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Objective: This study investigated the causes of death among patients with myasthenia gravis (MG), with
emphasis on respiratory tract and cardiac disease.
Methods: The Norwegian Cause of Death Register contains information on all deaths among Norwegian
citizens. In total, 249 deceased patients with MG were identified (1951–2001). These were compared with
1245 controls deceased in the same period and matched for sex and year of birth.
Results: The death certificates of patients with MG had a significantly higher occurrence of respiratory tract
disease as cause of death than controls (28.1% v 20.9%, p = 0.012). The difference was most pronounced
for male patients, for patients dying between 30 and 69 years of age, and for deaths occurring before
1996. For cardiac disease there was a significantly lower occurrence among patients with MG than
among controls at 50–69 years of age, for both men (19.4% v 52.0%, p = 0.001) and women (14.6% v
29.6%, p = 0.036). Age and year of death were important determinants for the causes of death, but could
not account for the differences between the patients with MG and controls.
Conclusions: This study shows that patients with MG dying between 1951 and 1995 had a higher
occurrence of respiratory tract disease listed as cause of death than had a matched control group. The lack
of difference after 1995 probably reflects improved treatment of MG and its complications. The reduced
occurrence of cardiac disease among patients with MG is probably explained by competing factors
(respiratory tract disease) causing death.

M
yasthenia gravis (MG) is an autoimmune disease
causing increased fatigue and weakness in voluntary
muscles. About 85% of patients with MG have

circulating antibodies against postsynaptic nicotinic acetyl-
choline receptors (AChR) in the neuromuscular junction.1 Six
MG subgroups have been identified:2 (a) ocular MG has
purely ocular symptoms; (b) early onset MG starts before the
age of 40–50 years, has a 2:1 female predominance, and is
associated with thymus hyperplasia; (c) late onset MG,
starting after 40–50 years of age, is associated with thymus
atrophy and is equally common among men and women; (d)
thymoma MG is a paraneoplastic disease and accounts for
10–15% of patients with MG; seronegative MG includes (e)
the anti-muscle specific receptor tyrosine kinase (MuSK) and
(f) non-AChR-non-MuSK antibody forms of MG and
accounts for 10–20% of patients with MG. Patients in the
anti-MuSK group have antibodies to MuSK in the cell
membrane3; non-MuSK seronegative MG is probably caused
by as yet unidentified muscle antibodies.4

The prevalence of MG has been reported to be up to 17.5
per 100 000, with a rise in prevalence over time, caused by
prolonged patient survival not accompanied by a rise in
incidence.5 The reported prevalence of MG in Norway in the
time period examined was 9.0–9.6 per 100 000.6 7 The disease
has two prevalence peaks, one between 20 and 40 years,
dominated by women, and the other between 70 and
80 years, without any gender predominance.

Life expectancy among patients with non-thymoma MG
has previously been shown to be slightly reduced compared
with the general population.8 Although routinely performed,
the beneficial effect of thymectomy for non-thymoma MG
has not been proven by randomised and controlled studies.9

Patients with MG caused by thymoma have a less favourable
survival than patients with non-thymoma MG, due to
malignancy from the thymic changes with higher incidence
of a second malignancy, complications of surgery, and

associated autoimmune diseases.10–12 Up to 40% of patients
with MG experience respiratory problems during their
disease period.13 Treatment with ACh-esterase inhibitors,
immunosuppressants, plasma exchange, and intravenous IgG
has dramatically changed the life of patients with MG, with a
decrease in mortality and an increase in prevalence. Of
similar importance is modern intensive medical care.
Nevertheless, respiratory function remains a major challenge
in the management of MG.

The Norwegian Cause of Death Register has registered all
deaths for the Norwegian population since 1951. With data
collected over a period of more than 50 years, the register
makes it possible to examine causes of death and changes of
these causes within a complete population.

In this study, we examined all deaths between 1951 and
2001 of patients with a diagnosis of MG on their death
certificate. Our aim was to investigate whether patients with
MG had different causes of death than comparable controls,
whether or not these causes could be linked to the patients’
MG, and whether or not the causes of death for patients with
MG have changed over the years because of improved
treatment.

