized symptoms in the past but had only
ocular symptoms at the time of survey were classified as
generalized MG. Baseline information, including patient
demographics, past medical history, and medications, were
collected from medical records.

current

Statistical analyses

Descriptive summaries of patient characteristics are re-
ported as the mean and standard deviation for continuous
variables, and as the number and percentage of patients for
categorical variables. In univariate analyses, the associations
between MD-ADL score and variables were assessed using
Mann-Whitney U test or Kruskal-Wallis test for categorical
variables, and Spearman’s rank correlation for continuous
variables. The associations between the presence of general-

ized manifestations and variables were assessed using
Fisher’s extract test for categorical variables, and Student’s
t-test for age at survey. The difference in age of onset was
analyzed using Student’s r-test. In multivariate analyses, as-
sociations of smoking with MG-ADL score and age of MG
onset were analyzed using linear regression models. The as-
sociation between smoking and presence of generalized
manifestations was assessed using a logistic regression
model. Statistical analyses were performed using the R soft-
ware program version 3.6.3 (10), and p values less than 0.05
were considered to be statistically significant.

Results

Smoking and severity of symptoms

Of the 187 participants, 3 were excluded from the analy-
sis because 1 did not complete the questionnaire, 1 had
hemiparesis due to stroke and her MG-ADL score could not
be appropriately assessed, and 1
Lambert-Eaton myasthenic syndrome after the survey. The
characteristics of the remaining 184 participants are shown
in Table 1. At the time of survey, 83 participants had never
smoked, 74 were ex-smokers, and 27 were current smokers
(Fig. 1). Among the 184 participants, 141 (76.6%) and 3
(1.6%) were positive for anti-AChR or anti-MuSK antibod-
ies respectively, 147 (80.0%) had generalized MG, 55
(30.0%) had thymoma, and 159 (86.4%) were being treated
with steroids and/or immunosuppressants. The never-smoker
group had a significantly higher proportion of women com-
pared with the ex-smoker and current-smoker groups. In
contrast, the current-smoker group was significantly younger
and had a significantly younger age of onset compared with
the other two groups. The other clinical characteristics did
not significantly differ among the three groups.

First, the association of the smoking status with subjective
severity of symptoms at survey was assessed. According to
the univariate analysis, the MG-ADL score did not differ
among the three groups (Table 2). In addition, no differ-
ences were observed in MG-ADL score when only patients
with ocular MG were analyzed (not shown). A multivariate
analysis revealed that the smoking status was not associated
with MG-ADL score even when adjusted for other variables,
including sex, age, disease duration, the presence of anti-
AChR antibody, the presence of thymoma, generalized
manifestations, and use of steroids or immunosuppressants
(Table 2).

turned out to have

Smoking and generalized manifestations

Next, we assessed the association of smoking exposure
after MG onset with the presence of generalized symptoms
during the disease course. In this analysis, the ex-smoker
group was subclassified according to the chronological order
of MG onset and smoking cessation (Fig. 1). Two subjects
were excluded from the analysis because they did not pro-
vide information about their age of smoking cessation.
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Table 1. Patient Characteristics.

Never-smoker ~ Ex-smoker  Current smoker .

(n=83) (n=74) (n=27) p value!

Female (%) 66 (79.5) 26 (35.0) 10 (37.0) <0.0001

Age at survey, years (SD) 60.7 (16.8)* 63.1 (12.0)8 50.4 (13.2) <0.0001
Age of onset, years (SD) 51.3 (20.1)% 52.4 (14.0)% 42.3 (13.8) 0.028
Disease duration, years (SD) 9.45 (10.1) 10.7 (9.90) 8.11 (6.70) 0.449
Anti-AChR antibody (%) 62 (74.1) 61 (82.4) 18 (66.7) 0.204
Generalized (%) 65 (78.3) 60 (81.1) 22 (81.5) 0.889
Thymoma (%) 27 (32.5) 21(28.9) 7 (25.9) 0.779
Steroids or immunosuppressants (%) 69 (83.1) 64 (86.5) 26 (96.3) 0.218

SD: standard deviation, AChR: acetylcholine receptor, Tp value by one-way analysis of variance or Fisher’s ex-

tract test, ¥p<0.05, compared with the current-smoker group (Bonferroni’s correction), 5p<0.01 compared with the

current-smoker group (Bonferroni’s correction).

