


Table 1. Number and average annual incidence per lo0,OOO population for ALS: Rochester, Minnesota, 
1925-1977 

at least 1 year before the onset of symptoms. More 
than 500 patient records were retrieved from the 
medical indexing file, and were reviewed for possi- 
ble inclusion in the study of the years 1925 
through 1977. Autopsy records and death certifi- 
cates were also examined, but these revealed no 
cases of ALS that were not already available from 
the medical index. 

During the period 1925 through 1977, 35 resi- 
dents (18 males and 17 females) were identified 
with an accepted diagnosis of ALS. Only those who 
were residents of Rochester at onset were included. 
All but one patient were also residents of Roches- 
ter at the time of diagnosis (one patient had moved 
from Rochester to a nearby farm after he developed 
weakness and could no longer work as a mechanic, 
but this change occurred before he sought medical 
attention). All patients were seen and their condi- 
tion diagnosed by a t  least one Mayo Clinic 
neurologist, and the records were subsequently 
reviewed by us. In 17 cases, there was autopsy 
confirmation of the diagnosis. Twenty-three pa- 
tients had an electromyogram (EMG), and in all 
but 1 the findings were consistent with ALS. The 
one patient who had normal findings had only 
bulbar palsy at the time of the examination, and 
bulbar muscles were not tested on the EMG. Sub- 
sequently, autopsy showed findings consistent 
with ALS. Two additional residents probably had 
ALS, but they were subsequently excluded from 
analysis because review of the course and as- 
sociated diseases suggested that they did not fulfill 
our diagnostic criteria. 

Results. The mean annual incidence rates per 
100,000 population were 2.1 for men, 1.6 for 
women, and 1.9 for the sexes combined (table 1). 
The rate, adjusted by age to the United states 
white population of 1950, was 1.76 per 100,000 
population. The observed incidence rates showed a 
slight increase during the 53-year period, but be- 
cause of the small sample size, no conclusion con- 
cerning the trend can be made. 

The numbers of males and females in the study 
were nearly the same, but because Rochester has a 
greater female population, the rates by sex, when 
adjusted to a standard population, show a higher 
rate for men. The age-adjusted incidence was 2.3 
for men and 1.4 for women. The ratio of incidence 
rates for men to women was 1.6. 

The age at onset of ALS ranged from 48 to 88 
years, with a median of 66 years (figure 1). There 
was no significant difference in age at onset by sex. 
The median age at onset of the 18 men was 65.5 
years, and the range was from 48 to 88 years. The 
median age at onset of the 17 women was 68 years, 
and the range was from 49 to 76 years. 

The observed incidence rates increased with ad- 
vancing age (table 2). However, the series is small, 
and, although suggestive, the rates in the age 
groups over 54 years did not differ significantly. 
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Figure 1 .  Ages at onset of ALS for 35 patients, 
Rochester, Minnesota, 1925 through 1977. 
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Table 2. Incidence and average annual incidence rate by age for ALS: Rochester, Minnesota, 1925-1977 

The rate in the group 45 to 54 years df age was 
significantly @I < 0.01) less than that for the older 
groups. 

The interval between the onset of symptoms and 
the first clinic visit ranged from 2 weeks to 62 
months. The median interval was 7.5 months. Two 
patients waited more than 2 years before they had 
their symptoms evaluated. No significant sex dif- 
ference was demonstrated for the interval from 
onset to first evaluation, although women tended 
to seek medical care a little sooner than men. 

The survivorship curve of the 35 patients (figure 
2) demonstrated that the median survivorship was 
22.5 months. The range from onset to death was 
9.5 months to 10 years. Two years after onset, the 
relative survivorship of those less than 65 years 
old at  onset was 7w0, whereas for the older group it 
was 28%. Two patients were still alive at last 
follow-up; one had survived 13.2 months and the 
other 32.9 months. 

No patient in this series reported a family his- 
tory of ALS. 

There was no significant difference in median 
survivorship (21.2 versus 22.6 months) or median 
age at onset (66.5 versus 69 years) in patients who 
described bulbar symptoms at onset and patients 
who had limb weakness as the initial symptom. 

Clinical and pathologic features. The clinical 
features at onset and during the course of illness 
were similar to  those generally described for ALS. 
Details are included in the appendix table. All 
these patients exhibited pyramidal tract signs as 
well as signs of motor neuron degeneration on at 
least one neurologic examination. There was no 
case of progressive muscular atrophy. Eight pa- 
tients described symptoms of bulbar musculature 
alone as their initial complaint, but only two ex- 
hibited bulbar signs alone at the time of the first 
neurologic examination, and only one patient had 
only bulbar signs through a second neurologic 
examination. However, even the latter patient 
showed evidence of more widespread motor neuron 
involvement at postmortem. 

