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occupational agents, smoking habits, moulds in the
house, indoor domestic pets and residential munici-
pality. Employment data focused on type of job held
for the longest period of time during the subject’s
work life and years of exposure were requested
regarding the job and occupational agents, respect-
ively. Occupational agents were defined as present
if the subject reported =10 h of exposure per week.
Neither the questionnaire nor a telephone interview
requested a full occupational history or gave any
information to help responders recall possible
exposures to occupational agents that they may other-
wise have overlooked in relation to their particular
occupation.

The other self-administered questionnaire was a
validated self-administered dietary history question-
naire that was used to assess dietary habits over
a period of 1 month (Sasaki et al., 1998, 2000). In
the present study, data obtained from the dietary his-
tory questionnaire were not used.

Statistical analysis

Jobs held for the longest period of time were coded
using the Japanese Standard Occupational Classifica-
tion and stratified into 11 major groups (professional
and technical, managers and officials; clerical and
related fields; sales; service; protective service; farm-
ing, fishing and forestry; transport and communica-
tion; production; materials handling; and construction
and extraction). Included in this analysis were eight
specific occupational agents to which three or more
subjects had been exposed for more than a year.
Age was classified into four categories (<50, 50-59,
60-69 and 70+ years); region into five (Kanto-
Koshinetsu, Tokai, Kinki, Chugoku-Shikoku and
Kyushu); cigarette smoking into three (never smoked,
former smoker and current smoker); pack-years of
smoking into five (none, 0-19.9, 20.0-39.9,
40.0-59.9, and 60.0+); and residential municipality
into two (city and town or village). Multiple logistic
regression analysis was used to estimate the adjusted
ORs and 95% confidence intervals (Cls) of IPF for
single factors with adjustment for age, sex and region.
The reference category for all occupational factors,
moulds in the house and indoor domestic pets was
based on the comparison of those exposed to a single
agent with all those unexposed, including potential
subjects who were exposed to other etiologic factors.
All computations were performed using version 8.2
of the SAS software package (SAS Institute, Inc.,
Cary, NC, USA).

RESULTS

Dyspnea on exertion was present at enrollment in
83 of the 104 cases (81.4%). The median (90% central
range) of arterial O, pressure was 80.2 mmHg

Table 1. Characteristics of the study population

Variable n (%)
Cases Controls
(n=102) {(n=1759)
Sex (male) 92 (90.2) 54 (91.5)
Age (years)
<50 3(2.9) 234
50-59 15 (14.7) 19 (32.2)
60-69 56 (54.9) 24 (40.7)
70+ 28 (27.5) 14 23.7)
Region
Kanto-Koshinetsu 56 (54.9) 27 (45.8)
Tokai 1 (10.8) 10 (17.0)
Kinki 14 (13.7) 5 (8.5)
Chugoku-Shikoku 4 (3.9) 6 (10.2)
Kyushu 17 (16.7) 11 (18.6)

(57.2-97.0) and that of vital capacity expressed as
percentage predicted values was 77.8% (41.0-
116.3) in cases. The proportions of male subjects
among cases and controls were 90.2% and 91.5%,
respectively (Table 1). Compared with control
subjects, cases were older and had a lower prevalence
of residence in Chugoku-Shikoku.

Table 2 presents adjusted ORs and 95% Cls for IPF
in relation to occupational factors after controlling for
age, sex and region. Because five female cases had
never held a job, they were regarded as ‘unexposed’
in the occupational analyses. The median duration of
the job held for the longest period of time was 35 years
in cases and 31 years in controls. No marked differ-
ence was found in the risk of IPF among occupational
groups (P = 0.50, Wald > = 9.38 with 10 degrees of
freedom for homogeneity of OR for each occupa-
tional group). None of the occupational groups was
related to the risk of IPF with statistical significance,
although at least a 2-fold increase in OR was observed
among managers and officials and production work-
ers, and there was a <0.5-fold decrease in OR among
those in clerical and related fields, protective service
and materials handling. Further adjustment for pack-
years of smoking slightly strengthened associations
with two major occupational groups: managers and
officials, and clerical and related occupations
(adjusted ORs were 6.06, 95% CI: 0.97-118.6 and
0.42, 95% CI. 0.18-0.95, respectively). Overall,
25 cases and three controls were exposed to only
one of the occupational agents being studied, and
four cases and two controls were exposed to two
agents. Only three and one cases were exposed to
three and six occupational agents, respectively. Expo-
sure to any of the eight kinds of dust being studied
was significantly associated with an increased risk of
IPF. In particular, exposure to metal dust was related
to an ~10-fold increased risk of IPF. No association
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Table 2. Adjusted odds ratios for idiopathic pulmonary fibrosis in relation to occupational factors

Factor n (%) Adjusted 95% confidence
odds ratio® interval
Cases (n = 102) Controls (n = 59)

Job held for the longest period of time
Professional or technical 9 (8.8) 7(11.9) 0.71 0.23-2.25
Manager or official 9 (8.8) 1.7 426 0.74-80.88
Clerical or related occupation 18 (17.7) 18 (30.5) 0.49 0.22-1.08
Sales 11 (10.8) 6 (10.2) 1.29 0.44-4.18
Service 6 (5.9) 3(5.1) 1.02 0.23-5.46
Protective service 2 (2.0) 3(5.D 0.33 0.04-2.19
Farming, fishing or forestry 7 (6.9) 7 (11.9) 0.55 0.16-1.89
Transport or communication 4 (3.9) 2(3.4) 1.10 0.19-8.73
Production 18 (17.7) 5(8.5) 2.56 0.91-8.54
Materials handling 2 (2.0) 2(3.4) 0.46 0.05-4.34
Construction or extraction 11 (10.8) 5 (8.5) 1.37 0.42-4.44

Occupational agents
Any dust® 33 (32.4) 5 (8.5) 5.61 2.12-17.89
Metal 12 (11.8) 1(1.7) 9.55 1.68~181.12
Wood 5(4.9) 0 (0.0)
Asbestos 3.9 0 (0.0)
Coal 3.9 0 (0.0)
Stone or sand 11 (10.8) 4 (6.8) 1.75 0.52-7.01
Solvents 4 (3.9 0 (0.0)
Pesticides 6 (5.9) 2(3.4) 1.46 0.30-10.61
Chalk 4 (3.9) 0 (0.0)

“Adjusted for age (<50, 50-59, 60-69 or 70+ years), sex and region (Kanto-Koshinetsu, Tokai, Kinki, Chugoku-Shikoku and

Kyushu).

