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Although both tobacco smoking and air pollution are believed to be environmental
factors affecting the prevalence of chronic obstructive pulmonary disease (COPD)
and bronchial asthma, the mechanisms by which they induce/aggravate these
diseases are still not known in detail. While smoking has been demonstrated to
cause and aggravate COPD and bronchial asthma, the influence of air pollution,
suspected to have hazardous environmental effects since the historical episodes of
severe air pollution such as the London Smog, on the prevalence of airway diseases
remains unclear. This is due, in part, to changes over time in the nature of the air
pollutants concerned. There have been no consistent findings on the effects on
airway diseases of air pollutants at levels currently observed in developed coun-
tries. It is believed that cessation of smoking is the most important factor in
preventing the development of COPD. —————— COPD; bronchial asthma; smok-
ing; air pollutants; London Smog (© 1998 Tohoku University Medical Press

Smoking, a well-known risk factor for a wide range of diseases and conditions
including cancer, hypertension, arteriosclerosis, and cerebral apoplexy, is an
important cause of chronic obstructive pulmonary disease (COPD) (Bascom et al.
1996a, b). Tobacco smoke contains about 4000 chemicals that have been
identified, and about 200 of these chemicals are considered toxic. Examples
include hydrogen cyanide (HCN), ammonia, formaldehyde and acrolein, which
may inhibit ciliary movement in the airway, and stimulants such as glycol,
aldehyde and ketones may cause coughing, airway narrowing, inhibition of ciliary
movement, and hypersecretion of airway mucosa at levels of 60 ppm for acrolein,
120 ppm for formaldehyde, and 300-1500 ppm for HCN. People have come to
recognize the hazards of smoking, but, the number of female smokers has tended
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to increase over time, even over the hazards of maternal smoking for infants anc
fetuses.

Episodes of severe air pollution have occurred in many parts of the world
including the pollution disasters in the Meuse Valley in Belgium, in Donora in the
United States, and the London Smog in England. In Japan, episodes of severe
air pollution causing Yokkaichi asthma have occurred, and air pollution has been
acknowledged as an environmental factor in the development of COPD. Since
the occurrence of these episodes, developed countries have promoted pollution
control activities, and air pollution by dust and sulfur oxides associated with the
combustion of petroleum and coal have all but ended. However, new concerns
must be faced: Outdoor air pollution associated with the increased use of motor
vehicles, and indoor air pollution resulting from the use of heaters and cooking
ranges.

COPD and bronchial asthma differ in etiology and pathology, and environ-
mental factors affecting these diseases are usually discussed separately. However,
some patients have intermediate types of respiratory diseases that make distin-
guishing between COPD and asthma difficult. This article discusses external
environmental factors that may affect COPD and asthma, focusing on air pollu-
tion and smoking.

Changes in Definition of COPD and Bronchial Asthma

In 1995, the Expert Committee of the American Thoracic Society defined
COPD as “a pathological state characterized by the presence of airflow obstruction
caused by chronic bronchitis or emphysema,” and mentioned that patients with
chronic bronchitis or emphysema who do not exhibit findings of obstructive
airway disorders should not be diagnosed with COPD. Based on these criteria,
some types of chronic bronchitis, i.e., all types of nuncomplicated chronic bronchi-
tis and chronic purulent bronchitis without obstructive airway disorder, are
excluded from the category of COPD (Celli et al. 1995). In fact, it has been
reported that patients suffering cough and excessive sputum production but free
of obstructive airway disorder account for at least half of the patients with chronic
bronchitis (Satake 1975).

In the past, chronic bronchitis was thought to follow a course from simple
bronchitis to mucopurulent bronchitis, to obstructive type bronchitis, and all
types of chronic bronchitis including uncomplicated and mucopurulent types were
generically referred to as COPD. However, this type of progression of chronic
bronchitis was denied by Fletcher et al. (1976). Fletcher et al. (1976) followed
male workers for 8 years and reported that while patients with chronic bronchitis
and obstructive airway disorder had a poor prognosis characterized by progressive
respiratory failure and death, patients who had chronic bronchitis but were free
of obstructive airway disorder exhibited only the natural rate of decline in
ventilatory function associated with aging. Their condition did not result in
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death from poor ventilation, even if they developed recurrent airway infections.
Patients with obstructive airway disorder exhibit more rapid deterioration of
ventilatory function associated with aging than those without obstructive airway
disorder; the curve shows that some patients over 65 years of age develop COPD
and disability due to difficulty of breathing. The ventilatory function tests
obtained from individuals with obstructive airway disorder usually exhibit a
Gaussian distribution. Although there might not be a definite threshold separat-
ing from those without obstructive airway disorder, it is generally believed that
the subgroup does not change over time (Fletcher and Peto 1977).