Sensory symptoms (pain) were noted by several 

patients (seven patients, or 20%, on the first 
examination; three patients, or l W o ,  on the second 
examination). Sensory signs, predominantly loss 
of distal vibration sense, were also noted in several 
patients but were felt to be compatible with their 
age. 

Eighteen of the 33 patients who died underwent 
autopsy. Fourteen autopsies were done at the 
Mayo Clinic; the findings were reviewed by one of 
us (H.O.) and were compatible with ALS. All 14 
autopsies revealed anterior horn cell degenera- 
tion, and 8 also showed definite pyramidal tract 
demyelination; the other 6 showed predominantly 
anterior horn cell involvement. Of the four cases in 
which autopsy was done at other institutions, 
there were no neuropathology reports or specimen 
sections in one case; in the other three cases, the 
reports described the changes of ALS. In two of 
these, specimen sections were reviewed and re- 
vealed anterior horn cell degeneration and, in one 
case, demyelination of the long motor tracts. In the 
autopsies we reviewed, there were no abnor- 
malities in the posterior columns, Clark’s column, 
or spinocerebellar tract, nor were any neurofibril- 
lary tangles or hyaline inclusions found in the 
spinal cord. 
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Figure 2 .  Survival of 35 patients with ALS, Rochester, 
Minnesota, 1925 through 1977, compared with 
expected survival. 
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For 30 (91%) of the 33 deceased patients, the 
death certificates listed ALS as a cause of death. 
One death certificate noted “ascending paralysis of 
the lower extremities” as a contributory cause, and 
two reports made no mention of any neurologic 
abnormality. Twenty-six of the 30 had ALS listed 
as the primary cause of death, and the others had it 
listed as a contributory cause. In view of the high 
correlation between certification of cause of death 
and clinical diagnosis, it should be noted that most 
of the Rochester death certificates were completed 
by Mayo Clinic pathologists who had access to the 
patients’ medical records as well as the pathologic 
findings when the autopsy was done. 

The appendix includes a list of occupations of the 
patients and an account of prior and associated 
injuries, diseases, toxins, and radiation. 

Discussion. Rochester, Minnesota, has been the 
source of previous but more limited studies on the 
epidemiology of ALS.4*5 In the present study, we 
extended the period covered from 40 to 53 years; 
because of the rapid growth of the Rochester popu- 
lation, this increased the number of patients from 
17 to 35. 

The average annual incidence per 100,000 popu- 
lation, age-adjusted to the 1950 United States 
white population, was 1.8. These results are 
slightly higher than those reported in the previous 
Rochester study, in which the rate was 1.3. Zack, 
Levitt, and Schoenberg6 identified 3 1 patients 
with ALS and reported an incidence of 1.3 per 
100,000 population for Lehigh County, Pennsyl- 
vania, between 1968 and 1975; theirs is the only 

other incidence study from the continental United 
States. In other studies from Hawaii, Europe, Is- 
rael, and Mexico, the reported rates varied from 
0.2 to 1.4 per 100,000 (table 3). Lower incidence 
figures were reported in European and Mexican 
studies, but case ascertainment may have been 
incomplete because of the hospital-based methods 
employed. l 5  However, none of the North American 
and European incidence rates approach those of 
Guam16 and the Kii Peninsula of Japan.” 

The observed incidence rates in Rochester in- 
creased with increasing age, but in the small series 
the increase in the subgroups over 55 years of age 
was not statistically significant. Many series from 
referral centers have noted a decline in the 
number of patients after about age 55,19*20 but 
these do not include reference to the populations at 
risk and cannot be interpreted in a manner appli- 
cable to  rates. Kurland, Choi, and Sayre5 exam- 
ined the United States mortality figures for 1959 
to 1961 and found that the age-specific rates for 
ALS also increased with age and reached a peak a t  
about 70 years for white men and women and non- 
white men and then declined. Whether the age- 
specific rates for ALS do increase with age 
throughout adult life is still open to question. 

Our study covered 53 years; there was a slight 
but not statistically significant increase in the in- 
cidence rates during this time. There was no in- 
crease in the proportion of younger subjects as 
reported by Aimard and associates. 