PEight cases and two controls were exposed to two or more occupational agents.

of exposure to stone, sand or pesticides with the risk
of IPF was found. None of the control subjects
reported exposure to wood, asbestos, coal, solvents
or chalk. Additional adjustment for pack-years of
smoking did not change the association with IPF of
exposure to any of the dusts being studied and metal
dust. When exposures to metal dust, stone, sand and
pesticides were included in the same model with age,
sex and region, a positive association between metal
dust exposure and IPF was slightly attenuated but
remained statistically significant (adjusted OR 9.25,
95% CI: 1.59-176.7).

Results for environmental factors are shown in
Table 3. More cases than control subjects were for-
mer smokers, whereas current smoking was more pre-
valent in controls than in cases, although differences
between groups were not statistically significant.
Adjusted OR for the comparison of having smoked
with never having smoked was 1.91 (95% CI: 0.71-
5.15). A significantly increased risk of IPF was
observed for smokers with 20.0-39.9 pack-years,
but there was no dose-response association with
cumulative consumption of cigarettes. Although
not statistically significant, moulds in the living
room and the presence of indoor hamsters were

associated with a >50% decreased risk of IPF. Moulds
in the bathroom, kitchen or closets and the presence of
indoor birds, cats or dogs were not measurably related
to the risk of IPF. There was no clear difference
between cases and controls in terms of residential
municipality.

DISCUSSION

The present study demonstrated that, compared
with control subjects, cases were more likely to
have been managers and officials or production work-
ers and less likely to have been protective service
workers or materials handling workers, although
none of the effects reached significance. Workers
in clerical and related fields had a significantly
decreased risk of IPF independent of age, sex, region
and smoking status. Exposure to metal dust was sig-
nificantly associated with an increased risk of IPF, but
exposure to stone, sand or pesticides was not materi-
ally related to IPF. There was no statistically signifi-
cant relationship between the environmental factors
under study and IPF, although 20.0-39.9 pack-years
of smoking was significantly associated with an
increased risk of IPF.
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Table 3. Adjusted odds ratios for idiopathic pulmonary fibrosis in relation to environmental factors

Factor n (%) Adjusted 95% confidence
odds ratio® interval
Cases (n = 102) Controls (n = 59)
Smoking status
Never smoked 18 (17.6) 14 (23.7) 1.00
Former smoker 80 (78.4) 34 (57.6) 2.21 0.82-6.04
Current smoker 4 (3.9) 11 (18.6) 0.50 0.10-2.24
Pack-years of smoking
None 18 (17.7) 14 (23.7) 1.00
0.6-19.9 10 (9.8) 11 (18.6) 0.87 0.25-3.10
20.0-39.9 30 (29.4) 10 (17.0) 3.23 1.01-10.84
40.0-59.9 29 (28.4) 15 (25.4) 2.22 0.70-7.23
60.0+ 15 (14.7) 9 (15.3) 1.59 0.46-5.64
Moulds
Any place® 56 (54.9) 36 (61.0) 0.98 0.48-2.01
Living room 54.9) 8 (13.6) 0.36 0.10-1.20
Bathroom 51 (50.0) 28 (41.5) 1.38 0.69-2.82
Kitchen 12'(11.8) 11 (18.6) 0.61 0.24-1.57
Closets 17 (16.7) 9 (15.3) 1.25 0.50-3.30
Indoor domestic pets
Any pets® 40 (39.2) 25 (42.4) 0.94 0.47-1.86
Birds 17 (16.7) 9 (15.3) 1.16 0.47-3.03
Cats 14 (13.7) 8 (13.6) 1.24 0.45-3.58
Dogs 15 (14.7) 10 (17.0) 0.85 0.33-2.26
Hamsters 2 (2.0) 3(5.1) 0.27 0.03-1.80
Residential municipality
Village or town 15 (14.7) 12 (20.3) 1.00
City 87 (85.3) 47 (79.7) 1.35 0.56-3.28

*Adjusted for age (<50, 50-59, 60-69 or 70+ years), sex and region (Kanto-Koshinetsu, Tokai, Kinki, Chugoku-Shikoku and

Kyushu).

®Qverall, 22 cases and 13 controls were exposed to moulds in two or more places.
“Overall, 8 cases and 3 controls had two or more types of indoor domestic pets.

These findings are in agreement with previous
observations showing a positive relationship
between exposure to metal dust and the risk of IPF
(Scott et al., 1990; Iwai er al., 1994; Hubbard et al.,
1996b; Baumgartner et al., 2000), but they are at var-
iance with a case—control study that reported posi-
tive associations between farming and stone/sand
dust exposure and IPF (Baumgartner et al., 2000).
The mechanisms underlying the positive association
between metal dust exposure and the risk of IPF are
still obscure. Recent experimental research has
demonstrated that particulate nickel promotes pul-
monary fibrosis by inhibiting the fibrinolytic cas-
cade (Andrew and Barchowsky, 2000). Potolicchio
et al. reported that susceptibility to hard metal lung
disease is associated with binding of cobalt by HLA-
DP molecules (Potolicchio et al., 1997, 1999).
Managers, officials and those working in clerical
and related fields are not likely to be potentially
exposed to metal dust. The first Whitehall study
showed that mortality rates from lung cancer,
chronic bronchitis and respiratory diseases were