Celli et al. (1995) also mentioned that in the past, bronchial asthma, a disease
most typically characterized by airway hyperresponsiveness, was categorized as
COPD. However, bronchial asthma is now thought to be characterized by airway
inflammation in which complicated cellular/chemical mediator mechanisms play
roles. It is therefore appropriate and useful to consider COPD and bronchial
asthma as separate disease entities. However, Celli et al. (1995) also mentioned
that “airflow obstruction noted in many patients with COPD may include some
important reversible factors, and some patients with bronchial asthma may
develop irreversible airflow obstruction that is difficult to distinguish from
COPD.” Tt is also true that there are some patients for whom neither COPD nor
bronchial asthma can be clearly diagnosed.

Effects of Tobacco Smoking

It has been clearly shown that tobacco smoking significantly affects the
development/aggravation of COPD, and the causal relationship between smoking
and the development/aggravation of COPD appears to have been clearly demon-
strated as well. However, it is still unclear which components of tobacco smoke
and which mechanisms play roles in the development of COPD. Further studies
of these components and mechanisms should be investigated. One of the most
convincing hypotheses is the so-called “imbalance hypothesis,” in which oxygen
radicals in tobacco smoke damages the protease/antiprotease balance.

Effects of actwe smoking

It has been demonstrated that tobacco smoking is a cause of COPD (Hanraha
et al. 1996). The rate of progression of obstructive airway disorder is increased by
tobacco smoking, depending on the number of cigarettes smoked (Xu et al. 1992).
A large number of animal experiments have demonstrated a dose-effect relation-
ship between smoking and hyperplasia of bronchial glands (Mawdesley-Thomas
and Peto 1973). Fletcher and Peto (1977) reported that about 15%, of smokers
are susceptible to smoking-related irreversible obstructive changes which may
negatively impact activities of daily living, and some of these susceptible smokers
may suffer disability by 65 years of age. Even if these susceptible smokers quit
smoking at a younger age, airway obstruction is irreversible: Ex-smokers exhibit
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progression of alrway obstruction at a rate similar to that in healthy never-
smokers. They also mentioned that ventilatory function in the remaining 85%, of
smokers exhibits a Gaussian distribution, from a level similar to that in healthy
individuals who have never smoked to severe airway obstruction usually noted in
the 15%, “susceptible” smokers noted above. It has also been reported that
tobacco smoking accounts for 80-909%, of the risk of development of COPD (Cell1
et al. 1995); only 5%, of male patients with chronic bronchitis are non-smokers
(Oswald et al. 1953); the rate of mortality from COPD in non-smokers is less than
109, of that of lifetime smokers (Doll et al. 1994); and that the number of deaths
from COPD increases depending on the number of cigarettes smoked, but even
modest smoking, of 1-14 cigarettes/day, increases the rate of mortality from
COPD by at least 8 times compared with that of non-smokers (Doll et al. 1994).

It has been demonstrated that tobacco smoking can cause emphysema (Saetta
et al. 1985). This is supported by necropsy findings: While only a small percent-
age of non-smokers aged 60 years or older exhibited mild emphysema at necropsy,
most smokers aged 60 years or older exhibited emphysema-like lesions, and a
quarter of such patients exhibited severe emphysematous changes (Ryder et al.
1971). In a necropsy study of smokers, emphysematous lesions were noted in
almost all smokers who died of respiratory failure, and even among smokers who
died for other reasons, emphysematous lesions were noted in 65%, of cases (Snider
1989). Many studies have demonstrated that animals exposed to tobacco smoke
often exhibit emphysematous changes (Hermandes et al. 1966; Auerbach et al.
1967; Park et al. 1977, Huber et al. 1981).

