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Abstract
Recent progress in ALS research: ALS and TDP-43

Shigeki Kuzuhara, M.D., Ph.D.
Department of Neurology, National Center Hospital of Neurology and Psychiatry

Selective involvements of upper and lower motor neurons have been regarded as one of the most characteris-
tic features of amyotrophic lateral sclerosis (ALS). However, evidences of more extensive involvements affecting
the systems other than the pure motor systems have been accumulated since the discovery of ubiquitin-positive
inclusions (UblIs) in ALS, ALS-dementia (ALS-D), and frontotemporal lobar degeneration (FTLD) with Ubls
(FTLD-U). A breakthrough occurred in ALS research in October 2006, when T AR DNA-binding protein-43 (TDP-
43) was identified as the core protein that is ubiquitinated in the cytoplasm, neurites and nucleus as Ubls. Anti-
body to phosphorylated TDP-43 selectively reacts to the inclusions and Western blotting demonstrates abnormal
bands of phosphorylated TDP-43 in the brains of patients with ALS/FTLD-U. Similar findings were observed in
ALS/parkinsonism-dementia complex (PDC) of Guam and Kii peninsula. These diseases are lumped in the “TDP-
43 proteinopathy”. In early 2008, several mutations of the TDP-43 gene were identified as the causative gene of
autosomal-dominant familial ALS without SOD1 gene mutations. These findings suggest that abnormalities of
TDP-43 directly or indirectly produce severe motor neuron degeneration, TDP-43 is thus one of the key proteins
causing TDP-43 proteinopathies such as ALS, ALS-D, FTLD-U, and ALS/PDC of Guam and Kii. New revolution-
ary developments on ALS research for molecular mechanism and therapy are expected.

{Clin Neurol, 48: 625—633, 2008)
Key words: ALS, TDP-43, frontotemporal lobar degeneration, ubiquitin, familial ALS
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Abstract

Background: There has been little interest in the role of nu-
trition in the prevention of amyotrophic lateral sclerosis
(ALS). We investigated the relationship between dietary in-
take of vegetables, fruit, and antioxidants and the risk of ALS
in Japan. Methods: Between 2000 and 2004, we recruited
153 ALS patients aged 18-81 years with disease duration of
3 years within the study period in accordance with El Esco-
rial World Federation of Neurology criteria. Three hundred
and six gender- and age-matched controls were randomly
selected from the general population. Information on di-
etary factors was collected using a validated self-adminis-
tered diet history questionnaire. Results: A higher consump-
tion of all fruits and vegetables and fruit alone in the highest
quartiles was associated with a statistically significantly re-
duced risk of ALS. Although not statistically significant, a
beneficial association between intake of all vegetables,
green and yellow vegetables and other vegetables and ALS

was found. No statistically significant dose-response rela-
tionship was observed between intake of 3-carotene, vita-
min C and vitamin E and the risk of ALS. Conclusion: Our
findings suggest that higher intake of food rich in antioxi-
dants such as fruit and vegetables confer protection against
the development of ALS. Copyright © 2009 S. Karger AG, Basel

Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive
neurodegenerative disease of unclear etiology involving
spinal cord motor neurons, leading to atrophy of skeletal
muscles, paralysis and rapid progression to death. The
majority of the patients are sporadic cases, while 5-10%
of the patients have a family history of ALS [1]. Dietary
habits and sedentary lifestyle were also rapidly western-
ized over the past several decades. Several epidemiologi-
cal studies have examined the risk factors of ALS; most
have focused on physical activity [2-4], skeletal fracture
[5] and heavy metal exposure at work [6-8].
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ALS was previously found to be positively associated
with intake of glutamate [9], fat [10], fish [11] and milk 11,
12}, and inversely associated with intake of lycopene {13},
dietary fiber [9], bread and pasta [14]. Moreover, we have
previously demonstrated that a high intake of carbohy-
drate was positively, and high intakes of total fat, satu-
rated fatty acid, monounsaturated fatty acid and polyun-
saturated fatty acid were inversely associated with a de-
creased risk of ALS, suggesting that nutrients may be
factors that could influence these processes and thereby
the risk of developing ALS [15].

Free radical accumulation and oxidative stress have
been proposed as contributing to the progression of ALS
(or motor neuron disease). A few epidemiological studies
have examined the relationship between dietary intake of
antioxidant vitamins and the risk of ALS; most have fo-
cused on intake of vitamin E [16-18]. However, the results
have been inconsistent. As far as we know, there is no
epidemiological information about the relationship be-
tween food rich in antioxidants and the risk of ALS. In
this study, we focused on fruits and vegetables, as they are
rich sources of antioxidant nutrients. We examined the
relationship between dietary intake of fruits and vegeta-
bles and the development of ALS using a case-control
study in a Japanese population.