markedly increased with a decrease in employment
grade (van Rossum et al., 2000). The present find-
ings partially contradict this observation. In our cur-
rent study, nine cases were managers and officials:
six presidents of a company, two department man-
agers of a company and one director of a union. One
of the controls was an executive director of a com-
pany. None had been exposed to any of the occupa-
tional agents under investigation. A non-significant
increased risk of IPF among managers and officials
may be ascribed to unrecognized factors that are
related to job grade. A case—control study in Lithuania
found that the main risk factors of myocardial
infarction for managers were hypertension and
stress (Malinauskiene et al., 2002). Their stressful
work life may have contributed to the manifestation
of IPF. The excess IPF risk among managers and
officials was not likely to be explained by over-
diagnosis in the higher employment grades. All
Japanese are covered by universal medical care
insurance and all are provided with completely free
access to the same medical care.
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A case—control study in the USA reported that
being a former smoker and 21-40 pack-years of
smoking were significantly related to an increased
risk of IPF, whereas there was no association of
current smoking and more than 40 pack-years of
smoking with IPF (Baumgartner et al., 1997). Our
results are generally in agreement with these find-
ings, although a positive relationship between hav-
ing previously smoked and IPF was not statistically
significant in this study. A history of having ever
smoked was associated with a 1.6-fold increased risk
of IPF in the above-cited US study (Baumgartner
et al., 1997) and a study in the UK (Hubbard ef al.,
1996b). The present findings, although not statisti-
cally significant, are similar to these observations.
Overall, 34 cases and 14 controls quit smoking
within 3 years of data collection. It is possible
that cases were more likely to quit smoking because
of diagnosis or the progression of their disease.
When these subjects who stopped smoking within
3 years were considered to be current smokers,
adjusted ORs (95% ClIs) were 2.11 (0.72-6.19)
and 1.73 (0.60-5.03) for former and current smok-
ing, respectively. Additional adjustment for pack-
years of smoking slightly affected the association
with IPF in managers and officials and workers in
clerical and related fields, although the interaction
with pack-years of smoking was not statistically
significant for those occupational groups. On the
other hand, adjustment for smoking did not measur-
ably influence the effects of metal dust exposure.
Thus, smoking and metal dust exposure were likely
to be independent factors. A case-control study of
17 cases and 94 controls in the USA reported that
patients with interstitial lung disease were 16.0 times
more likely to be exposed to mould than were con-
trols in their workplace (Mullen et al., 1998). The
present results are not consistent with this finding. To
our knowledge, no study has assessed the relation-
ship between domestic pets and the risk of IPF. Our
findings contradict a previous epidemiologic study
in Japan showing a positive association between
residence in an agricultural area and the risk of
IPF (Iwai et al., 1994).

Selection and information bias are methodological
issues that need careful consideration. We attempted
to identify and recruit all eligible cases seen at each
participating hospital during the specified study per-
iod according to the most recent diagnostic criteria.
Only three eligible patients did not take part in this
study. Thus, it was unlikely that selection bias for the
cases occurred. It is difficult to ensure that control
subjects are drawn from the same study population as
the cases. This disadvantage is likely to be diluted by
controlling for region. Almost all controls were hos-
pitalized patients with acute bacterial pneumonia.
Therefore, control subjects may not have been repre-
sentative of the general population that generated the

cases. The prevalence values of having ever smoked
in the present controls were not likely to differ from
those reported elsewhere, although the prevalence
values of current smoking were relatively low in
this study. In a population-based case—control study
of acute myocardial infarction in Fukuoka, Japan, the
proportions of people who had never smoked, had
formerly smoked and currently smoked were 25%,
23% and 52%, respectively, among 260 male controls
below 65 years old, and 24%, 41% and 35%, respect-
ively, among 212 male controls aged 65 years or over
(Miyake and Fukuoka Heart Study Group, 2000). The
corresponding figures in this study were 14%, 55%
and 31%, respectively, among 29 male controls below
65 years old, and 24%, 68% and 8%, respectively,
among 25 male controls aged 65 years or over. If
acute bacterial pneumonia shared risk factors with
IPF, the reported OR would have been underesti-
mated. The ratio of controls to cases was below
1:1. Eligible control subjects with acute bacterial
pneumonia were not likely to arise during the summer
months because of seasonal variation in this disease.
Moreover, eligible control patients who received
treatment at the non-respiratory ward of 50 hospitals
were not recruited. The statistical power of this study
was extremely low, although a statistically significant
association was observed. Cases may have been more
likely than controls to remember specific exposures
under study. However, subjects would not have been
aware of the possible ill effects of occupational and
environmental factors under investigation because
the etiology of IPF is unknown. Thus, a difference
in recall between cases and controls was not likely to
have occurred. We did not collect data for a detailed
occupational history. However, the impact of job
activities, other than the job held for the longest per-
iod of time, on IPF was likely to be negligible and
unlikely to differ between cases and controls because
the median duration of the job held for the longest
period of time was 30 years or more in both cases and
controls. The consequence could be a minor under-
estimation of values in our results.

Despite these potential limitations, the present
results appear to confirm data from previous epide-
miologic studies. Exposure to metal dust is a parti-
cularly important risk factor for IPF in Japan, as well
as in the UK and the USA. Larger studies with more
precise and detailed exposure measurements are
needed to assess the impact of occupational and
environmental factors on the development of IPF.
Investigations regarding biological mechanisms are
also required.
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Objectives: A few epidemiological studies have indicated that a patient’s past medical history may
contribute to the risk of developing idiopathic pulmonary fibrosis (IPF). A relationship between a
history of selected disorders and the risk of IPF was assessed in a multicentre hospital-based case-
control study in Japan.