Inconsistent findings have been obtained concerning the presence or absence
of a relationship between smoking and bronchial asthma: Some studies have
found an increase in serum IgE associated with smoking (Arshad et al. 1992),
while others have found no difference in serum Igl levels between non-smokers
and smokers (Thien et al. 1993). However, it appears that smoking may play a
role in the onset of bronchial asthma (Martinez et al. 1988).

Effects of passive smoking

Passive smoking may be related to some extent to the development of
respiratory disease. Passive smoking causes a relatively mild obstructive airway
disorder (from 1 to 5%, reduction in pulmonary function level) in children (Weiss
et al. 1983). The prevalence of asthma in children 5 to 9 years of age was 1.8%,
for those whose parents were nonsmokers (0 cigarettes/day), 6.8%, for those with
one smoking parent, and 11.8%, when both parents smoked (Weiss et al. 1980).
The prevalence of chronic cough in children aged 11 or under was 35%, for those
whose parents were non-smokers, 42%, for those with one parent who smoked, and
48%, when both parents smoked, suggesting an increase in prevalence of chronic
cough associated with parenteral smoking (Charlton 1984). Asthma is frequently
observed in children when a parent, particularly the mother, smokes (Newman-
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Taylor 1995). However, many studies have found no relationship between
passive smoking and the onset of pediatric asthma. The prevalence of pulmonary
infection was high in infants under 1 year of age whose parent(s) smoked (Harlap
and Davies 1974). The prevalence of respiratory disease was about 3 times higher
for children aged 16 years or under whose parent(s) smoked than for non-smokers’
children of the same age group (Cameron et al. 1969). Passive smokers had
bronchial asthma, chronic bronchitis and difficulty breathing more frequently
than do non-smokers (Leuenberger et al. 1994). Individuals exposed to tobacco
smoke had respiratory symptoms significantly more frequently than did non-
smokers (Simecek 1980). Studies consistently described a significantly higher
prevalence of respiratory symptoms for passive smokers than for non-smokers
(Martinez et al. 1988). Indoor air pollutants such as NO, did not induce respira-
tory symptoms in children, while passive smoking did increase wheezing in
children (Dijkstra et al. 1990). However, it has yet to be determined whether
passive smoking causes COPD.

Effcts of Air Pollution

The London Smog was an episode of air pollution mainly caused by the
combustion of coal for domestic heating. During a several-day period beginning
December 5, 1952, airborne particles and sulfur dioxide remained in a sub-
inversion layer that developed over the entire country of England. The levels of
poliutants peaked on December 7 and 8 at 4.46 mg/m® for airborne particles and
1.339 ppm for sulfur oxide (During this period many individuals, particularly
elderly ones, manifested severe illness characterized by respiratory distress,
cyanosis, slight fever and/or bubbling rales, and excess mortality was especially
pronounced in elderly individuals aged 70-80 years or older.) (Holland and Reid
1965).

In Japan, air pollution mainly by sulfur oxides began to occur in major
industrialized areas in the early 1960’s. Particularly in the region surrounding
the Yokkaichi petrochemical complex, gale pollution, a type of air pollution
distinctly different from the calm smog of the London Smog, by sulfur dioxides
was severe. The episode known as Yokkaichi air pollution was especially severe
in the Shiohama area, where respiratory disease developed in many residents. It
has recently been pointed out that the direct cause of air pollution in this case was
the direct exposure of individuals to sulfuric acid mist emitted at high levels from
certain plants (Toyama 1979). The Yokkaichi episode attracted public attention,
and air pollution began to be considered a serious social problem. This severe air
pollution lasted until the early 1970°s (Fig. 1).

In these circumstances, air pollution came to be considered an environmental
cause of COPD and asthma. However, the principal environmental problem in
developed countries is currently air pollution due primarily to NO, emitted from
motor vehicles. Diesel exhaust particles (DEP) are another pollutant of current
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Fig. 1. Changes over time in simple mean of average sulfur oxide levels obtained
from 15 fixed stations. Quoted from the Report of the Expert Committee on
an Assessment of the Relationship between Air Pollution and Health Hazards
by the Environmental Health Section, Central Council for Environmental
Pollution Control of the Ministry of Health and Welfare Japan (April 1986).

concern.