Methods

Study Populations

We conducted this study in medical centers in the Tokai area
of Japan from 2000 to 2004, using a self-administered question-
naire, Cases were all definite or probable ALS patients, who were
under the care of experienced neurologists and met the El Esco-
rial World Federation of Neurology criteria [19], aged 18-81 years
with disease duration of 3 years or less within the study period.
All cases of progressive bulbar palsy were included in this study,
whereas familial progressive muscular atrophy was excluded.
There was no evidence of coexisting Parkinson disease or related
disorders including multisystem atrophy.

We set up two community controls matched to each patient
for age (2 years), gender and residence based on electoral dis-
tricts. They were selected by a proportional simple random sam-
pling from among the general population in the same district as
our case subjects based on the basic register of residents. A total
of 612 eligible controls were contacted and 505 (82.5%) were en-
rolled in this study; 418 completed the entire questionnaire.

Data Collection

Subjects were asked to report their behavior and characteristics
3years before the time of the diagnosis, using a mailed self-admin-
istered questionnaire. To facilitate the recall of lifestyles, including
dietary habits, we inserted into the questionnaire some questions
about their familial and social backgrounds at that time.

Institutional ethics committees of the Aichi Prefectural Col-
lege of Nursing and Health approved the protocol before com-
mencement.

Dietary Information

A self-administered food frequency questionnaire (FFQ) that
included 97 commonly eaten food and beverage items was ad-
ministered to all participants. This FFQ was validated in a
healthy Japanese population using a 16-day dietary record as a
standard, and was proven to be adequately valid for most of the
nutrient and food groups [20, 21]. For each fruit or vegetable, a
standard unitor portion size was specified and participants were
asked how often, on average, during the previous month they
had consumed that amount 3 years before recruitment into
study. Seven responses were possible, ranging from ‘never’ to ‘six
or more times per day’. The energy-, sex- and age-adjusted test-
retest correlation coefficients between the two FFQs adminis-
tered ata l-year interval ranged from 0.34 to 0.78 (median, 0.57)
for the nutrients under study. The deattenuated, energy-, gender-
and age-adjusted correlation coefficients between the second
FFQ and the dietary records were larger than 0.40 for most food
groups. Nutrient intake from supplements was not considered in
the present study. Estimates of nutrient intake were computed by
using the Standard Tables of Food Composition in Japan, fifth
revised and enlarged edition (Science and Technology Agency,
2000).

Covariates such as demographic characteristics (age at diag-
nosis, gender) and risk factors were collected with the use of a
structured questionnaire specifically designed for this case-
control study. Subjects were defined as physically active if they
were active for =30 min for at least 3 times a week in their leisure
time. Smoking status was ascertained in relation to the number
of cigarettes smoked per day during the 5 years before the sur-
vey, and subjects were categorized into current smokers (smok-
ing at least 1 cigarette per day), ex-smokers (not smoking for at
least 1 year before the survey), and never-smokers, and into cur-
rent smokers and nonsmokers (including ex-smokers and never-
smokers). Body mass index was calculated by dividing self-re-
ported body weight (kg) by the square of self-reported height
(cm).

Statistical Analysis

The differences in mean values or frequencies between ALS
patients and controls were statistically examined by the unpaired
t test, x? test, or Mantel-Extension test. The odds ratio (OR) and
its 95% confidence interval (CI) were estimated by using multiple
conditional logistic regression models to access the strength of
association between ALS and potential risk factors {17]. For each
nutrient or micronutrient of interest, the 25th, 50th, and 75th per-
centiles of the control group distribution were used to define four
quartile-based categories of intake. ORs were calculated for each
nutrient by using the lowest quartile of intake as the referent
group. Tests for trend in logistic regression analysis were per-
formed by the exposure variable and treating the scored variable
as a continuous one. All nutrient analyses were adjusted for total
amount of food consumption for fruit and vegetables and energy
intake using the residual method for 8-carotene and vitamins. All
logistic regression models used to estimate the effects of nutrient
intake included the following covariates: behavior pattern, smok-
ing status, and body mass index.
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In the analysis of estimated nutrient intakes, all the nutri-
tional variables were natural logarithmically transformed to im-
prove their normality. Because intake of most nutrients is
strongly correlated with total energy intake, the former was ad-
justed for the latter using the residuals from linear regression
models. For thisanalysis, subjects were divided into three groups
according to the quartile of energy-adjusted nutrient intakes
among controls.

The latency period for ALS may be longer than a few years. To
address the possibility that change in lifestyle due to potential
progression of ALS might have affected the results, we asked
whether they changed their lifestyle including dietary habits from
3 years before the onset of ALS to the date of the study. We ex-
cluded participants with change in lifestyle, extreme daily energy
intakes (<800 or >4,000 kcal for men and <500 or >3,500 for
women) or incomplete FFQ.

Results

Of the total number of 254 patients within the study
period, 194 cases (76.4%) who met the inclusion criteria
were included in this study. Of the 194 cases, 31 did not
respond, resulting in 163 eligible cases of whom 153 com-
pleted the entire questionnaire. Table 1 shows the char-
acteristics of cases and controls. The mean ages were
around 63.0 years, accounting for about 60% of the men
among ALS patients and community controls. The pro-
portion of proxy interviews was similar between ALS pa-
tients and controls.