METHODS
The Norwegian Cause of Death Register registers all deaths
among people recorded as having their permanent residence
in Norway at time of death, whether they died in Norway or
abroad. It contains electronically stored reports of all deaths
since 1951. By the Norwegian Health Personnel Act, doctors
are obliged to report deaths on a standardised form, sending
the information to the Cause of Death Register.14 15 To ensure
accurate and complete information, the information gained

Abbreviations: AChR, acetylcholine receptor; ICD, International
Classification of Diseases; MG, myasthenia gravis; MuSK, muscle
specific receptor tyrosine kinase
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through death certificates is cross linked to deaths registered
in the Central Population Register. In instances where the
death certificate contains inadequate information, this
information will be retrieved by the Cause of Death
Register, and the municipality doctor in the area where the
death occurred will be prompted to clarify the medical history
and correct diagnoses. A medical consultant is engaged to
ensure that the information on the certificates is adequate.

The diagnoses on the death certificates were given in
accordance with the latest available version of the
International Classification of Diseases (ICD) at the time of
death. During the period 1951–2001, different ICD versions
were used: ICD 7 (1951–1968), ICD 8 (1969–1985), ICD 9
(1986–1995), and ICD 10 (1996–2001). Major revisions of the
classification were performed in 1969 and 1996, and a minor
revision in 1986.

The search was conducted among the 1 992 342 deaths
registered during 1951–2001, using the ICD specific diagnosis
for MG through the consecutive versions of the classification:
744.0 (ICD-7), 733.0 (ICD-8), 358.0 (ICD-9), and G70.0 (ICD-
10). In total, 249 patients (149 female and 100 male patients)
were identified with a diagnosis of MG on their death
certificate. For each patient, five deceased controls of the
same sex and with the same year of birth were selected,
regardless of year of death, giving a total of 1245 controls
(745 female and 500 male patients). If a control also had MG
(thus also being found among the patients) they would have
been excluded as a control and a new control drawn, but in
fact, there were no such cases. Of the 249 patients, 13 (5.2%)
were reported with a thymoma. These patients were included
in all analyses.

The register provided information about sex, years of birth
and death, one underlying cause of death, and contributing
cause(s) of death (0–2 up to 1968, 0–4 between 1969 and
1995, and 0–6 after 1996). In the raw data, causes of death
were presented as individual diagnoses according to the ICD
classification. The diagnoses of interest were then grouped
together into several major categories for further examina-
tion. Each individual patient and control could be included in
more than one category, but could only count as one in each
category; for example, a patient dying from pneumonia as an
underlying cause of death, and having heart infarction and
asthma as contributing causes, would count as one in the
respiratory tract disease category and as one in the cardiac
disease category. Patients and controls were also grouped into
four categories based on year of death; 1951–1968, 1969–
1985, 1986–1995, and 1996–2001, corresponding to the
periods where different ICD versions were used. Patients
and controls were also grouped according to age at death:
0–29, 30–49, 50–69 and >70 years.

Differences in causes of death between patients and
controls were examined using the x2 test. Two sided p values

,0.05 were considered statistically significant. For compar-
ison of the number of diagnoses, the Mann-Whitney U test
was used. Unconditional logistic regression analyses were
performed to adjust for age at death where data were
stratified for year of death and to adjust for year of death for
data stratified for age at death. In this analysis, age at death
and year of death were included as categorical variables. The
statistical analyses were performed with SPSS software
(version 12.0.1; SPSS Inc., Chicago, IL, USA).

RESULTS
Our data show a higher occurrence of respiratory tract
disease as an underlying or contributing cause of death
among patients with MG than among controls; 28.1% for
patients with MG compared with 20.9% for controls
(p = 0.012; table 1). Men in the age group 30–69 years and
women in the age group 50–69 years were responsible for
this difference (table 2). Furthermore, the findings for the
men were due to increased mortality from respiratory tract
disease prior to 1996 (table 3), whereas there was no
difference in the period 1996–2001. For women, the
occurrence of respiratory tract disease as a cause of death
did not differ significantly when stratifying for year of death
(table 3). However, there was a tendency towards more
women with MG to have died from respiratory tract disease
compared with controls before 1985. The majority of
respiratory tract disease diagnoses consisted of infections
such as pneumonia and influenza (table 4).

For cardiac disease there was a significantly lower
occurrence among patients with MG than controls in the
age group 50–69 years, for both men (19.4% v 52.0%,
p = 0.001) and women (14.6% v 29.6%, p = 0.036) (table 2).
The overall occurrence of cardiac disease was significantly
lower among patients with MG than controls (table 1).
Similarly, overall data for cerebrovascular disease showed
significantly lower occurrence in patients than controls
(10.0% v 18.2%, p = 0.002). The difference between patients
and controls was most pronounced for women with MG aged
.70 years (table 2).