Outdoor avr pollution

School children are the principal subjects in reports describing the occurrence
of asthmatic attacks or aggravation of airway hyperresponsivenss associated with
outdoor air pollutants such as SO,, NO, and O;. Orehek et al. (1976) noted that
one-hour exposure to NO, at 0.01 ppm, a level and a duration which may be
encountered in modern daily living conditions, increased airway hyperresponsive-
ness in patients with bronchial asthma. However, some studies have found no
changes in airway hyperresponsiveness in patients with bronchial asthma who
were exposed to NO, at levels higher than 0.01 ppm for 1 hour (Avol et al. 1981,
Linn et al. 1986; Bylin et al. 1995). Even recently, school children living in
industrialized areas exhibited an increase in airway hyperresponsiveness compar-
ed with those living in non-industrialized areas (Soyseth et al. 1995). It has also
been reported that even healthy volunteers exhibited an increase in airway
hyperresponsiveness following inhalation of O,. A study found that continuous
inhalation of O, for 3days or longer may instead lead to adaptation to O,
exposure (Dimeo et al. 1981). A study conducted in Philadelphia in the United
States reported that total mortality including deaths from COPD, bronchial
asthma and heart diseases was proportional to levels of SO, and total density of
suspended particles (Schwarts and Dockey 1992). Patients with bronchial
asthma who inhaled an allergen together with SO, 0.02 ppm and NO, 0.4 ppm for
6 hours exhibited increased reactivity to the allergen (Devalia et al. 1994a).
These findings indicate that air pollution may aggravate symptoms in patients
who already have asthma or other respiratory diseases. However, many studies
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found no changes in the severity or frequency of asthmatic symptoms during air
pollution, and a report on air pollution prepared by the American Thoracic
Society failed to yield consistent findings in an evaluation of effects of air
pollutants on the rate of occurrence of asthmatic attacks (Bascom et al. 1996a, b).

Can the above-mentioned air pollutants induce the onset of asthma ? Some
studies have suggested that asthmatic attacks are caused mainly by allergic
reactions in younger patients, but, as patients age, attacks tend to be caused by
infection. Burrows et al. (1989), however, suggested that even in elderly patients
who generally have low IgE levels as a result of the natural aging process,
asthmatic attacks are caused by allergic reactions. This is based on the finding
in a comparison of asthmatic and non-asthmatic elderly individuals that the
relationship between IgE levels and timing of asthmatic attacks in elderly indi-
viduals is similar to that between IgE levels and asthmatic attacks in younger
asthmatics. Inhalation of diesel-exhaust particulates (DEP) increased the num-
ber of IgE secretory cells in nasal lavage fluid (Diaz-Sanchez et al. 1994).
However, since an increased IgE level itself does not provoke bronchial asthma,
the findings of the studies noted above do not support the hypothesis that air
pollution provokes bronchial asthma. Mice given intraperitoneal injections of
ovalbumin mixed with DEP exhibited significantly greater IgH antibody produc-
tion than mice treated with ovalbumin alone (Murakami et al. 1987). This
finding suggests that a relationship may exist between the increase in number of
diesel vehicles and increased prevalence of pollinosis. Enhanced IgE production
has also been demonstrated in mice exposed to transnasal ovalbumin (Takafuji et
al. 1987). It has been reported that air pollutant gases may aggravate the
severity of allergic airway diseases (Devalia et al. 1994b).

Of the 5 areas in the United States which have experienced major air pollu-
tion from the beginning of the 1970s, 4 areas have exhibited an increase in the
prevalence of chronic bronchitis, with the amount of increase depending on the
level of sulfur oxides (Champan et al. 1973). In a study of younger children, the
prevalence of respiratory infection was highest in the geographical area with the
highest SO, concentration (0.06 ppm) (Douglas and Waller 1966). In another
study, the prevalence of symptoms of chronic bronchitis was related to the
severity of air pollution; however, no such relationship was observed for bronchial
asthma (Bjorsson et al. 1994). In an evaluation of findings obtained in Yokkaichi
during the 21-year period between 1963 and 1983, increases in SO, levels were
found to be related to increased mortality from chronic bronchitis and bronchial
asthma, and a decrease in SO, levels was associated with a prompt decrease in
mortality from bronchial asthma, and, with a time lag of 4-5 years, a decrease in
mortality from chronic bronchitis (Imai et al. 1986). Similarly, seasonal allevia-
tion of air pollution has been found to be associated with an improvement of
obstructive airway disorders in patients with COPD (Pope et al. 1993). However,
it appears that these results were obtained without making a clear distinction
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between the effects of air pollution and those of tobacco smoking.