The ma1e:female ratio of age-adjusted rates was 
1.6. This ratio is smaller than the 2 to 2.5 ratio 
given in some clinical series. l8-2o Population 

Table 3. Population surveys of motor neuron disease 
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studies have given conflicting results, as would be 
expected when the total number of cases is small. 
Most series report a preponderance of men. 1013,21 

The sex ratio of our population was similar to that 
given in the United States mortality rates for 
ALS5 and the National ALS Foundation Registry.2 
Our data showed a continued strong male pre- 
dominance in the incidence rates of those age 65 or 
older (1.87:1), whereas the National ALS Founda- 
tion Registry showed a 1:l ratio in the incidence 
rates for those older than 65 years. 

None of the cases in our small series reported a 
familial history of ALS. Reports from clinical 
series2922 indicate that about 5% to 10% of patients 
with ALS have a family history; these are usually 
compatible with an autosomal dominant pattern of 
inheritance. However, those reports may reflect 
greater awareness of the disease in members of 
af€ected families, who in turn may seek medical 
care in the type of referral centers from which 
clinical publications emanate. 

The age at onset of ALS ranged from 48 to 88 
years, with a median of 66 years; there was little 
difference by sex. These results are consistent with 
the previous Rochester study5 and argue for an 
average age at onset several years older than the 
late forties to middle fifties reported in several 
clinical ~ e r i e ~ ~ * 1 ~ - ~ ~ s ~ ~  and most population 

Comparison of the patients in this Rochester 
study with two Mayo Clinic of largely 
referred ALS patients clearly shows the dif- 
ferences in age at  onset. In an earlier Mayo Clinic 
series of 100 patients seen in the mid-1950~,'~ the 
median age at onset was 52 years, 4 were less than 
50 years old, and 76% were less than 60 years. In a 
recent unpublished seriesz4 of 117 other patients 
seen since 1975, the median age was 59 years; 3 1% 
were less than 50 years, 54% were less than 60 
years, and 73% were less than 65 years old at 
onset. However, in the present study of 35 ALS 
patients from Rochester, only 5% had onset before 
age 50 years, 20% before age 60, and 40%G before 
age 65. 

It is difficult to be sure of the site first affected. 
We found no difference in prognosis or age at  onset 
in patients with bulbar symptoms at onset. How- 
ever, by history, the three patients who lived 
longer than 5 years after onset did not have bulbar 
symptoms first, and the two patients with a rapid 
course did have oropharyngeal symptoms first. In 
other ~ e r i e s 2 . ~ * ~ ~  patients with bulbar onset had a 
poorer prognosis and an older age at onset, al- 
though this was not substantiated in the first 
Mayo Clinic series.22 

The median survivorship for the Rochester pa- 
tients was 22.5 months. Patients age 65 and over, 
as expected, had shorter survival than the younger 
group. When this difference in survivorship is ad- 
justed for expected mortality, it is small and not 

studies. 6.10.12-14.21 

statistically significant. A similar relationship 
was noted by 

The survivorship of 50% at 22.5 months was less 
than that reported in most clinical s e r i e ~ , ~ * ~ . ~ * * ~  
and partially reflected the number of older pa- 
tients. Elderly patients may also have greater dif- 
ficulty recalling the earlier manifestations, and 
this could account in part for the shorter duration 
reported. 

Mulder and Howard3 found that 20% of 100 ALS 
patients were alive after 5 years, and Rosen2 found 
a 5-year survival of 39.4% on the basis of question- 
naires to  596 patients. In the present series, the 
5-year survival, as estimated with two persons 
still living (both less than 2 years after diagnosis), 
was % and ultimately cannot exceed 14.3%. Our 
population was significantly older, and this may 
have contributed to the reduced longevity. 

The wide variations of average age at onset and 
duration of ALS have been attributed to  dif- 
ferences in study design. For example, JokelainenZ1 
in Finland compared living patients and patients 
identified through death certificates; the living 
patients were younger and also had a longer dura- 
tion of disease then the patients who died. He 
believed that there was some selective loss (by 
the time the death certificates were written) of 
cases with earlier age at onset and slower course. 
In our study, cases with longer course or onset at 
an earlier age were as likely to be reported as ALS 
on the death certificate. 