Methodology: Included in the study were 104 patients of IPE aged 40 years or over, who had been
diagnosed within the previous 2 years, in accordance with the most recent criteria. Control subjects,
aged 40 years or over, consisted of 56 hospitalized patients diagnosed as having acute bacterial pneu-
monia and four outpatients with the common cold. Adjustment was made for age, gender, region,
pack-years of smoking, employment status, occupational exposure and BML

Results: Medical histories of hypertension, hyperlipidaemia, coronary heart disease, diabetes mel-
litus, hepatitis C virus infection, tuberculosis, asthma, atopic dermatitis and allergic rhinitis were not
statistically significantly associated with the risk of IPE, although cases were more likely to have suf-
fered from allergic rhinitis and less likely to have been asthmatics than control subjects. Having a
child with a history of allergic rhinitis, but not of asthma or atopic dermatitis, was significantly
related to an increased risk of [PE

Conclusions: These findings suggest that a genetic predisposition to allergic rhinitis may be asso-
ciated with an increased risk of IPE
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Medical history and IPF
INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a progressive
and usually fatal lung disease characterized by fibro-
blast proliferation and extracellular matrix remodel-
ling, leading to irreversible distortion of the lung
architecture.' Patients with IPF are often between 40
and 70 years of age and approximately two-thirds are
over the age of 60 years at the time of presentation.?
Although the aetiology is unknown, factors relating to
aging may be implicated in the pathogenesis of IPE
For example, a few epidemiological studies have indi-
cated that a patient’s medical history may contribute
to the risk of developing IPE A recent case-control
study in Japan demonstrated that diabetes mellitus
was significantly associated with a fourfold increased
risk of IPE® A case-control study in the UK suggested
that atopy may be an important determinant of
susceptibility to IPE* An increased prevalence of
antibodies to hepatitis C virus was observed in both
Japanese and Italian patients with IPE*® while Irving
et al. failed to confirm these findings in a British series
of patients with IPE’

To confirm these reported findings, we examined
the relationship between a history of selected dis-
orders and the risk of IPE based on data from a
multicentre hospital-based case-control study in
Japan.

METHODS
Subjects

Eligible cases were patients aged 40 years or over, who
had been diagnosed within the previous 2 years and
who were identified among the 21 collaborating
hospitals and their 29 affiliated hospitals during the
period from 1 June to 30 November 2001. The diagno-
sis of IPF by the collaborating respiratory disease
specialists was based on clinical history, clinical
examination and high-resolution CT (HRCT) of the
chest. Results of video-assisted thoracoscopic lung
biopsy, transbronchial lung biopsy and/or BAL, cor-
responding to the international consensus statement
on IPF of the American Thoracic Society and Euro-
pean Respiratory Society,® were also used when avail-
able, either alone or in combination, to assist
diagnosis. All patients had basal fine crackles on aus-
cultation and predominantly peripheral, subpleural,
bibasal fine reticular shadows and/or honeycombing,
occasionally with traction bronchiectasis and bron-
chiolectasis on HRCT. There was no evidence of either
coexisting collagen-vascular disease or a history of
known occupational exposure to agents that might
produce a clinical picture similar to that of IPF in any
of the patients. The physicians-in-charge asked eligi-
ble patients to participate in this study, and 104
patients were cooperative in answering the question-
naires, while three patients refused. :

Control subjects were aged 40 years or over, had no
prior respiratory diseases and were prospectively
selected from individuals who received treatment at
the respiratory ward of the recruiting hospitals, dur-
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ing the same time period as the cases. Fifty-six hospi-
talized patients, diagnosed as having acute bacterial
pneumonia, and four outpatients with common cold
served as controls by answering the same question-
naires as the cases. Controls were not, individually or
in larger groups, matched with cases. Patients with
acute infectious or common diseases are unlikely to
receive treatment at a specialized medical institution.
Fourteen of the 21 collaborating hospitals were uni-
versity hospitals with doctors who exclusively treated
patients with serious illnesses. Thus, 95 of the 104
cases were recruited from the 21 collaborating hospi-
tals, while 34 of the 60 controls were selected from the
29 hospitals that were affiliated with the collaborating
hospitals.

The study subjects were originally restricted to
males, but included in the analysis were 10 female
cases and five female controls, whose treatment was
provided at six of the collaborating hospitals and one
affiliated hospital. A total of 104 cases and 60 control
subjects who gave their fully informed consent
remained in the present study.

Questionnaires

The physicians handed a set of two self-administered
questionnaires to the cases and the contrels. The
subjects filled out the questionnaires and mailed
them to the data management centre. A telephone
interview was conducted by a trained research tech-
nician in order to complete missing or illogical data.

One of the self-administered questionnaires was
used to ascertain age, gender, weight, height, smoking
habits, type of job held for the longest period of time,
occupational exposure, personal medical history and
a history of asthma, atopic dermatitis and allergic
rhinitis (including cedar pollinosis) in the subject’s
children. Hypertension, hyperlipidaemia, coronary
heart disease, diabetes mellitus, tuberculosis, asthma,
atopic dermatitis and allergic rhinitis (including
cedar pollinosis) were defined as being present when
subjects had received medication, or in the case of
diabetes mellitus, if they were receiving dietary ther-
apy. Hepatitis C virus was considered to be present if
the subject had been diagnosed by a physician as
being infected with hepatitis C virus or being its car-
rier. A child’s history of asthma, atopic dermatitis and
allergic rhinitis (including cedar pollinosis) was con-
sidered to be confirmed if one or more of the study
subject’s children had been treated for these condi-
tions with medications at any time since birth. Occu-
pational exposure was defined as being present if the
subject had been exposed to any of eight specific
occupational agents (metal, wood, asbestos, coal,
stone and sand, solvents, pesticide or chalk) for 10 or
more hours per week for more than 1 year. BMI was
calculated by dividing self-reported body weight (kg)
by height (m) squared.

The other self-administered questionnaire was a
validated diet history questionnaire that was used to
assess dietary habits over a period of 1 month.>'" Data
obtained from this diet history questionnaire were
not used in the present study.
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Table 1 Clinical features of idiopathic pulmonary fibrosis cases

Lung function Mean SD Minimum Median Maximum
Arterial O, pressure (mmHg) 79.6 11.4 50.0 80.6 102.0
Vital capacity (% predicted) 77.4 22.0 19.8 77.6 128.0

Arterial O, pressure: 8-values missing. Vital capacity: 5-values missing.