Both men and women with MG showed a significantly
lower occurrence of malignancy as cause of death compared
with controls (11.1% in patients v 22.2% in controls for men
p = 0.011; 7.4% v 30.6% for women, p ,0.001). Logistic
regression analyses adjusting for year of death (table 2) and
age at death (table 3) respectively, did not change these
results. Both male and female controls had a higher median
age and a wider age range at death than the patients (table 5).

Both patients and controls had an increase in number of
diagnoses from the earliest (1951–1968) to the latest (1996–
2001) recording period (change in mean number of diagnoses
for patients was 1.36 to 3.37, p,0.001; for controls 1.23 to
2.46, p,0.001). For deaths after 1968, patients with MG had
a significantly higher mean number of diagnoses than the
controls (table 6).

DISCUSSION
Our data show that patients with MG are more likely than
controls to die of respiratory tract disease, most likely because
of the direct effect of MG on respiratory muscle function.
Dysphagia and respiratory failure are factors known to be
associated with MG, and several reports have highlighted the
importance of dysphagia and aspiration precipitating a
myasthenic crisis.16 17 Respiratory failure can even be a first
presentation of MG.18 Maximum voluntary ventilation has
been shown to be only 65–75% of expected value in patients
with MG with mild or moderate disease (Osserman grade IIa
and IIb),19 illustrating that many patients with MG have a
mild respiratory impairment without respiratory symptoms
or clinically diagnosed respiratory insufficiency. Dysphagia

Table 1 Frequencies of underlying and contributing
causes of death reported on death certificate

Disease category
Patients
(n = 249)

Controls
(n = 1245) p

Respiratory tract 70 (28.1) 260 (20.9) 0.012*
Cardiac 72 (28.9) 540 (43.4) ,0.001*
Malignant 22 (11.2) 339 (27.2) ,0.001*
Cerebrovascular 25 (10.0) 227 (18.2) 0.002*
Gastrointestinal 12 (4.8) 67 (5.4) 0.72
Neurological, not MG 11 (4.4) 50 (4.0) 0.78
Diabetes mellitus 13 (5.2) 86 (6.9) 0.33
Urinary tract 4 (1.6) 44 (3.5) 0.12

Number (%) is given for each group (patients or controls). The two groups
were compared with the Pearson x2 test. *Statistical significance.
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and weakness of the respiratory muscles increase suscept-
ibility to infections, and an infection can itself increase the
pre-existing dysphagia and respiratory weakness. This
combination of muscle weakness and infection may cause
serious illness and even death in patients with MG. Timely
immunotherapy and respiratory support is needed in case of
development of myasthenic crisis, and advances in intensive
care have reduced mortality from 75% to ,5% over the last
four decades.20–23

Our study shows that these effects of MG have a direct
impact on the reported causes of death for patients dying

before the age of 70 years. At ages over 70 years, the
difference in susceptibility to serious respiratory tract disease
between patients with MG and controls disappears, owing to
the high rate of such disease in dying individuals irrespective
of any coexisting diseases. However, there is evidence that
MG is underdiagnosed in elderly people.24 25 A correct
diagnosis of MG in this group could change the results,
although not necessarily increasing the occurrence of
respiratory tract disease among patients with MG.

The study shows that improved treatment has reduced the
deaths due to respiratory tract disease for patients with MG.

Table 2 Major groups of diseases stratified for sex and age at death, comparison between patients with MG and matched
controls

Age at death
Male patients
(n = 100)

Male controls
(n = 500) p

Female patients
(n = 149)

Female controls
(n = 745) p

Respiratory tract disease
0–29 years 0/2 0/10 1/4 (25.0) 0/14 0.05
30–49 years 3/6 (50.0) 1/25 (4.0) 0.003* 4/22 (18.2) 4/50 (8.0) 0.21
50–69 years 12/36 (33.3) 14/127 (11.0) 0.001* 14/48 (29.2) 24/179 (13.4) 0.009*
>70 years 20/56 (35.7) 89/338 (26.3) 0.15 16/75 (21.3) 128/502 (25.5) 0.44
Total 35/100 (35.0) 104/500 (20.8) 0.002* 35/149 (23.5) 156/745 (20.9) 0.49