Table 2 shows the relation between vegetable and
fruit consumption and ALS risk. We observed a signifi-
cantinverse association between higher intake of all
fruits and vegetables (p for trend = 0.04) and all fruits (p
for trend = 0.02) and ALS risk in the multivariate mod-
el. In the multivariate model, an inverse association was
observed between intake of all vegetables, green and yel-
low vegetables and ALS, although this trend was not sta-
tistically significant. The inverse relationship between
intake of other vegetables and the risk of ALS was sig-
nificant after controlling for sex and age (p for trend =
0.06), but completely disappeared in the multivariate
model.

Table 3 presents adjusted ORs for ALS in relation to
B-carotene, and vitamins C and E. A higher intake of
vitamins C and E was associated with a reduced risk of
ALS, but there was no statistically significant associa-
tion. There was a significant inverse relationship be-
tween B-carotene intake and the risk of ALS by the mul-
tivariate model: the ORs for the highest versus lowest
quartile were 0.66 (95% CI, 0.35-1.23; p for trend =
0.04).

Table 1. Selected background characteristics of study subjects

Cases Control p value
(n=153)  (n=306)
Sex, %
Men 60.3 60.3
Women 39.7 39.7
Age group, %
-49 32.6 333
50-59 36.4 34.8
60- 31.0 31.9
Age (mean £ SD), years 63.7%£9.2 634%106 NS
Use of proxy respondents, %  67.5 67.5 NS
Body mass index
(mean * SD) 222+02 233+03  0.04
Type A behavior pattern, % 44.2 19.6 0.000
Smoking habit, % 58.1 54.1 NS
Drinking habit, % 353 314 NS
Energy intake, kcal/day
<1,554 32.7 24.5
1,554-1,987 20.5 24.6
1,987-2,418 21.6 24.3
>2,418 25.1 25.6 0.03

NS = Not significant.

Discussion

In the case-control study of ALS, we found that higher
intake of all fruits and vegetables and fruit alone was sig-
nificantly associated with a reduced risk of ALS. As far as
we know, no epidemiological information is available
about the relationship between antioxidant-rich foods
and the risk of ALS. This is the first epidemiological find-
ing that a high intake of all fruits and vegetables as anti-
oxidant-rich foods may be protective against the onset of
ALS. We also observed statistically significant reductions
in ALS risk (approximately 50%) in the highest category
of intakes of fruits and vegetables compared with the low-
est, and the inverse relationship remained in the multi-
variate model.

A methodological issue may be that we gathered infor-
mation at a time 3 years prior to the onset of the diagno-
sis. In case of ALS patients, it is quite likely that patients’
recall may have been influenced by their diet after the
onset of the disease due to its related symptoms such as
difficulty in swallowing and muscular weakness. Ac-
cordingly, itis difficult to determine whether they report-
ed the pre-illness dietary intake 3 years before the onset.
Therefore, we did our best to accurately assess dietary
intake before the onset of the disease using a validated
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Table 2. ORs (95% CI) for ALS by quartiles of vegetable and fruit intake

Variables Quartile of intake
1 2 3 4 p for trend

All fruits and vegetables

Cases/controls 39/76 38/75 40/77 36/78

Sex and age adjusted 1.00 0.82(0.50-1.35)  0.66 (0.40~1.10) 0.57 (0.34-0.97) 0.03

Multivariate adjusted1 1.00 0.92 (0.55-1.56) 0.77 (0.45-1.32) 0.61 (0.39-1.29) 0.04
All fruits

Cases/controls 40/78 36/74 37177 40/77

Sex and age adjusted 1.00 0.81(0.49-1.33)  0.73 (0.44-1.22) 0.51 (0.30-0.87) 0.008

Multivariate adjusted 1.00 0.83 (0.50-1.38) 0.79 (0.47-1.34) 0.57 (0.33-1.01) 0.02
All vegetables

Cases/controls 38/77 37175 39/78 39/76

Sex and age adjusted 1.00 0.89 (0.53-1.49)  0.92 (0.55-1.54) 0.77 (0.45-1.31) 0.37

Multivariate adjusted 1.00 0.95 (0.55-1.63) 0.98 (0.57-1.69) 0.80 (0.44-1.44) 0.51
Green and yellow vegetables

Cases/controls 38/78 39/74 37177 39/77

Sex and age adjusted 1.00 0.99 (0.58-1.72) 1.11 (0.65-1.89) 0.80 (0.52-1.57) 0.51

Multivariate adjusted 1.00 0.95 (0.54-1.98) 1.09 (0.62-1.91) 0.83 (0.50-1.61) 0.69
Other vegetables

Cases/controls 38/77 37175 39/78 39/76

Sex and age adjusted 1.00 0.53 (0.32-0.88)  0.89 (0.54-1.45) 0.50 (0.30-0.85) 0.06

Multivariate adjusted 1.00 0.61(0.35-1.05)  1.12 (0.65-1.93) 0.63 (0.35-1.13) 0.43

L ORs were separately calculated for each dietary variables adjusted for age, sex, body mass index, smoking
habit, drinking habit and behavior pattern and total energy.