Consecutive MG cases

n=187
Excluded Incomplete response to questionnaire (n=1)
Hemiparesis (n=1)
Lambert-Eaton myasthenic syndrome (n=1)
n=184

Smoking history at survey

Ex-smoker
n=74

Never smoker
n=83

Current smoker
n=27

n=72

|
Age at smokin:g cessation known

Age at smoking cessation

Before MG onset
n=53

After MG onset

n=19

No-smoking-after-onset
n=136

Smoking-after-onset
n=46

Figure 1.

A schematic diagram showing the classification of patients according to the smoking his-

tory at survey and smoking status after MG onset. MG: myasthenia gravis

Among the 72 ex-smokers, 53 had quit smoking before the
onset of MG, and 19 had quit smoking after the onset. The
83 participants in the never-smoker group and the 53 partici-
pants who had stopped smoking before MG onset were clas-
sified into the no-smoking-after-onset group. The 27 partici-
pants in the current-smoker group and the 19 participants
who had stopped smoking after MG onset were classified
into the smoking-after-onset group. According to the univari-
ate analysis, smoking-after-onset was not associated with
generalized manifestations of MG (Table 3). In logistic re-
gression analysis, smoking-after-onset was significantly as-
sociated with the presence of generalized MG symptoms
(Table 3). A subgroup analysis in anti-AChR antibody posi-
tive subjects showed a significant association between

smoking-after-onset and the presence of generalized symp-
toms [logistic regression model adjusting for gender, age,
presence of thymoma, use of steroids or immunosuppres-
sants; odds ratio, 5.71; 95%confidence interval (CI), 1.82,
21.6, p=0.005].

Given that age at smoking cessation is prone to recall
bias, the presence of generalized manifestations was com-
pared between never-smokers and ever-smokers (ex-smokers
plus current-smokers). Ever-smoking was significantly asso-
ciated with the presence of generalized manifestations when
adjusted for sex, age, presence of anti-AChR antibody, pres-
ence of thymoma, and use of steroids or immunosuppres-
sants (odds ratio, 2.90; 95%CI, 1.04, 8.09, p=0.042).
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Table 2. Univariate and Multivariate Analyses for Factors Associated with MG-ADL Score.

Variables Univariate Multivariate

MG-ADL [median (IQR)]  p value Regression coefficient (95%CI)  p value
(Intercept) 1.77 (-0.43, 3.97) 0.114
Never-smoker 4 (2-6)
Ex-smoker 4 (2-6) 0.21 (-0.69, 1.12) 0.641
Current-smoker 4(3-5) 0.825F 0.22 (-1.01, 1.46) 0.720
Male 3(2-6)
Female 4 (3-6) 0.024 0.71 (-0.20, 1.61) 0.124
Age at survey -0.048% 0.515 0.01 (-0.02, 0.03) 0.697
Disease duration (years) -0.0597% 0.421 0.02 (-0.02, 0.06) 0.322
Anti-AChR antibody-negative 5@3-7)
Anti-AChR antibody-positive 4 (2-6) 0.036 -1.12 (-2.09, -0.15) 0.024
Ocular 3(1-4)
Generalized 4 (2-6) 0.010 0.77 (-0.23, 1.77) 0.129
Non-thymoma 4 (2-6)
Thymoma 4(2-5) 0.730 -0.26 (-1.14, 0.62) 0.559
Without steroid or immunosuppressant 2 (1-4)
With steroid or immunosuppressant 4 (3-6) <0.001 2.13(0.94, 3.31) 0.001

MG: myasthenia gravis, ADL: activities of daily living, IQR: interquartile range, CI: confidence interval, AChR: acetylcholine receptor, 'p value

by Kruskal-Wallis test, *Spearman’s rank correlation coefficient

Table 3. Univariate and Multivariate Analyses for Factors Associated with Generalized Manifestations.