Cardiac disease
0–29 years 0/2 0/10 0/4 1/14 (7.1) 0.58
30–49 years 0/6 8/25 (32.0) 0.11 2/22 (9.1) 6/50 (12.0) 0.72
50–69 years 7/36 (19.4) 66/127 (52.0) 0.001* 7/48 (14.6) 53/179 (29.6) 0.036*
>70 years 22/56 (39.3) 179/338 (53.0) 0.06 34/75 (45.3) 227/502 (45.2) 0.99
Total 29/100 (29.0) 253/500 (50.6) ,0.001* 43/149 (28.9) 287/745 (38.5) 0.026*

Malignant disease
0–29 years 0/2 0/10 0/4 3/14 (21.4) 0.31
30–49 years 0/6 3/25 (12.0) 0.37 1/22 (4.5) 23/50 (46.0) 0.001*
50–69 years 4/36 (11.1) 36/127 (28.3) 0.034* 5/48 (10.4) 93/179 (52.0) ,0.001*
>70 years 7/56 (12.5) 72/338 (21.3) 0.13 5/75 (6.7) 109/502 (21.7) 0.002*
Total 11/100 (11.0) 111/500 (22.2) 0.011* 11/149 (7.4) 228/745 (30.6) ,0.001*

Cerebrovascular disease
0–29 years 0/2 0/10 0/4 1/14 (7.1) 0.58
30–49 years 1/6 (16.7) 2/25 (8.0) 0.52 0/22 5/50 (10.0) 0.12
50–69 years 1/36 (2.8) 15/127 (11.8) 0.11 3/48 (6.3) 17/179 (9.5) 0.48
>70 years 10/56 (17.9) 66/338 (19.5) 0.77 10/75 (13.3) 121/502 (24.1) 0.038*
Total 12/100(12.0) 83/500 (16.6) 0.25 13/149 (8.7) 144/745 (19.3) 0.002*

The fraction, as well as the percentage (in brackets), shows the occurrence of the disease compared with all deceased individuals of the same sex who died in the
same time period. * Pearson x2 tests were used. Statistical significance.

Table 3 Major groups of diseases stratified for sex and time of death, comparison between patients with MG and matched
controls

Age at death
Male patients
(n = 100)

Male controls
(n = 500) p

Female patients
(n = 149)

Female controls
(n = 745) p

Respiratory tract disease
1951–1968 4/19 (21.1) 1/36 (2.8) 0.025* 5/36 (13.9) 5/74 (6.8) 0.22
1969–1985 16/39 (41.0) 39/182 (21.4) 0.010* 13/44 (29.5) 40/193 (20.7) 0.21
1986–1995 10/23 (43.5) 54/258 (20.9) 0.013* 9/42 (21.4) 84/377 (22.3) 0.90
1996–2001 5/19 (26.3) 10/24 (41.7) 0.29 8/27 (29.6) 27/101 (26.7) 0.76
Total 35/100 (35.0) 104/500 (20.8) 0.002* 35/149 (23.5) 156/745 (20.9) 0.49

Cardiac disease
1951–1968 1/19 (5.3) 13/36 (36.1) 0.013* 2/36 (5.6) 13/74 (17.6) 0.09
1969–1985 8/39 (20.5) 107/182 (58.8) ,0.001* 14/44 (31.8) 81/193 (42.0) 0.22
1986–1995 13/23 (56.5) 120/258 (46.5) 0.36 15/42 (35.7) 149/377 (39.5) 0.63
1996–2001 7/19 (36.8) 13/24 (54.2) 0.26 12/27 (44.4) 44/101 (43.6) 0.94
Total 29/100 (29.0) 253/500 (50.6) ,0.001* 43/149 (28.9) 287/745 (38.5) 0.026*

Malignant disease
1951–1968 0/19 7/36 (19.4) 0.040* 0/36 32/74 (43.2) ,0.001*
1969–1985 2/39 (5.1) 34/182 (18.7) 0.038* 5/44 (11.4) 62/193 (32.1) 0.006*
1986–1995 5/23 (21.7) 62/258 (46.5) 0.81 0/42 105/377 (27.9) ,0.001*
1996–2001 4/19 (21.1) 8/24 (33.3) 0.37 6/27 (44.4) 29/101 (28.7) 0.50
Total 11/100 (11.0) 111/500 (22.2) 0.011* 11/149 (7.4) 228/745 (30.6) ,0.001*