Table 3. ORs (95% CI) for ALS by quartiles of B-carotene and vitamins C and E intake

Quartile of intake

1 2 3 4 p for trend

B-Carotene

Cases/controls 40/78 36/74 37/77 40/77

Sex and age adjusted 1.00 1.24 (0.76-2.05) 0.81 (0.47-1.39 0.69 (0.40-1.21) 0.08

Multivariate adjusted1 1.00 0.92 (0.63-2.03) 0.78 (0.44-1.38)  0.66(0.35-1.23) 0.04
Vitamin C

Cases/controls 39/76 38/75 40/77 36/78

Sex and age adjusted 1.00 0.71 (0.42-1.20) 0.77 (0.45-1.30)  0.84 (0.50-1.41) 0.57

Multivariate adjusted 1.00 0.73 (0.43-1.25) 0.78 (0.45-1.36)  0.83(0.46-1.47) 0.59
Vitamin E

Cases/controls 38/77 37175 39/78 39/76

Sex and age adjusted 1.00 0.67 (0.40-1.14) 0.60 (0.35-1.05)  0.89 (0.61-1.63) 0.96

Multivariate adjusted 1.00 0.71 (0.40-1.26) 0.66 (0.34-1..27) 0.99 (0.54-2.42) 0.78

! ORs were separately calculated for each dietary variables adjusted for age, sex, body mass index, smoking
habit, drinking habit and behavior pattern and total energy.
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FFQ and, to facilitate the recall of lifestyles, including di-
etary habits 1 year previously, some reminder questions
were inserted into the questionnaire regarding familial
and social backgrounds at the time. Nevertheless, it is dif-
ficult to ascertain whether the questionnaire correctly
gathered information reflecting a time 3 years prior to the
study. Prospective studies are warranted to confirm the
associations between diet and ALS risk. However, in a
low-incidence area like Japan, such studies are extremely
challenging to perform. Hence we have initially conduct-
ed a case-control study.

It has been suggested that ALS, a neurodegenerative
disorder resulting in motor neuron death, is associated
with oxidative damage induced by free radicals. Niebroj-
Dobosz et al. [22] proposed the necessity of an antioxi-
dant neuroprotective strategy in ALS because ALS results
from oxidative damage to spinal cord proteins. In our
study, we observed that fruit and vegetable intakes were
significantly associated with a lower risk of ALS. Fruits
and vegetables are rich sources of antioxidant vitamins
and minerals such as vitamins C and E, B-carotene, po-
tassium, magnesium, and calcium [23]. It is known that
the increase in intake of fruits and vegetables may protect
against oxidative stress as a free radical scavenger system
(24, 25]. These findings could be a supportive explanation
for our results that showed a relationship between fruit
and vegetable intakes and ALS risk.

However, we observed that dietary intake of green and
yellow vegetables, other vegetables, and antioxidant vita-
mins (B-carotene, vitamins C and E) were associated
with a reduced risk of ALS, although not statistically sig-
nificant, implying that these foods and nutrients are pro-
tective against the development of ALS. In general, di-
etary antioxidants are not eaten in isolation, and those
may have interactive or synergistic effects on health when
combined. This may be because the mixture of antioxi-
dants contained in fruits and vegetables and antioxidant
vitamins has a greater effect than a single food and anti-
oxidant vitamin alone. Accordingly, these findings sug-
gest that the development of ALS may be inhibited by
synergic and interactive effects of individual dietary
foods and antioxidants.

Consistent with previous studies [26, 27], our results
found that a diet rich in fruits and vegetables is associ-
ated with a lower proportion of smoking and drinking
habit, body mass index, and psychological stress (data not
shown). However, adjustment for potential confounders
of ALS such as age, sex, body mass index, smoking habit,
drinking habit and behavior pattern and total energy did
not alter the protective association of fruit and vegetable

intakes, suggesting that all fruit and vegetable intakes
may have independent effects on ALS prevention.

There are several limitations to this study. First, we in-
cluded patients with ALS within 3 years after receiving
their diagnosis, as a longer disease duration of ALS would
have led to alarger recall bias for the responses. Therefore,
we reanalyzed only subjects who have been diagnosed
within 1 year before the onset of ALS using a small num-
ber of cases (n = 39), but the results were similar to those
derived from the whole data set (data not shown). In ad-
dition, there might be a survivor bias involved in collect-
ing the data. In this study, deceased subjects were includ-
ed, although the number of those was small (n = 25). To
assess the scope of this potential problem, therefore, we
repeated the analyses with the exclusion of deceased sub-
jects, and the results were unaltered. Accordingly, the ef-
fects of survivor bias, if any, seem to be small.