Most published studies of ALS were based on 
patients seen at  specialty centers. Patients re- 
ferred from a distance to the specialty centers must 
of necessity live long enough to obtain appoint- 
ments and be able to travel. Patients with rapidly 
advancing disease may not be included to the same 
extent as patients with an  indolent course. The age 
of the patient may also introduce bias. If the pa- 
tient is young, the family or local physician may be 
more motivated to obtain a specialist's opinion. 
Elderly patients may have more difficulty travel- 
ing to a specialty center because of the limitations 
associated with age as well as the debilitation of 
ALS. Also, the family, local physician, or patient 
may assume that the symptoms are part of the 
aging process and not worth seeking further opin- 
ion. This should not apply to the Rochester pa- 
tients, who would almost certainly be referred to a 
Mayo Clinic neurologist. A similar bias in clinical 
series toward the selection of younger patients 
with a longer course has also been observed in 
other conditions, such as p a r k i n s o n i ~ m . ~ ~ . ~ ~  

One study of ALS was based on questionnaires 
from patient-members of a voluntary agency.2 Pa- 
tients who join voluntary ALS organizations are 
more likely to be white, younger, and from higher 
socioeconomic levels and urban centers, and have 
a longer duration of disease than those who do not 
join. Patients who are severely debilitated early 
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and have rapidly advancing disease are less likely 
to survive long enough to learn about the agency or 
to  join and participate in such studies. 

Surveys using death certificates should be less 
selective and, as such, give evidence of a disease 
process that begins, on the average, later in life 
than those represented in specialty centers. Exam- 
ining the national distribution of ages a t  death 
supports this view. Kurland, Choi, and Sayre5 
found that for ALS-certified deaths in the United 
States from 1959 through 1961, the mean age was 
64.4 years and the median age was 62 years. As- 
suming a 3- to 4-year average duration from onset 
to death, the age at onset would then be approxi- 
mately 60 years, or between the age noted in most 
clinical series and the age in this population-based 
study. 
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Appendix. In reviewing the Mayo Clinic records, 
one patient was excluded and three patients were 
added to the series reported by Kurland, Choi, and 
Sayre5 for the period 1925 to 1964. One patient was 
excluded because she had not been a resident of 
Rochester for 1 year before diagnosis. Three pa- 
tients were added. One was a physician who, at  75 
years of age, had had bulbar palsy of rapid onset. 
Neurologists at the Mayo Clinic agreed that he 
had ALS and that the pathologic data were consis- 
tent with ALS. In two additional patients, ALS 
developed during the survey period of the last 
study, but at  the time of that study a positive 
diagnosis of ALS had not been established. 

Occupation. The occupations, as listed for both 
men and women in  this medical community, 
showed no obvious selection with respect to socio- 
economic status or possible hazard at work (ap- 
pendix table). Among the females, there were 
seven housewives, three nurses, two other hospital 
workers, a teacher, a seamstress, a milliner, a 
cashier, and a n  elevator operator. Among the 
males, there were four unskilled laborers, two 
semiskilled laborers, two salesmen, two restau- 
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Appendix table. Demographic, clinical, and pathologic features of ALS patients, Rochester, Minnesota, 
1925-1977 

rant workers, a hospital laundry worker, a dog 
catcher, a horse trainer, a grain buyer, an en- 
gineer, a bookkeeper, a minister, and a physician. 

Injuries. The nature of the medical records for 
this population provides unusually complete doc- 
umentation of injuries and other prior or sub- 
sequent events that  might be considered of 
etiologic importance or as sequelae of ALS. For 
many such conditions we do not yet have incidence 
rates to  provide a basis for comparison, but it ap- 
pears that for some of the items to be described, the 
condition or event could well be coincidental. 

Three patients had injuries that were previous 
and proximate to the onset of ALS. One patient 
injured her right shoulder in January 1963 and 
developed adhesive capsulitis and tendinitis. 
After a steroid injection, there was considerable 
improvement until March 1963, when she noted 
more pain; in November 1965, she noted weakness 
in the right shoulder and both hands, and ALS was 
diagnosed in March 1966. 

Another patient fell on his right shoulder in  
1935 and then fractured his right glenoid fossa in 
January 1952. Three months later, in April 1952, 

the patient noted a slowly progressive weakness in 
the same extremity from the ALS. 

One patient was in an  automobile that deceler- 
ated rapidly, resulting in an injury, with pain and 
loss of mobility of the left upper extremity. It was 
considered to be a “possible cervical disk.” There 
was some improvement for 2 years after the acci- 
dent, when progressive weakness and wasting 
were noted in the same extremity, and weakness, 
wasting, and EMG changes also were noted in one 
of the lower extremities; ALS was diagnosed. 

Surgery and anesthesia. Another patient had a 
left total hip arthroplasty on September 17,1974. 
Neurologic examination on October 31 revealed 
atrophy of the left anterior tibialis muscle and a 
footdrop. The patient claimed to have had no 
weakness before his operation, but after he was 
released from the hospital, he noted progressive 
trouble with secretions and speech, and lower ex- 
tremity weakness. ALS was diagnosed in July 
1975. 