In the United States, smokers have COPD symptoms more frequently than do
non-smokers. However, one study reported that the prevalence of symptoms of
COPD was high in a geographical region with no air pollution (Detels et al. 1979),
while another study found a correlation between the level of dust fall and
mortality from bronchitis (Toyama 1979).

In contrast to smoking, air pollutants only minimally induce COPD or
bronchial asthma in experimental animals. Studies of the effects of SO, on
bronchitis models reported that SO, had no effects on the airways of animals
exposed at levels which humans might encounter in daily life (Alarie et al. 1972;
Amdur 1974), but that exposure to SO, at 10 ppm for 72 hours had severe effects
including swelling of the airway and exfoliation of airway epithelium in mice
(Giddens and Fairchild 1972). SO, has been used for the preparation of animal
models of bronchitis (Reid 1963; Chakrin and Saunders 1974), but the level of SO,
required to induce pathological changes in airway epithelium has been reported to
be much higher than the levels commonly measured during episodes of air
pollution.

There have been no reports suggesting that air pollution can cause em-
physema in humans. An animal study reported that exposure to NO, at 20 ppm
for 30 days caused emphysema-like changes (Evans et al. 1976). Exposure to
NO, at levels lower than 20 ppm have been reported to induce slight and localized
alveolar disruption only when exposure 1s accompanied by administration of a
protease (Lafuma et al. 1987) or viral infection (Fenters et al. 1973). Low level
NO, alone does not appear to induce emphysema (Port et al. 1977; Ehrlich and
Fenters 1973). It appears that the differences in water solubility between SO,
and NO, affect the distances these molecules can reach in the lung. While SO,
tends to deposit in the central conducting airways, NO, can reach peripheral
airways. Thus, depending on the site of their deposition, gases which are trans-
formed to strong acids following deposition in tissues may cause different diseases:
Chronic bronchitis by SO,, and emphysema by NO, (Bascom et al. 1996a and b).

Indoor air pollution

In addition to outdoor air pollution, indoor air pollution caused by the use of
household appliances has been considered a possible cause of respiratory symp-
toms. Cooking with a gas stove will result in emission of 0.2-0.4 ppm of NO, in
the kitchen. The NO, level resulting from this emission may peak as high as 1.0
ppm (Harlos 1988). However, an indoor NO, concentration of about 0.04 ppm
did not affect the prevalence of cough and asthmatic symptoms in infants under
18 months of age (Samet et al. 1993). Indoor air pollution aggravates the symp-
toms of adult asthmatic patients (Ostro et al. 1994). One-hour inhalation of NO,
at 0.4 ppm resulted in a significant decrease in forced expiratory volume in one
second (FEV1) in patients with bronchial asthma, suggesting that indoor NO,
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may aggravate asthmatic symptoms in individuals with asthma as an underlying
disease (Tunnicliffe et al. 1994). Risk factors for asthma in 3- and 4-year-old
children were smoking by the mother, use of a humidifier in the child’s room, a
history of pneumonia, the absence of breast feeding, a family history of asthma,
and high indoor NO, concentration (Rivard 1993). By contrast, one study
reported the absence of a relationship between indoor concentrations of various
pollutants and the onset of bronchial asthma (Strachen 1988). Increases in the
rates of respiratory illnesses and symptoms found in children were more strongly
assoclated with maternal smoking than paternal smoking, but were not
significantly associated with exposure to gas cooking in the child’s home (Ware et
al. 1984). Another study reported that 2smokers in a room emit respirable
particles at an annual average of 70 yg/m® (Spengler et al. 1981).

As mentioned above, modest increases in indoor air pollution may induce
respiratory symptoms in children and asthmatic individuals, although the occur-
rence of this type of air pollution is limited to the few hours during which a
cooking stove is used.

Assessment of Effects of Air Pollution with Adjustment
for Effects of Tobacco Smoking

Other than those of epidemiological studies, there are few findings available
with which the combined effects of smoking and air pollution can be evaluated.

