
Introduction 
Amyotrophic lateral sclerosis (ALS) is a neu-

ro-degenerative disorder of undetermined eti-
ology that primarily affects the motor neurons.
It is a rapidly progressive condition and most
patients eventually succumb to respiratory fail-
ure in a few years. Although no specific envi-
ronmental factors have been linked with cer-
tainty to an increased risk of ALS, epidemiolog-

ical research suggests an increased risk of ALS
among electrical utility workers, high dietary
intakers of glutamate, smokers and those ex-
posed to trace elements such as selenium, iron,
manganese, copper, zinc, cadmium and lead
[1].

There are some reports suggesting that mili-
tary service may be a risk factor for developing
ALS [2,3].  These studies covered a large popu-
lation of US veterans with appropriate methods
for case identification and were based on rich
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Abstract
Background: Amyotrophic lateral sclerosis (ALS) is a progressive neurological

disorder with high mortality and morbidity. Some risk factors have been implicated for
ALS such as exposure to high magnetic fields, and trace elements like selenium, cad-
mium and lead. A few studies have been carried out throughout the world to evaluate
the prevalence of ALS among veterans. This study was aimed to evaluate ALS fre-
quency among Iran – Iraq war veterans.

Methods: Medical records of 52580 veterans were studied and those with suspect-
ed neuromuscular disorders were referred to a blind neurologist. ALS was verified ac-
cording to World Federation of Neurology criteria. Student t-test and chi-square test
were used for analysis and a P value less than 0.01 was considered significant.

Results: Eleven definite ALS and two possible ALS cases were identified among
the subjects. The mean age of onset of the disease was 43.7±9.7 years. All subjects had
a record of at least three months involvement in action and symptoms began to show
up after 16.5±3.6 years. The mean interval between exhibition of symptoms and the
definitive diagnosis of the disease was 16.5 months. 

Conclusion: The prevalence of ALS in our population was significantly greater
than that of international surveys (P<0.01). The onset of the disease occurred at a sig-
nificantly lower age than typical ALS (P<0.01). Military service might therefore be a
risk factor for ALS. 
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and precise medical records of US soldiers.
However, there might have been limitations in
the mentioned studies including the peculiar
conditions of the war, the limited war time and
zone, and the fairly short follow up interval for
subject recruitment. During this war which last-
ed for 17 months, the US troops were mainly
stationed in the Persian Gulf zone. The short pe-
riod of the war together with the particular cli-
mate and environmental conditions of the Per-
sian Gulf and the fact that considerable damage
was done to the wildlife due to unprecedented
oil spill formed a set of circumstances that re-
quire a more comprehensive analysis.

In contrast with this war, the Iran-Iraq war
lasted for almost eight years, and started Sep-
tember 22, 1980. In this war a wide range of
weapons and artilleries were deployed. Iran
was even attacked by mass destruction weapons
and chemical bombs (UN document S/16433
Mar. 26, 1984). The longer period of war as well
as the variety of the used weapons enables us to
conduct a comprehensive study on the effects
of long-term exposure to various weapons
among our veterans and since the war came to
an end in 1988, we are now able to study the
long term consequences of military service in
terms of developing war associated disorders
such as ALS. Therefore we decided to evaluate
the prevalence of ALS among veterans who
participated in the Iran–Iraq war from Kho-
rasan Province which is located in the north-
eastern part of Iran, farthest from the Iraq bor-
ders and the Persian Gulf.

Methods
This study was approved by the ethics com-

mittee of Mashhad University of Medical Sci-
ences and the Veteran Foundation of Khorasan
Provinces. Subjects entered the study voluntari-
ly and willingly. 

In this cross–sectional study, 52580 veterans
with documented medical files in the Iranian
Veterans Office (IVO) were studied. All of
these veterans had served for at least 3 months

at some point during the war period, September
1980 through June 1988. Medical records of all
of these veterans were evaluated precisely by
four trained health providers of IVO and those
who had suspected neuromuscular complaints
or unexpected swallowing or respiratory prob-
lems were referred to a neurologist. We also
evaluated all medical records of the neurology
wards of Mashhad University, Ghaem Hospital,
which is a referral center of Neurology in Kho-
rasan Provinces.

Inclusion criterion was a history compatible
with ALS in a veteran coming from Khorasan
provinces. Exclusion criteria included any of
the following: 1) Exposure to chemical sub-
stances considered as a risk factor for ALS ex-
cept in action,  2) Positive family history for
ALS in first relatives, 3) Significant co-morbid
general medical disorders, 4) History of expo-
sure to electromagnetic fields, 5) Previous sig-
nificant central nervous system trauma, 6) Res-
idence in the Persian Gulf zone or near Iraqi
borders after 1988, and 7) High serum levels for
heavy metals (especially lead).

Specific data collection sheets were designed
and data including age, sex, age of disease on-
set, presenting symptoms, ALS type (bulbar on-
set and non-bulbar onset), length of service at
war, and history of injury were collected for
each patient.