Second, in this study information was provided by
proxy respondents in approximately two thirds of the
cases. As previously reported, however, proxy respon-
dents provided acceptable information for smoking [28],
episode of hypertension [28], and dietary information
[29]. Moreover, the associations were unaltered after the
data were reanalyzed with the exclusion of data obtained
from proxy respondents (data not shown).

Finally, our questionnaire included questions on hab-
its from 3 years before recruitment into the study. This is
why we examine the causality between dietary intake of
fruits and vegetables before the onset of ALS and the risk
of ALS. Accordingly, it is possible that change in dietary
habits might have occurred after initiation of ALS devel-
opment. Therefore, we asked all of the cases whether or
not they changed their dietary habits between 1 and 3
years prior to disease onset in the questionnaire; we con-
firmed that they had no significant change in dietary
habits during the target duration. To avoid these prob-
lems, we are now planning a relatively large population-
based prospective study.

In summary, we confirmed that higher intake of food
rich in antioxidants such as fruits and vegetables is inde-
pendently associated with alower risk of ALS. Further pro-
spective studies with more detailed information are need-
ed to draw a conclusion as to the question of whether fruit
and vegetables confer protection against ALS in Japan.
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Lifestyle Factors and Risk of Amyotrophic Lateral Sclerosis:
A Case-Control Study in Japan

KAZUSHI OKAMOTO, MD, TAMEKO KIHIRA, MD, TOMOYOSHI KONDO, MD,

GEN KOBASHI, MD, MASAKAZU WASHIO, MD, SATOSHI SASAKI, MD,

TETSUJI YOKOYAMA, MD, YOSHIHIRO MIYAKE, MD, NAOMASA SAKAMOTO, MD,
YUTAKA INABA, MD, AND MASAKI NAGAI, MD

PURPOSE: We examined the associations between lifestyle factors and the risk of amyotrophic lateral
sclerosis (ALS) using a case-control study in Aichi Prefecture, Japan.

METHODS: The study comprised 183 ALS patients diagnosed by the El Escorial World Federation of
Neurology criteria as well as 366 gender- and age-matched controls randomly selected from the general pop-
ulation with the use of the basic register of residents. Detailed information on lifestyle factors was obtained
through a mailed self-administered questionnaire. The strength of association between ALS and a potential
risk factor was assessed by calculating odds ratios (ORs) and 95% confidence intervals (Cls).
RESULTS: Vigorous physical activity, self reported stress, a type A behavior pattern, and less frequent
intakes of green-yellow vegetables were significantly associated with increased risk of ALS, whereas
smoking and drinking habits were not. The greatest effect on risk for ALS was posed by the combination
of a type A behavior pattern and less frequent intakes of green-yellow vegetables (adjusted OR, 11.2;
95% CI, 3.8 to 33.0).

CONCLUSION: These data suggested that imbalances between excessive productions of oxidants as
patient-specific factors and a diminished or missing antioxidant defense system in motor neurons may
increase the risk of ALS.

Ann Epidemiol 2009;19:359-364. © 2009 Elsevier Inc. All rights reserved.
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INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a progressive neuro-
degenerative disease of unclear etiology involving spinal
cord motor neurons, leading to atrophy of the skeletal
muscles, paralysis, and rapidly progressive death. ALS is
considered to be a multifactorial disease in which complex
environmental and genetic factors interact. Several experi-
mental studies have proposed that oxidative stress contrib-
utes to the pathogenesis of ALS (1-3). Most studies have
focused on vigorous physical activity (4-6), skeletal fracture
(7), and exposure to heavy metals at work (8-10). Accord-
ing to Brooks (11), no risk factors, other than prolonged
exposure at work or home to the agricultural chemicals in
pesticides and herbicides, have been identified by epidemi-
ologic studies. Recently, a few studies that have investigated
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lifestyle factors such as smoking (12, 13) and alcohol
consumption (13) yielded inconclusive results.

Most prior studies have tested oxidative stress paradigms
in mitochondria either through chemical inhibition of
specific components of the respiratory chain or by adding
an exogenous insult such as hydrogen peroxide or Paraquat
to directly damage mitochondria. According to Hinerfeld
et al. (14), antioxidant treatment enabled a reduction in
the loss of neurons. Accordingly, it is quite likely that oxida-
tive stress to brain nerves (e.g., cigarette smoking and
vigorous physical activity) and antioxidant defense systems
(e.g, copper-zinc superoxide dismutase [SODI1]) may be
synergistically, rather than independently, associated with
the development of ALS. However, to our knowledge, few
studies have examined the joint effects of oxidative stress
and antioxidant defense systems on the risk of ALS.
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Selected Abbreviations and Acronyms
ALS = amyotrophic lateral sclerosis
MET = metabolic rate
OR = odds ratio
Cl = confidence interval

Therefore, using relatively large numbers of patients in
Japan, we conducted a case-control study to explore the rela-
tionship between lifestyle factors related to oxidative stress,
such as smoking, and antioxidant defense systems, such as
higher intakes of antioxidant-rich food.