Statistical analysis

Multiple logistic regression analysis was used to esti-
mate adjusted odds ratios (OR) and their 95% confi-
dence intervals (CI) for IPF relative to selected
medical histories. Covariates included in the multi-
variate models were age, gender, region, pack-years of
smoking, employment status, occupational exposure
and BMI, which was used as a continuous variable.
Age was classified into four categories (<50, 50-59,
60-69 and 270 years); region into five (Kanto-Koshi-
netsu, Tokai, Kinki, Chugoku-Shikoku and Kyushuy);
employment status into two (high employment status
as represented by professionals, technical workers,
managers and officials, and other); and pack-years of
smoking into five (never, 0<-19.9, 20.0-39.9, 40.0~
59.9 and >60.0). In two cases and one control, data on
smoking were missing and they were regarded as
never having smoked. Al computations were per-
formed using the SAS software package version 8.2
(SAS Institute Inc., Cary, NC, USA).

RESULTS

Dyspnoea on exertion was present at enrollment in 84
of the 104 cases (80.8%). The median (90% central
range) arterial O, pressure was 80.2 mmHg (57.2-
98.0 mmHg) and the median vital capacity in the
cases, expressed as per cent predicted value, was
78.0% (42.1-113.5%) (Table 1). About 90% of both
cases and controls were male (Table 2). In compari-
son with controls, cases were older, fewer were resi-
dent in Chugoku-Shikoku and had never smoked, and
more cases had high employment status, occupa-
tional exposure and were overweight.

In Table 3, adjusted OR for associations between
selected medical histories and IPF are presented.
After controlling for gender and age, hypertension,
hyperlipidaemia, coronary heart disease, diabetes
mellitus and hepatitis C virus infection were not sig-
nificantly associated with the risk of IPE Further
adjustment for region, pack-years of smoking,
employment status, occupational exposure and BMI
did not materially modify these results. Tuberculosis
tended to be related to a decreased risk of IPF after
adjusting for gender and age, but the relationship was
almost completely attenuated in the multivariate
model. There was a tendency for an inverse associa-
tion between asthma and the risk of IPF: the multi-
variate OR was 0.22 (95% CI 0.04-1.09). Atopic
dermatitis did not appear to be related to IPE Allergic
rhinitis was associated with a twofold increased risk

Table 2 Characteristics of the study population

No. (%) or
mean (SD)
Cases Controls

Variable (n=104) (n=60)  P-value
Gender (% male) 94 (90.4) 55 (91.7) 0.78
Age (% years) 0.10

<50 3(2.9) 2(3.3)

50-59 16 (15.4) 19 (31.7)

60-69 56 (53.9) 25 (41.7)

270 29 (27.9) 14 (23.3)
Region (%) 0.21

Kanto-Koshinetsu 57 (54.8) 27 (45.0)

Tokai 12 (11.5) 10 (16.7)

Kinki 14 (13.5) 5 (8.3)

Chugoku-Shikoku 4(3.9) 7 (11.7)

Kyushu 17 (16.4) 11 (18.3)
Pack-years of smoking (%) 0.26

Never 20 (19.2) 15 (25.0)

0<-19.9 10 (9.6) 11 (18.3)

20.0-39.9 30 (28.9) 10 (16.7)

40.0-59.9 29 (27.9) 15 (25.0)

260.0 15 (14.4) 9 (15.0)
High employment status 18 (17.3) 8 (13.3) 0.50

(%)
Occupational exposure 33 (31.7) 5(8.3) 0.0006

(%)
BMI (kg/m?) 23.3@3.1) 21.9(3.0) 0.005

Subjects considered to have a high employment status
were those who were professionals, technical workers, man-
agers or officials for the longest period within their working
years.

*Exposure to metal, wood, asbestos, coal, stone and sand,
solvents, pesticide, or chalk for 10 or more hours per week
for more than 1 years.

of IPE although the 95% CI included the null hypoth-
esis value.

We further examined the relationship between an
allergic history in at least one child and the risk of IPE
The multivariate OR for having a child with a history
of asthma was 1.82 (95% CI 0.54-7.04), of atopic der-
matitis, 0.91 (95% CI 0.30-2.77) and of allergic rhinitis,
2.49 (95% CI 1.01-6.54).

DISCUSSION

The present study demonstrated that having a child
with a history of allergic rhinitis, but not asthma
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Table 3 Oddsratios for idiopathic pulmonary fibrosis in relation to selected items from personal and child’s medical history

Gender and age adjusted

Multivariate adjusted!

No. (%) Odds 95% confidence Odds 95% confidence
Variable Cases Controls ratio interval ratio interval
Personal history
Hypertension 28 (26.9) 15 (25.0) 1.00 0.48-2.14 0.56 0.23-1.35
Hyperlipidaemia 10 (9.6) 4 (6.7) 1.63 0.50-6.37 1.35 0.34-6.39
Coronary disease 10 (9.6) 3(5.0) 1.58 0.45-7.39 1.31 0.32-6.76
Diabetes mellitus 13 (12.5) 7(11.7) 0.95 0.36-2.74 1.43 0.46-4.76
Hepatitis C virus 7 (6.7) 4 (6.7) 0.85 0.22-3.60 0.80 0.15-4.27
Tuberculosis 7 (6.7) 9 (15.0) 0.35 0.12-1.03 0.58 0.17-1.94
Asthma 4(3.9) 6 (10.0) 0.39 0.09-1.48 0.22 0.04~1.09
Atopic dermatitis 2(1.9) 1(1.7) 1.31 0.12-29.99 1.76 0.12-46.06
Allergic rhinitis 12 (11.5) 4 (6.7) 1.96 0.62-7.58 2.00 0.53-9.19
Child's history
Asthma 12 (11.5) 5(8.3) 1.56 0.53-5.33 1.82 0.54-7.04
Atopic dermatitis 9 (8.7) 9 (15.0) 0.56 0.20-1.56 0.91 0.30-2.77
Allergic rhinitis 30 (28.9) 11 (18.3) 1.94 0.89-4.49 2.49 1.01-6.54

TAdjusted for age, gender, region, pack-years of smoking, employment status, occupational exposure and BML

or atopic dermatitis, was significantly related to an
increased risk of IPE Hypertension, hyperlipi-
daemia, coronary heart disease, diabetes mellitus,
hepatitis C virus infection, tuberculosis, asthma,
atopic dermatitis and allergic rhinitis were not
significantly associated with the risk of IPF after
adjustment for potential confounders, although
cases were more likely to have suffered from allergic
rhinitis and were less likely to have been asthmatic
than control subjects.