In case the subject was still alive, a compre-
hensive physical examination was carried out.
For deceased subjects, medical records and the
death certification were evaluated. ALS was
verified by medical records review according to
the most recent World Federation of Neurology
(WFN) EL-escorial criteria for ALS [4,5] (Fig.
1). All possible differential diagnoses (e.g. cer-
vical spondylosis, multiple sclerosis, cervical
myelopathies, brain stem lesions, lead toxicity,
hyperthyroidism, hyperparathyroidism, etc.)
were ruled out before definite diagnosis.

Data was analyzed by SPSS (version 13.0,
SPSS Inc. Chicago, IL) software. Qualitative
variables were expressed using percentages and
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quantitative data were explained with mean,
standard deviation, and/or confidence interval.
Student t-test and chi-square test were used for
comparing the results with the mean normal
values of community. A P value less than 0.01
was considered statistically significant.

Results
In this study eleven men with definite and

two with possible ALS were identified. Three
of these subjects had succumbed because of
complications of their disease and another one
had become bedridden and was mechanically
ventilated.

The patients were mostly young people
(Basiji) who volunteered to participate in the
war. This resulted in an average age as low as
43.7±9.7. The minimum and maximum ages
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Fig. 1. Algorithm for diagnosis of ALS in this study.
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were 34 and 71 respectively and there were on-
ly two patients over 50. 

The mean interval between onset of symp-
toms and disease diagnosis was 16.5 months.
The average period between involvement in the
front lines and symptoms presentation was 16.5
years.

Two of our patients presented with bulbar
symptoms, whereas the rest were classified as
limb-onset ALS. In the latter group, symptoms
commenced in the right upper limb in four cas-
es, the left upper limb in three and the right low-
er limb in the four remaining patients. None of
our subjects showed atypical symptoms such as
sphincter disorders, sensory problems, extraoc-
ular muscle palsies and/or extrapyramidal
signs. There was only one case with pure upper
and one with pure lower motor neuron involve-
ment and both were classified as possible ALS
(Table 1).

Electrodiagnostic studies showed fascicula-
tion potentials and high amplitude, and long du-
ration motor unit action potentials, indicating
long term denervation, in all patients. Brain and
cervical MRI proved normal in all cases as well
as laboratory studies including CBC, ESR,
blood biochemistry, serum protein elec-
trophoresis, serum B12 level, serum lead level
and thyroid function tests. 

Discussion
The incidence and prevalence rate for ALS is

surprisingly uniform throughout the world and
varies from 6 to 8 in 100000 [1]. A few studies
have been done throughout the world to evalu-
ate the prevalence of ALS among veterans. In
the two studies among US veterans the preva-
lence of ALS was estimated 2 folds greater than
the general population [2,3]. In our study the
prevalence of ALS was 24.59 in 100000 which
is significantly greater than world reports as
well as US veterans studies (P<0.01). The dis-
crepancies which exist between our findings
and those of US might be due to several facts in-
cluding the peculiarities of the Iran-Iraq war,
the duration of war and the longer follow up in-
tervals in our study. Therefore it is possible that
the US veterans’ studies will show more ALS
cases if they follow the same pattern.

Although our sample population was too
small to make firm claims regarding the ALS
presentation and the existence of differences
between our findings and the results of the par-
allel studies, it is clear that the onset age was
lower in the current study, suggesting that mili-
tary service might lead to ALS or at least accel-
erate the occurrence of ALS. Most patients with
ALS are more than 50 years old at the onset of
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Table 1. Demographic data of the patients.

Case

Left per limb

Left upper limb

Left upper limb
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symptoms and this incidence increases with
each decade of life [6-8]. The mean age of dis-
ease onset in our subjects was significantly
lower than the general population (43.7 years,
P<0.01).

In an epidemiology study [9] it has been
shown that chemical nerve agents might con-
tribute to ALS development. Among our sub-
jects, 5 had served in regions previously ex-
posed to chemical weapons (mustard gas and
nerve agents). It is possible that the greater fre-
quency of ALS in young veterans is due to either
exposure to nerve agents [9], alpha particle-
emitting heavy metals (e.g., depleted uranium)
in dust from exploded munitions [10] or vigor-
ous exercises and possibly traumatic injuries
[11]. We believe that considerable damage to
wildlife in the Persian Gulf due to the oil spill
might have a role in war-associated disorders
for inhabitants in this area as well as soldiers
from other countries.  However, our ALS veter-
ans have been living far away from the Persian
Gulf and have never visited this area since
1988.

There were some limitations in our studies.
We did not have medical records of our soldiers
prior to the war. As mentioned before, they par-
ticipated in action voluntarily and most of them
were not trained soldiers. Furthermore some
subjects had refused to refer to the veteran reg-
istry to leave traceable records for personal rea-
sons. Also there might have been unregistered
deaths due to ALS which we failed to identify
because of the long gap after the end of the war.  

In conclusion, military service might be a
risk factor for ALS. We suggest a multicentric
study with an appropriate sample size to be de-
signed to confirm the relationship between mil-
itary service and ALS and to discover specific
agents which are responsible for the increased
frequency of ALS in veterans.
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