SUBJECTS AND METHODS
Study Populations

All case subjects were definite or probable ALS, who met the
El Escorial World Federation of Neurology criteria for ALS
that is widely used as the standard diagnostic criteria (15),
aged 18 to 81 years with a disease duration of 3 years or
less within the study period from 2000 to 2005 in six medical
centers playing a major role in the diagnosis and treatment
of ALS in the Tokai area.

Of the 274 ALS patients, 214 (75.3%) eligible cases were
enrolled, 183 of whom completed the entire questionnaire.
All cases of progressive bulbar palsy were included in this
study, but those with familial progressive muscular atrophy
were not. There was no evidence of coexisting Parkinson
disease or related disorders, including multisystem atrophy.

The present study was approved by the institutional
review board of the Aichi Prefectural College of Nursing
& Health.

We set up two community controls that matched to each
case for age (+2 years) and gender. Therefore we selected
quadruple controls to match each case, collecting more
controls by a proportional simple random sampling with
stratification by sex and age groups from among the general
population in the same district as our cases based on the
electoral register. Among a total of 732 eligible controls
contacted, 550 (75.2%) were enrolled in this study and
430 completed the entire questionnaire. No significant
difference in the gender and age distribution was observed
between responders and nonresponders.

Data Collection

A structured self-administered questionnaire specifically de-
signed for this case-control study was distributed and
collected by mail from both patients and controls. We asked
patients to recall their lifestyle within the 3 years before the
onset of ALS and, for controls, within the 3 years before the
interview. To facilitate the recall of lifestyles, including
dietary habits, we inserted into the questionnaire some

questions about their familial and social backgrounds at
that time.

The questionnaire yielded information on demographic
characteristics {gender, age, height, and present and past
weight), medical history, physical activity, lifestyle factors
(e.g., moking and drinking habits, frequency of green-yellow
vegetable intake), and psychological status (e.g., self-
reported stress, type A behavior patterns). Among those
factors, we used physical activity, smoking and drinking
habits, self-reported stress, type A behavior patterns as
oxidants, and frequency of green-yellow vegetable intake
as antioxidants.

Vigorous physical activity was defined as any such
activity requiring 6 metabolic equivalents or greater (a 6-
fold or greater increase above the resting metabolic rate),
for example, jogging, tunning, bicycling, lap swimming,
and playing tennis more than three times per week in
one’s leisure time. Type A behavior patterns were assessed
by a 10-item scale specifically designed by Maeda (16) for
Japanese persons. These were dichotomized into type A
(217 points) and non-type A (<17) according to the
criteria of Maeda. Participants were asked to report their
stress intensity as “never/hardly” or, if stressed, “light,”
“moderate,” or “high”. Subjects responding "moderate” or
“high” were considered “high,” whereas those who re-
sponded “never/hardly” or “light” were considered “low”.
Smoking status was classified as current smokers or
nonsmokers (including ex-smokers). Drinking status was
classified as current drinkers or nondrinkers (including ex-
drinkers). Subjects given the following five response options
were asked intake frequencies of green-yellow vegetables:
“neverfseldom,” “less than once a week,” “1-2 times per
week,” “3—4 times per week,” and “almost everyday,” with
the frequency dichotomized as “frequent” (“3-4 times per
week”/“almost everyday”) vs. “less frequent” (“never/
seldom”/“less than once a week”/“1—2 times per week.”).

Statistical Analyses
Odds ratios (ORs) and their 95% confidence intervals (Cls)

were calculated by multiple conditional logistic regression
analysis. Tests for trend in logistic regression analysis were
performed using exposure variables and treating the scored
variables as continuous. Two-sided p values less than 0.05
were considered statistically significant. Statistical analyses
were conducted using the Statistical Package for the Social
Sciences version 14.0 (SPSS Japan, Inc,).

RESULTS

Table 1 shows that no significant difference in mean age was
found between patients and controls.
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Asshown in Table 2, an increased risk of ALS was signif-
icantly associated with vigorous physical activity
(OR = 2.0 for “heavy” compared with “not heavy”; 95%
CI, 1.0 to 4.0), self reported stress (adjusted OR = 1.8;
95% CI, 1.3 to 2.7), and type A behavior pattern (adjusted
OR = 2.9; 95% CI, 1.9 to 4.5), and less frequent intake of
green vegetables (adjusted OR = 2.5; 95% ClI, 1.7 to 3.7).
No significant association with increased risk was found
for either smoking or drinking habits.

Among the variables studied, the OR was highest for the
association of type A behavior with oxidants; similarly, the
OR was highest for the association of green-yellow vegeta-
bles with antioxidants. Accordingly, we selected type A
behavior and green-yellow vegetable consumption as
markers, respectively, for oxidants and antioxidants, in
order to examine their joint effect on ALS risk.

As shown in Table 3, the greatest effect on risk for ALS
was posed by the combination of a type A behavior pattern
and a less frequent intake of green-yellow vegetables
{adjusted OR = 11.2; 95% Cl, 3.8 to 33.0), a less frequent
intake of green vegetables without a type A behavior pattern
posed a slightly but significantly elevated ALS risk.