The prevalence of allergic disorders has been
increasing in Japan.' In particular, the prevalence of
allergic rhinitis was likely to be underestimated in the
present study because the disorder was defined as
being present when subjects had been under medical
treatment. The prevalence of seasonal rhinitis, which
was defined as having symptoms from February
to May, was 28.8% among Japanese male railway
employees."” The consequence of such a hypothetical
misclassification would have been to introduce a bias
toward the null hypothesis. A previously cited study
also demonstrated an inverse association between
advancing age and the prevalence of allergic rhinitis."?
A significant positive relationship between having a
child with a history of allergic rhinitis and the risk of
IPE, as identified in this study, may support the cau-
sality. Genetic predisposition to allergic rhinitis or the
joint effect of the genetic background and environ-
mental factors such as exposure to metal dust and
smoking, may be associated with the development of
IPE

Our results are in contradiction to a recent Japanese
case-control study showing a significant positive
association between diabetes mellitus and the risk of
IPE® In the present investigation, the definition of dia-
betes mellitus was crude because only individuals
who had been receiving dietary or drug treatment
were considered to be diabetics and results of fasting
blood sugar or glycosylated haemoglobin testing were
not available. Thus, latent or untreated diabetics were

missed, and such misclassification may have masked
a true positive association. Matsuse et al. found that
all lung tissue samples obtained from seven necropsy
cases with IPF showed strong advanced glycation
end-product expression on alveolar macrophages.®
Advanced glycation end-product modification may
be involved in the pathogenesis of IPE An animal
experiment demonstrated that the morphological
grade of fibrosis in mice with streptozotocin-induced
diabetes was more severe than that in mice treated
with bleomycin alone.' Lack of a positive relationship
between hypertension or hyperlipidaemia and the
risk of IPF in this study is in agreement with a previ-
ously cited study in Japan. However, caution is
needed in interpreting our findings because hyper-
tension and hyperlipidaemia were defined by the use
of drugs. The reported OR associated with such dis-
eases may have been underestimated.

With regard to hepatitis C virus infection, our find-
ings are in agreement with a UK observation,” but at
variance with previous Japanese and Italian studies
that showed an increased prevalence of hepatitis C
virus infection in patients with IPE>® The discrepancy
between our results and those from the previous
Japanese study might be ascribed to the high false-
positive rates from the first generation ELISA tests
used in the previous Japanese study’ Eight of 60
patients with IPF were, however, hepatitis C virus-
RNA positive in the previously cited Italian study.* The
prevalence of hepatitis C virus positivity is high in
Japan as well as in Italy. Egan et al. suggested that it is
most likely that the relationship between hepatitis C
virus infection and IPF is spurious and reflects the
background rate of hepatitis C virus infection.'

The present study had methodological advantages.
Cases were selected according to the most recent
diagnostic criteria and extensive information on
potential confounding factors was incorporated.
Weaknesses of this study should be borne in mind.
Although selection bias in the choice of cases was
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not likely to have occurred because of the high
response rate (only three eligible patients refused),
control subjects may not have been representative of
the general population from which the cases arose,
because almost all controls were hospitalized
patients with acute bacterial pneumonia. In fact,
the prevalences of hypertension and diabetes
mellitus were relatively high in the present study. In a
population-based case-control study of acute myo-
cardial infarction in Fukuoka, Japan, the proportions
of persons with hypertension and diabetes mellitus,
using the same definitions as in this study, were 13%
and 10%, respectively, among 260 male controls less
than 65 years of age, and 21% and 8%, respectively, in
212 male controls aged 65 years or over."” The corre-
sponding figures for hypertension and diabetes mel-
litus in the present study were 27% and 10%,
respectively, in 30 male controls less than 65 years
old, and 28% and 16%, respectively, in 25 male con-
trols aged 65 years or over. Our control subjects may
have been likely to have had histories of medical
conditions such as hypertension and diabetes melli-
tus. Such a hypothesis would give rise to an underes-
timation of our results. If acute bacterial pneumonia
shared risk factors with IPE the reported OR would
have been underestimated. Eligible control subjects
with acute bacterial pneumonia were not likely to be
recruited during the summer months because of sea-
sonal variation in this disease. The ratio of controls to
cases was below 1:1 and our investigation did not
have substantial statistical power. In the present
study, the percentages of atopic dermatitis sufferers
among cases and controls were 1.9% and 1.7%,
respectively. A case-control study is not suitable for
studying rare exposures.

Our findings suggest that a genetic predisposition
to allergic rhinitis may be associated with an
increased risk of IPE Further investigations with more
precise and detailed exposure measurements are
required to confirm whether allergic rhinitis is an
independent risk factor for IPE and to clarify our
results that showed lack of a relationship between
diabetes mellitus and IPE which was in disagreement
with previous reports.
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Abstract

In the 1960s, the incidence of amyotrophic lateral sclerosis (ALS) in the Kozagawa and Koza areas in Wakayama prefecture
was much higher than that in other areas of the world. However, between 1980 and 1993, a gradual decrease in the
incidence of the disease in these areas was reported. To ascertain whether the decreased incidence has persisted, we
conducted a retrospective epidemiological study, and determined the average annual incidence of ALS in Wakayama
prefecture from 1998 to 2002. The number of ALS cases encountered during the period was 134 (male 79, female 55). The
crude average annual incidence in Wakayama prefecture in total was 2.50 (male 3.08, female 1.99) per 100,000. In the
Kozagawa and Koza areas in Wakayama prefecture, where the senility rate rapidly increased in recent years, the average
annual incidence of ALS in the present research was 10.56 (male 14.14, female 7.66). When the crude rate was
standardized for both age and sex to the Japanese population in 1990, the expected value was 5.24 (male 7.34, female 3.18),
which was lower than thar of our previous survey. The prevalence in Wakayama prefecture at 31 December 2002 was 11.31
(male 14.40, female 8.53). In KKozagawa and Koza areas, the crude prevalence was 52.81 (male 70.70, female 38.28). These
results indicated that the incidence of ALS in Wakayama prefecture, especially for females, steadily decreased compared to
that in previous reports. However, a high incidence of ALS persisted among males in Wakayama prefecture, especially in the
Kozagawa and Koza areas. Some environmental factors and gender specificity may be related to the decreased incidence of
ALS in focus areas.