Variables Ocular Generalized Univariate Multivariate

n (%) n (%) OR (95%CTI) p value OR (95%CTI) p value
(Intercept) 0.107 (0.0102, 1.12) 0.062
Smoking-after-onset 4(12.5) 42 (28.0) 2.71(0.871, 11.3) 0.076 3.57(1.04,12.3) 0.043
Female 11 (34.4) 90 (60.0) 2.85(1.21,7.05) 0.011 4.92 (1.83,13.2) 0.002
Age at survey 60.6 (14.8)"  60.0 (15.2)F 0.851 1.01 (0.981, 1.04) 0.436
Anti-AChR antibody 23 (71.9) 117 (78.0) 1.38 (0.513, 3.48) 0.490 1.51 (0.525, 4.34) 0.445
Thymoma 5(15.6) 50 (33.3) 2.69 (0.942,9.48) 0.057 1.37 (0.436, 4.31) 0.590
Steroids or immunosuppressants 19 (59.4) 138 (92.0) 7.73 (2.81,21.7) <0.0001 8.16 (2.81, 23.7) <0.001

OR: odds ratio, CI: confidence interval, SD: standard deviation, AChR: acetylcholine receptor, “mean (SD)

Smoking and the age of onset

Finally, the association of smoking with age of MG onset
was assessed. The 4 participants who had developed MG be-
fore the age of 16 were excluded from the analysis. This
analysis included one participant who was excluded from
the earlier analyses due to the presence of hemiparesis that
developed after the onset of MG. Therefore, a total of 181
participants were analyzed (Fig. 2): 96 who had never
smoked before MG onset (never-smoker-at-onset group), and
85 who had smoked or were smoking at MG onset (ever-
smoker-at-onset group). According to a univariate analysis,
the mean age of onset was comparable between the never-
and ever-smoker-at-onset groups (Table 4). A linear regres-
sion analysis showed that ever-smoking at onset was not as-
sociated with age of onset when adjusted for sex, the pres-
ence of anti-AChR antibody, and the presence of thymoma
(Table 4).

Discussion

This study analyzed the association of smoking history
with three clinical aspects of MG: subjective severity of
symptoms at the time of survey, the presence of generalized
manifestations during the disease course, and age of onset.
First, we did not find an association between the smoking
status and the subjective severity of symptoms at the time of
the survey, as assessed on the MG-ADL scale. However,
smoking exposure after MG onset was significantly associ-
ated with the presence of generalized manifestations during
the disease course. Finally, we did not find an association of
smoking before or at the time of MG onset with age of on-
set.

In contrast to the present results, a previous study showed
a significant association between smoking and the subjective
severity of MG symptoms, where current smokers had the
highest had the lowest MG-ADL
score (5). The reason for this discrepancy is not clear but
may include differences in patient characteristics between

and never-smokers
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Consecutive MG cases

n=187
Excluded Incomplete response to questionnaire (n=1)
Lambert-Eaton myasthenic syndrome (n=1)
Onset of MG < 16 years old (n=4)
n=181

Smoking history at MG onset

Never-smoker-at-onset
n=96

Ever-smoker-at-onset
n=85

Figure 2. A schematic diagram showing the classification of patients according to the smoking his-

tory at MG onset. MG: myasthenia gravis

Table 4. Univariate and Multivariate Analyses for Factors Associated with Age at Onset.

Variables Univariate Multivariate

Mean (SD)  p value Regression coefficient (95%CI) p value
(Intercept) 50.0 (42.9, 57.0) <0.0001
Never-smoker-at-onset 51.7 (19.0)
Ever-smoker-at-onset 51.1(13.4) 0.788 -3.67 (-8.82, 1.48) 0.162
Male 54.3 (14.1)
Female 49.0 (17.5) 0.028 -4.87 (-10.3, 0.535) 0.077
Anti-AChR antibody-negative ~ 44.4 (14.1)
Anti-AChR antibody-positive 53.5(16.3) 0.001 9.28 (3.54, 15.0) 0.002
Non-thymoma 52.2 (16.6)
Thymoma 49.5 (15.4) 0.313 -3.65 (-8.96, 1.66) 0.176

SD: standard deviation, CI: confidence interval, AChR: acetylcholine receptor

the two studies. The previous study was performed at a
neuro-ophthalmological clinic and recruited patients whose
initial diagnosis was ocular MG (5). Although patients who
developed generalized manifestations between the initial di-
agnosis and the survey were also included, the proportion of
such patients was substantially lower in that study than in
our study (23% vs. 80%). However, our subgroup analysis
in ocular MG patients did not find an association between
smoking and the MG-ADL score. In addition, differences in
other patient characteristics might also be relevant, including
disease duration, presence of thymoma, and use of immuno-
suppressants, although our multivariate analysis, which ad-
justed for these factors, was still negative. The nature of the
MG-ADL scale may also have contributed to this inconsis-
tency. The MG-ADL scale is a well-validated tool for as-
sessing subjective severity of MG symptoms (8, 9), and has
been used as a major outcome in multiple randomized con-
trolled trials as well as observational studies. However, it is
not an objective scale for muscle fatigue or a direct measure
of the neuromuscular junction function, and its sensitivity
for detecting differences in muscular function might differ
between ocular and systemic muscles.