DISCUSSION

In this case-control study, we found that patient-specific factors
such as type A behavior patterns and less frequent intakes of
green-yellow vegetables, when combined, may be more
strongly associated with an increased risk of ALS, compared
with environment specific factors, such as smoking habit.

We found that the joint effects of a type A behavior pattern
and less frequent intake of green-yellow vegetables was
strongly associated with an increased risk of ALS. As far as
we know, no epidemiological information is available about
the joint effect of oxidants and antioxidants on the risk of
ALS. This is the first, to our knowledge, epidemiological study
to demonstrate the joint effect of oxidants and antioxidants
on the risk of ALS.

TABLE 1. Comparison of selected characteristics of cases and
controls

Cases (n = 153) Controls (n 306)

% or Mean % or Mean p Value

Sex

Men 60.3 60.3

Women 39.7 39.7 NS
Age group (yr)

=49 326 333

50-59 36.4 34.8

=60 310 319
Mean age (+ SD) 63.7+9.2 63.4 +10.6 NS
BMI 222 4+02 233 +03 <0.05

NS = not statistically significant; SD = standard deviation; BMI = body mass
index.

TABLE 2. Odds ratios and 95% confidence intervals for ALS

according to lifestyle factors

Cases Controls
(n=153) (n=306) Adjusted OR* 95% CI

Bone fracture

No 81.3 84.9 1.0

Yes 19.6 15.1 1.3 09-2.1
Vigorous

physical

activity

No 88.4 93.8 1.0

Yes 11.6 6.2 2.0 1.0-4.0
Hate to lose

No 37.0 43.4 1.0

Yes 63.3 56.6 1.3 0.9-1.9
Self-reported

stress

Low 38.1 52.6 1.0

High 61.9 474 2.9 1.3-2.7
Behavior

pattern

Non-type A 55.8 80.4 1.0

Type A 44.2 19.6 2.9 1.9-4.5
Lack of body

pliableness

No 374 24.8 1.0

Yes 13.7 24.5 1.1 0.8-1.6
Smoking

Nonsmoker 51.9 51.5 1.0

Current 48.1 48.5 1.0 0.6-1.3

smoker
Drinking .

Nondrinker 309 320 1.0

Current 69.1 68.0 1.1 0.7-1.5

drinker
Intake of

green-

yellow

vegetables

Frequent 49.2 29.4 1.0

Less 50.8 70.6 2.5 1.7-3.7

frequent

ALS = amyotrophic lateral sclerosis; OR = odds ratio; Cl = confidence interval.
*QOdds ratios were calculated for each lifestyle variables adjusted for age, sex, all
above variables other than target variable.

A methodological issue was analyzed for combined
sporadic and familial ALS. In this study, we had a small
ptoportion of subjects with positive familial ALS (1.9%).
These findings suggest that the sporadic and familial forms
of ALS are clinically and pathologically indistinguishable.
Moreover, we used self-administered questionnaires to
obtain information retrospectively. Therefore, the reliability
of self-administered questionnaires was assessed by using the
test-retest method over a 2-week period for 50 persons
randomly selected from among community controls. Kappa
values ranged from a low of 0.52 for general stress to a high
of 0.86 for smoking habit, suggesting that the measures in
this study might be considered adequately reliable.
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TABLE 3. Odds ratio {95% CI) for ALS by type A behavior

and intake frequency of green-yellow vegetables

Type A Intake of green-yelow ~ Cases  Controls  Adjusted* OR

behavior vegetables (n=153) (n=3006) (95% CI)
No Frequent 46.4 65.9 1.0 (reference)
No Less frequent 41.4 28.1 1.9 (1.3-3.4)
Yes Frequent 4.5 4.7 1.5 (0.6-3.5)
Yes Less frequent 7.7 1.2 11.2 (3.8-33.0)

CI = confidence interval; ALS = amyotrophic lateral sclerosis; OR = odds ratio.

As for psychological factors, McDonald et al. (17) re-
ported that psychological status is strongly related to
a greater risk of mortality in ALS. However, few studies
have examined the relationship of psychological factors to
the risk of ALS, though several have demonstrated that
psychological stress is associated with increased oxidative
stress {15, 18). In the present study, we not only found
high self-reported stress, but also discovered that type A
behavior patterns identified as stress-producing behavior
(19) were significantly associated with an increased risk of
ALS, suggesting that personality factors may promote the
disease. In addition, we found that the magnitude of the
risk from type A behavior patterns was highest among
the other lifestyle factors used as sources of oxidative stress.
Watkins et al. (20) reported that a type A behavior pattern
is related to emotional distress and to more keenly perceived
life stress. Accordingly, these findings suggest that a type A
behavior pattern may be associated with an increased risk of
ALS indirectly, but not directly psychological stress.