Key words: Focus ALS, Kii-ALS, environmental factor, incidence

Introduction decreased steadily except in the Kozagawa area,
where the crude incidence rate was reported to be
9.54 (two ALS cases within five years: 4193 base
population) (3). The environmental or socioeco-
nomic changes over 30 years probably played some
roles in the decline in ALS occurrence in Kii
Peninsula (4,5). This study documented the inci-
dence and prevalence of ALS in Wakayama pre-
fecture of the Kii Peninsula during five recent years
and investigated whether a continuous decline in the
occurrence of the disease persisted.

Amyotrophic lateral sclerosis (ALS) is a devastating
disease affecting the upper and lower motor neu-
rons, causes of which are unknown. Retrospective
studies reported that the incidence of ALS in the
world varied from 0.6 to 2.6 per 100,000 of the
population and the prevalence from 1.6 to 8.5 per
100,000 of the population. In the southern part of
the Kii Peninsula of Japan as well as on the island of
Guam, the incidence and prevalence rates of ALS in
the 1960s were 100 to 150 times higher than those of
other countries in the world (1,2). However, over 30

years’ follow-up studies in Kii Peninsula foci
(Kozagawa in Wakayama prefecture and Hobara in
Mie prefecture) demonstrated a marked decline in
the incidence of ALS. A previous study during the
period 1989 to 1993 in Wakayama prefecture also
indicated that the incidence rate of the disease

Methods
Area of mvestigation

The Kii Peninsula is located in the central southern
part of the Japanese mainland, facing the western
Pacific Ocean with a rugged coast and steeply
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mountainous regions about 1000 m above sea level
(Kumano mountains) (Figure 1). Wakayama pre-
fecture covers the southwest side of the Kii
Peninsula, and includes seven cities, 36 towns, seven
villages and eight public health districts with a
resident population of 1,069,912 (male 506,882,
female 563,030, in the 2000 census). Demographic
data of Wakayama prefecture are shown in Table 1.
In the Kozagawa and Koza areas, immigrant influx
and emigration rate to other areas have been very
low. The proportion of people over 65 years old in
Wakayama prefecture increased 3 times in the past
40 years. In Kozagawa and Koza areas, the senility
rate rapidly increased in recent years. With regard to
the proportion of the employed population, there
was no difference between Wakayama prefecture in
total and the focus areas (Table I). From south to
north, the province includes three different geo-
graphic and economic regions (mountainous, level,
and urban areas). The area of investigation was
divided into these three regions (from region A to
region C as shown in Figure 1). Region A is in the
most northern section of the prefecture and is an
economically developing region with a flat and

mildly mountainous area; region B includes the
prefecture’s capital and urban area; region C is
predominantly rural area with a rugged coast and
steep mountains. Region C covers a geographically
large part of the Wakayama prefecture, and includes
the high incident area of ALS (Kozagawa and Koza
areas) which is subdivided as region C (f). Each
region has several main hospitals and public health
centers.

Case collection and ascertainment

First, two mail survey questionnaires at 589 clinics and
hospitals where ALS would be potentially diagnosed
were conducted from 1 January 1998 to 31 December
2002. Physicians in these medical facilities were asked
to register all patients diagnosed with ALS during that
period according to the modified El Escorial diagnostic
criteria (6). Second, the Wakayama Prefecture’s List
of Patients with Intractable Disease (WPLPID, as
certified by the Ministry of Health and Welfare of
Japan) were used for ascertainment. All cases of
progressive bulbar palsy (PBP) and primary lateral
sclerosis (PLS) were included among the incident

{%

1\

Figure 1. Wakayama prefecture, covering level and mountainous areas of 4725 km?, is situated in the middle of the Japan mainland
between 33°25" and 34°23'N and 136°0' and 134°59E. Subdivisions into regions in Wakayama prefecture are shown as A, B, C and C(f).
Sources: Statistics Bureau, MIC and Statistical Handbook of Japan, Statistics Bureau, MIC.
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cases for this study, but familial progressive muscular
atrophy was excluded. All cases were diagnosed by
neurologists (registered with Societas Neurologica
Japonica: Japanese Association of Neurology) at the
main hospitals in Wakayama prefecture (Wakayama
Laborer’s Hospital, Japan Red Cross Hospital,
Wakayama Medical University, and other public
hospitals) and were verified for this survey by the
authors. ALS patients were registered using the initials
of their name, gender, date of birth, and residence
area as well as their clinical data. To maintain the
confidentiality of each personal record, we used the
patient’s initials and municipality of residence rather
than full names and detailed addresses. The protocol
of this study was approved by the Wakayama Medical
Ethics Association.

Since the crude incidence and mortality rate
generally increase with age, it is difficult to compare
those rates between two populations with different
age distribution simply, e.g., an area with predomi-
nantly young population and that with predomi-
nantly elderly population. When comparing those
rates in this study, we used age-adjusted rates that
can be compared without the influence of age
distribution.

Age-adjusted rates were calculated by direct
methods using the population in 2000 and in 1990

Staristical analysis

The difference in proportions was assessed with the
y? test, and that in incidence and mortality rates was
analysed by Z score. The differences were assessed
with two-sided tests, with an alpha level of 0.05;
95% confidence intervals (95% CI) for incidence
and mortality were calculated assuming a Poisson
distribution.