Two of the patients had had known spinal anes- 
thesia within 10 years of onset of ALS, one for a 
transurethral resection in May 1968 (onset of ALS 
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in March 1977) and the other for hemorrhoidec- 
tomy and polyp fulguration in September 1965 
(onset of ALS in October 1968). 

Malignancy. Five patients had malignant neo- 
plasms before the onset of ALS. Two patients had 
basal cell epitheliomas of the skin successfully re- 
moved, and another patient had a grade 2 squa- 
mous cell epithelioma removed from his left vocal 
cord. Another had a grade 3 hypernephroma re- 
moved with no clinical recurrence. One patient 
had three primary malignant lesions within 3% 
years of the onset of ALS. In September 1965, she 
had a left radical mastectomy for grade 4 scirrhow 
adenocarcinoma. In January 1966, she had a right 
simple mastectomy for lobular carcinoma in situ of 
the right breast. In April 1966, a subtotal 
thyroidectomy was performed for a grade 1 follicu- 
lar carcinoma of the thyroid. Bulbar symptoms of 
ALS developed in February 1969. 

Thyroid. Ten patients had histories of thyroid 
abnormalities previous to the onset of ALS. On the 
patients' histories it was noted that three patients 
had thyroid nodules and one patient had hypothy- 
roidism. Two patients had exophthalmic goiters, of 
which one was treated by surgery and the other 
was treated with 1311 and subsequently became 
myxedematous. One patient had a nontoxic goiter, 
and another had a multinodular goiter. One pa- 
tient had a grade l follicular carcinoma with sub- 
total thyroidectomy (described in the preceding 
paragraph). 

Previous neurologic diseases. One patient had an 
essential familial tremor and temporal lobe sei- 
zures in 1969, and manifested symptoms of ALS in 
April 1971. Two patients had histories of migraine 
headaches. Another patient had signs and symp- 
toms of unilateral parkinsonism, particularly in 
the right upper extremity, in 1939,22 years before 
the onset of ALS. Weakness and wasting began in 
the same extremity in which the tremor and rigid- 
ity had been present. Death occurred 31 months 
after the onset of ALS. At autopsy, the patient had 
classic signs of ALS and also had atrophy of the left 
substantia nigra and diffuse cortical degeneration 
with gliosis. 

Miscellaneous. One patient suffered nonspecific 
pains in the neck and shoulders in March 1961, 

after a mild episode of the flu. She continued to 
suffer from a chronic cough, shoulder and neck 
pain, exhaustion, and hypochromic anemia, and 
had sedimentation rates as high as 150 mm in 1 
hour. A diagnosis of either secondary myositis or 
polymyositis was considered. The patient slowly 
improved during the next 6 to 8 months. Bulbar 
palsy developed in April 1964. 

There appeared to be no excess of cases of stroke 
(one patient), diabetes (two patients), or hyperpar- 
athyroidism (one patient). 

Toxins. Two patients had histories of exposure to 
toxins; whether this is a factor in ALS is undeter- 
mined. One was a stockroom employee in a labora- 
tory who had been exposed to numerous solvents, 
including carbon tetrachloride and ammonia. "he 
other patient was the city dog catcher, who worked 
with cyanide gas until 4 years before the onset of 
ALS. 

Radiation. Six patients received irradiation be- 
fore the onset of ALS. One patient was given ll  
treatments of radiation to the left side of the neck, 
left shoulder, and left upper extremity from March 
to May 1940 for myositis or neuritis in his left 
shoulder. Bulbar palsy developed in July 1942. 
One patient received 52 pCi of 1311 for an 
exophthalmic goiter in September 1952; ALS de- 
velopedin June 1961, beginninginhisleft leg. One 
patient received about 140 rads for painin his left 
knee in 1940; lower-extremity weakness and bul- 
bar palsy developed in October 1967. One patient 
received 373 rads in 3 days to a small area of the 
dorsum of his right arm in June 1963 for possible 
sporotrichosis. ALS developed with initial bulbar 
palsy in March 1977. One patient had a radium 
implant overnight for menorrhagia in 1933, and 
bulbar palsy developed in April 1964. In 1948, one 
patient had about 5 rads to  her right shoulder for 
subdeltoid bursitis; ALS developed in 1969, with 
initial manifestations of left shoulder weakness. 

The rate of radiation exposure in the population 
of Rochester is not available. However, it is our 
impression that among the population of the same 
age distribution, therapeutic radiation was widely 
applied in the past. Thus, we cannot conclude that 
this group of patients had any significant excess of 
such radiation exposure. 
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