We observed that the less frequent intakes of green-vege-
tables was significantly associated with an increased risk of
ALS; it is also well known that increasing the intake of fruit
and vegetables may protect against oxidative stress by acting
as afree-radical scavenger system (21, 22). However, there is
little available information on the relationship between
one’s daily intake of vegetables and the risk of ALS. Our
results suggested that high-frequency green-yellow vegetable
intake may be protective against the development of ALS.

A few studies have examined the relationship between
cigarette smoking and the risk of ALS (12, 13, 23), but
the relationship was found to be inconsistent. However,
we could find no significant relationship at all between ciga-
rette smoking and the risk of ALS.

These findings suggest that type A behavior patterns and
less frequent intakes of green-yellow vegetables considered
as patient-specific (endogenous) factors, when combined,
may be more strongly associated with an increased risk of
ALS, compared with smoking habit considered as environ-
ment-specific (exogenous) factors.

To our knowledge, few studies on the risk of ALS have
simultaneously compared the effect of patient-specific
(endogenous) factors such as type A behavior patterns
with environment-specific {exogenous) factors such as

smoking. This is the first epidemiological study to demon-
strate that patient-specific (endogenous) factors are more
likely than environment-specific (exogenous) factors to be
strongly associated with the risk of ALS.

Moreover, we found that the ALS risk was greatest in
subjects only who had both type A behavior pattern as
oxidants and a lesser frequency of green-vegetable intake
as antioxidants.

Oxidative stress and mitochondrial dysfunction have
been linked to neurodegenerative disorders such as Parkin-
son’s and Alzheimer’s disease (24). Hinerfeld et al. (14)
also reported a striking pattern of neuronal cell death as
a result of mitochondrial oxidative stress in SOD2 null
mice. Moreover, Shiba and Shimamoto (25) found that
endogenous oxidative stress under treatment with a combi-
nation of 3-amino-1,2,4-triazole and mercaptosuccinic acid
induced cell death that resembles apoptosis; they also found
that endogenous oxidative stress was directly related to the
cytochrome P450 enzyme system. Accordingly, these find-
ings would provide an explanation for our result that endog-
enous oxidants rather than exogenous ones may be more
strongly associated with an increased risk of ALS.

Hinerfeld et al. (14) reported that antioxidant treatment
brought about a reduction in the loss of neurons. In addition,
Niebroj-Dobosz et al. (26) proposed the necessity of an antiox-
idative neuroprotective strategy in ALS, since the disease
results from oxidative damage to spinal cord proteins. These
findings suggest that the synergistic effect of oxidation and
antioxidation systems may be associated with the development
of ALS, rather than acting independently. However, very little
is known about the relationship between the oxidation/antiox-
idation balance and the risk of ALS. Our results suggested that
the excessive endogenous oxidants and a decrease in or lack of
an antioxidant system may, when combined, increase the risk
of ALS. As far as we know, this is the first case-control study of
ALS that demonstrated an association between the oxidants/
antioxidants imbalance and the risk of ALS.

There are several limitations to this study. First, the infor-
mation in this study was provided by proxy respondents in
approximately half of the cases. Consequently, the possible
effect of potential bias by proxy respondents has to be seriously
considered. Some studies have previously reported that proxy
respondents provided reliable information for smoking (27),
episodes of hypertension (27), and some kinds of dietary infor-
mation (28). Moreover, those associations were unaltered
after the data were reanalyzed by the exclusion of data
obtained from proxy respondents (data not shown).

Second, our questionnaire requested information on
several points 3 years before the onset of ALS. This was
done because we sought to examine the causality between
lifestyle factors before the onset of ALS and any subsequent
of risk. Accordingly, the possibility was not discounted that
lifestyle exposures might have changed after the initiation of
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ALS development. Therefore we have confirmed that none
of the respondents exhibited any significant change in their
lifestyle between a period of 3 and 10 years prior to disease
onset. To avoid these problems, we are now planning a rela-
tively larger population-based prospective study.

Third, we used self-administered questionnaires to
collect information on both cases and controls. The above
authors had demonstrated no significant difference in the
responses to questions related to lifestyle factors between
self- and interviewer-administered questionnaires (29).
The relationship between vigorous physical activity and
the risk of ALS in this study was similar to the one in
previous studies conducted using interviewer-administered
questionnaires (4-6). These findings suggest that the effect
of our collection method on the responses may well be
a minimal one.

Finally, we assessed nutritional status using the frequency
of green-yellow vegetable intake rather than the amounts of
antioxidant intake. A few studies have demonstrated that
green-yellow vegetables and fruits enhanced the plasma anti-
oxidant status (23, 30, 31). Drewnowski and Hann (32) re-
ported that mean frequencies of food consumption were
a significant predictor of dietary outcomes. Further studies
will be needed to confirm the relationship between the
amount of antioxidant intakes and the development of ALS.

In summary, the present study clearly suggested that
imbalances between the excessive production of oxidants
originating from patient-specific factors and the decrease
in or lack of an antioxidant system in motor neurons may

increase the risk of ALS.

This work was supported in part by a grant-in aid of the Health and
Labour Sciences Research Grants, Research on Specific Diseases.
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