Results

The questionnaire response rate was 58% on the
first occasion, and 99% on the second. There were
215 Japanese cases registered as having MND in
Wakayama prefecture. Of these, 134 (male 79,
female 55) cases were newly diagnosed as possible,
probable, or definite ALS during the five-year period
between 1998 and 2002 (Table II). Of the 215
cases, 121 patients with ALS were living in
Wakayama prefecture on 31 December 2002.

Clinical fearures

The clinical features of the 134 ALS cases are listed in
Table III. The male/female ratio was 1.43:1, different
from that of the general population of Wakayama

in Japan as the standard. prefecture  (direct method) (¥*=7.21, df=1,
Table II. Number of cases during the 5-year study period.
Number of patients Number of deaths
Year Total Male Female Total Male Female
2002 20 8 12 2 1 1
2001 35 20 15 7 4 3
2000 19 16 3 9 8 1
1999 33 22 11 15 10 5
1998 27 13 14 13 5 8
Annual average 26.8 15.8 11 9.2 5.6 3.6
Total 134 79 55 46 28 18
Table III. Clinical characteristics of patients (1998~2002).
Total 134 %
Male/Female 79/55 1.43/1
Family history (+) 5 3.73
Clinical signs at onset Bulbar 27 20.15
Bulbar and upper limb 8 5.97
Upper limb disturbance 41 30.60
Lower limb disturbance 24 17.91
Upper and lower limb disturbance 16 11.94
Respiratory disturbance 6 4.48
Primary lateral sclerosis 2 1.49
Not defined 10 7.46
ALS associated with dementia 8 5.97
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Figure 2. Ages at onset of 134 patients with ALS in Wakayama
prefecture, 1998-2002.

p<0.0073). Five cases (3.73%) had familial ALS
based on detailed family history. The most frequent
clinical sign at onset was upper limb disturbance, and
the second was bulbar sign. The mean age at onset was
65.7+9.4 years (mean+SD, range 40-85 years),
65.71+9.6 for males (range 40-85 vyears), and
65.8+ 9.3 for females (range 41-82) (Figure 2).

Incidence

Incidence rates based on the newly diagnosed 134 ALS
cases are shown in Table IV. The average annual
crude incidence in Wakayama prefecture was 2.50
(male 3.08, female 1.99) per 100,000 population. The
incidence rates of ALS in Wakayama prefecture after
adjustment for both age and gender to the 2000 or
1990 Japanese population (direct method) were 2.23
and 1.84 respectively (95% CI 1.33-3.21), 2.27 and
2.19 for male, and 1.79 and 1.51 for female. There was
no significant difference in the age- and gender-
adjusted incidence rates between males and females
(#*=0.2, df=1, p<NS). Regarding the age- and
gender-adjusted incidence rates according to the three
regions of Wakayama prefecture (regions A, B, and C),
a Jow tendency of the incidence rate for females in the
urban area (region B) of 1.43, when age-adjusted to
the 2000 Japanese females was indicated, but there was
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no significant difference (y*=0.43, df=3, p<NS). The
highest age- and gender-adjusted incidence was for
males in Kozagawa and Koza areas (region C (f)) (9.53
age-adjusted to the 2000 Japanese population) with
significant difference (x2=3.77, df=1, p=0.05). There
were five ALS cases diagnosed during the survey
period at Kozagawa and Koza areas (base population
4243 for males and 5225 for females). The average
annual incidence for ALS was consistently higher for
males than for females in all regions. There were no
cases diagnosed before 39 years of age, and the
incidence generally increased with advancing age.
Regarding the incidence per 5-year age class, two
peaks were found for males at 11.66 per 100,000
population between 60 and 64 years, and 14.41 per
100,000 population between 80 and 84 years. For
females, a peak was found at 7.73 per 100,000
population between 70 and 74 years (Figure 3). The
incidence at 80 to 84 years of age was significantly
higher in males than in females (4¥*=5.56, df=1,
p<0.01).

Prevalence

There were 121 patients (male 72, female 49) with
ALS residing in the community on the prevalence
assessment date of 31 December 2002. The crude
prevalence in Wakayama prefecture on the preva-
lence day was 11.31 (14.40 per 100,000 population
for male, 8.53 per 100,000 population for female).
Geographically, the prevalence rates were almost
equivalent in these 3 blocks except for region C(f),
where the rate was highest at 52.81 per 100,000
population (70.70 for males and 38.28 for females
(Table V).

Morraliry

The mortality rate was calculated based on deaths
due to ALS each year. The crude annual mortality
rate was 0.86 per 100,000 population (males 1.10,
females 0.64). The age-specific mortality rate
adjusted to the 1990 Japanese population was 0.58
per 100,000 population (males 0.72, females 0.44)
(Table VI). The disease duration of all registered

Table IV. Number and average annual incidence per 100,000 population for ALS in Wakayama Prefecture, 1998-2002.

Males

Females

Total

Number Crude Age adjusted

Number Crude

Age adjusted Number Crude Age adjusted

District# of cases  rate rate®(**) of cases  rate rate*(**) of cases  rate rate*(**) 95% CI
A 17 3.21 3.26 (2.66) 12 2.08 2.06 (1.66) 29 2.62  2.65 (2.16). 0.50-4.79
B 32 2.95 2.63 (2.02) 20 1.65 1.43 (1.21) 52 2,26 2.05 (1.66) 0.74-3.35
C 30 3.27 2.72 (2.28) 23 2.14 1.76 (1.52) 53 3.35 2.21 (1.87) 0.74-3.69
C® 3 14.14 9.53#4# (1.34) 2 7.66 4.16 (3.18) 5 10.56 6.57 (5.24)

Total 79 3.08 2.72 (2.19) 55 1.99 1.79 (1.51) 134 250 2.23(1.84) 1.33-3.12

* Rate adjusted to the Japanese 2000 population. ** Rate adjusted to the Japanese 1990 population.

#: District as shown in Fig. 1.
#44: y7=3.77, df=1, P=0.05.
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