In contrast, the significant association between smoking
exposure after MG onset and generalized manifestations ob-
served in our study was in line with a recent study showing

smoking as a risk factor for generalization in ocular MG pa-
tients (6). These results suggest a detrimental role of smok-
ing in the development of extraocular manifestations, al-
though no conclusion can be drawn regarding causality from
these observational studies. Smoking has been shown to be
associated with the development and/or progression of sev-
eral autoimmune diseases (3, 4). Multiple pathways, includ-
ing alterations of the cytokine levels, modulation of cellular
and humoral immunity, induction of tissue damage, and
anti-estrogenic effect, have been proposed as underlying
mechanisms (4). In rheumatoid arthritis and systemic lupus
erythematosus, smoking was shown to be associated with
positivity of autoantibodies (4). Likewise, smoking might
augment humoral immunity and lead to the development of
generalized manifestations in MG. Another possible underly-
ing mechanism is the pharmacological effect of nicotine on
AChR. It has been suggested that prolonged exposure to
nicotine causes desensitization or even permanent inactiva-
tion of AChR (11). Interestingly, an exacerbation of MG by
transdermal application of nicotine has been reported (12).
Thus, it is reasonable to speculate that chronic systemic ex-
posure to nicotine by smoking might manifest as abnormal
neuromuscular transmission in extraocular muscles, which
would have remained subclinical without smoking. Whether
smoking cessation leads to an amelioration of generalized
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manifestations in MG is an important issue to be investi-
gated in future interventional studies. In addition, since MG
patients with prolonged exposure to steroids generally have
increased risks for cardiovascular diseases, these patients
should be strongly advised to quit smoking.

The observed significant association of smoking with gen-
eralized manifestations might seem discrepant with the nega-
tive finding in the analysis of MG-ADL score. We believe
that this is due to the difference in the time frame in which
these 2 outcomes were assessed: generalized symptoms pre-
sent at any time during the disease course was taken into ac-
count, while MG-ADL score was assessed at the time of
survey.

We analyzed the association between smoking and age at
MG onset, under the assumption that if smoking could trig-
ger MG development, patients with a history of smoking
would develop MG at younger ages. Although we could not
find such an association in the present study, the relationship
between smoking and MG development remains a valid hy-
pothesis to be investigated in future studies because it can
be inferred from other autoimmune diseases (3, 4). Indeed,
recent studies have pointed out that smoking was more
prevalent in MG patients compared to the general popula-
tion (13, 14).

As an observational study, this study is not free from
limitations. First, as study performed in a referral hospital,
our cohort may not be a representative of MG patients in
general, since it contains not a few numbers of intractable
cases, thymoma associated MG, and those with comorbidi-
ties. Second, the severity of MG symptoms was evaluated
by a subjective scale and were not confirmed by other scales
that include objective assessments, such as quantitative MG
score, MG composite scale, or post-intervention status. In
addition, because the smoking history was obtained from pa-
tients via questionnaire, the information might be subject to
some recall bias. In particular, uncertainty about the age at
smoking cessation might have affected our results showing
the association between smoking and generalized manifesta-
tions. However, the consistent finding in the analysis com-
paring never and ever smokers supports the robustness of
our results. Third, because we do not have reliable informa-
tion about the amount of tobacco consumption for each pa-
tient, dose responsiveness could not be evaluated, and there-
fore this point needs to be assessed in future studies. Fi-
nally, the influence of potential confounders associated with
smoking habit such as alcohol, diet, sleep habits, sports and
other leisure activities could not be evaluated in our study.
On the other hand, the strength of our study derives from its
relatively large number of participants compared with previ-
ous studies, as well as the inclusion of patients with various
clinical presentations, which contributes to the generalizabil-
ity of our results.

In conclusion, smoking exposure after the onset of MG

was significantly associated with generalized manifestations.
However, we did not find an association between the smok-
ing history and the subjective severity of symptoms at the
time of the survey or the age of onset in our cohort.
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