Cerebrovascular disease
1951–1968 1/19 (5.3) 2/36 (5.6) 0.96 0/36 6/74 (8.1) 0.08
1969–1985 5/39 (12.8) 32/182 (17.6) 0.47 5/44 (11.4) 36/193 (18.7) 0.25
1986–1995 2/23 (8.7) 47/258 (18.2) 0.25 5/42 (11.9) 82/377 (21.8) 0.14
1996–2001 4/19 (21.1) 2/24 (8.3) 0.23 3/27 (11.1) 20/101 (19.8) 0.30
Total 12/100 (12.0) 83/500 (16.6) 0.25 13/149 (8.7) 144/745 (19.3) 0.002*

The fraction, as well as the percentage (in brackets), shows the occurrence of the disease compared with all deceased individuals of the same sex who died in the
same time period. Pearson x2 tests were used. *Statistical significance.
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Deaths among male patients before 1996 were more
commonly related to respiratory tract disease than after
1996, reflecting the development in MG therapy. In the early
1950s, pyridostigmine became the drug of choice for
symptomatic MG treatment. Two decades later the use of
oral prednisone for MG showed beneficial effects. This was
later widely combined with the chemotherapeutic drug
azathioprine, followed by many alternative immunosuppres-
sive drugs. Plasma exchange has been used for over 30 years,
and, from the mid-1980s, the equally effective intravenous
immunoglobulin. The role of thymectomy for patients with
non-thymoma MG has not been proven by randomised
controlled trials, but is regarded as the main reason for the
improved prognosis of MG in these patients. Early treatment
in intensive care units is necessary in MG exacerbations and
threatening crises.26

Cardiac involvement in MG has been suggested. Unspecific
ECG changes in MG, such as terminal notching of the QRS
complex and prolonged QT intervals can occur,27 28 as well as
myocarditis and disorders of rhythm.29 30 One study has
shown impaired diastolic filling in patients with MG, which
is normalised by pyridostigmine, indicating a subclinical
functional disturbance due to MG.31 Cardiac involvement in
MG has been linked to the presence of a thymoma.
Thymomas can produce both neoplastic invasion and
infiltration of the heart and its surrounding structures and
paraneoplastic myocarditis with disorders of rhythm.32–34

However, the unselected patients in our present study,
representing all deaths from MG in Norway, were less
frequently reported to have cardiac disease as an underlying
or contributing cause of death than were controls. We find it
unlikely that patients with MG should be protected from
cardiac disease, and predict that the higher frequency in the
controls is the result of competition between causes of death;
individuals not having respiratory tract disease as a cause of
death must have another cause of death, and in any western
population cardiac disease is most likely. If MG related
cardiac disease exists, it is probably mild and/or rare.
Similarly, the low occurrence of death due to malignant
disease in this study is most probably a result of competing
risk, an even more likely scenario because paraneoplastic MG
due to a thymoma increases the death risk through several

mechanisms, especially when RyR antibodies are pre-
sent.11 12 35

The increase in number of diagnoses on the death
certificates shows an increased appreciation of the impor-
tance of comorbidity. Patients with MG dying later than 1969
had a significantly higher number of diagnoses, underlying
and contributing, than did the controls. After 1996, patients
with MG and controls had the same number of non-MG
diagnoses, indicating that the MG is added to the causes of
death found in the general population, and perhaps is less
relevant as contributing to death than in previous time
periods.

All deaths in Norway over a 50 year time period were
examined. Given the specificity of the MG diagnosis in the
ICD system, false positive cases are not likely to be present in
our material. With a MG prevalence of 9.6 per 100 000, the
identification of 249 dead patients in a total population of
1 992 342 (12.5 per 100 000 deaths), indicates a reliable
inclusion of patients. If some patients with MG were missed
because of incomplete diagnosis on the death certificates, this
would not influence the comparison between the patients
and the control group as MG is such a rare disease. The
design of this study did not allow for identification of
individual patients or controls, and it was therefore impos-
sible to validate their diagnoses at time of death. Death
certificates represent a standardised document of high
medical and legal importance in Norway. Even so, they are
sometimes completed in settings where it is inevitable that a
complete knowledge of a patient’s history or the full
appreciation of all underlying medical conditions is missing.

The patients had a lower median age than the controls, and
the age range also differed between the groups. This reflects
the typical onset of MG in adult life, and therefore necessarily
with a narrower spread of age at death. Such an age at death
limitation does not apply to the controls. Our data do not
provide information about life expectancy of patients with
MG as we studied only deceased patients.

This study shows that patients with MG have an increased
risk for severe respiratory tract disease. Until recently, such
disease was a major cause of death for patients with MG, but
new medical treatment seems to have reduced respiratory
disease mortality in patients with MG to a near to normal level.
Cardiac involvement in MG is not a significant death risk.
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