In order to identify air pollution, an assessment of dose-effect relationships in
humans using the results of epidemiological studies requires a suitable study
design. This includes appropriate methods of analysis to avoid the effects of
between-group bias in confounding factors (such as gender, age, environmental
history, life style, constitutional factors and past history), to determine the effects
of individual inhaled dose and the prevalence of newly developed symptoms, and
to assess the relationship between the inhaled dose and the prevalence of respira-
tory symptoms. These requirements are in fact extremely difficult to meet.

Keeping these limitations of epidemiological studies in mind, we will discuss
the findings of epidemiological studies conducted in England and Japan, a
comparison of which will be useful for evaluating the relative effects of tobacco
smoking and air pollution.

Epidemaological findings in England

The reports by Holland and Reid (1965) and Lambert and Reid (1970), in
both of which smoking and air pollution are evaluated separately, are quoted here.

Holland and Reid (1965) evaluated the presence/absence of persistent cough
and excessive sputum production in 293 residents of London and 477 residents of
a suburb with low air pollution from 1960 to 1961. The air pollution level at that
time in London was 136 mg/m? for dust fall (determined as mean amount of
deposition through 1960 and 1961 measured using a deposit gauge) and 1.65 mg/
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100 cm?/day for sulfur oxide measured by the PbO, method. They found that
non-smokers in London had a prevalence of respiratory symptoms similar to that
of non-smokers in the suburb, while in both London and the suburb even those
who smoked only lightly had twice the prevalence of these symptoms of non-
smokers in the corresponding area. In addition, prevalence increased with the
amount of tobacco consumption. Smoking plus air pollution further increased
the prevalence of cough and excessive sputum production, compared with that for
individuals smoking the same amount in the area without pollution.

In 1970, Lambert and Reid (1970) published the results of a study of the
prevalence of chronic bronchitis as related to smoking of 9975 residents in low-
and high-air pollution areas. In the low-pollution area, smoking increased the
prevalence of chronic bronchitis by 4-5 fold compared with that for non-smokers.
In a comparison of the prevalences of chronic bronchitis in non-smokers, no effects
of air pollution were observed in residents aged under 50 years, but gradually
became more apparent in residents over 50 years of age and increasing with age.
However, the effects of air pollution were not as strong as those of smoking: The
prevalence of chronic bronchitis for residents in the high pollution area aged 65-
69 years remained at most twice that for residents of the low pollution area. The
combination of smoking and exposure to air pollution resulted in a much larger
increase in the prevalence of chronic bronchitis. In the study by Lambert and
Reid (1970) no description of the measurement of concentrations of air pollutants
was included, but since their study was conducted 13 years after the London Smog
in 1950, air pollution in the area investigated may have been much less severe.
Nevertheless, the findings of their study suggested that smoking was associated
with a prevalence of cough and excessive sputum production several times that
associated with exposure to air pollution.

The areas investigated in the above studies, London and a city with a high
level of air pollution, might have had more severe air pollution in the 1950s than
during the test periods; the levels of air pollutants in the 1950s might have been
associated with higher prevalences of cough and excessive sputum production than
those observed in the above two studies. However, it is probably true that the
effect of smoking on the prevalence of respiratory symptoms was stronger than
that of the air pollution present at the time these studies were performed. If the
severe air pollution occurring during the London Smog in the 1950s caused severe
irreversible bronchitis such as that accompanied by obstructive airway disorder,
the prevalence of respiratory symptoms associated with air pollution should have
remained high in 1960 through 1965, when air pollution began to decrease.
However, the prevalence of respiratory symptoms in 1960-1965 was, in fact, not
as high as that just after the London Smog. It might be assumed that air
pollution in England had improved, as in Japan, continuously during the late
1960s and thereafter, and that smoking affected the prevalence of respiratory
symptoms more strongly than did the air pollution present at that time.
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Although transient aggravation of bronchial asthma associated with episodes of
air pollution during the period in which these 2 studies were conducted was
reported in a study of school children, no studies suggesting a consistent relation-

ship between severity of air pollution and the onset of symptoms of COPD have
been published.

Findings in Japan

Fig. 2 shows the results of a survey of the prevalence of chronic bronchitis
(diagnosed using Fletcher’s criteria) by gender, age, socioeconomic factors and
tobacco consumption conducted by the Kinki District Air Pollution Surveillance
Group (1969). Both men and women exhibited an age-associated increase in the
prevalence of chronic bronchitis. When stratified by age, all subgroups consis-
tently exhibited a tendency toward an increase in the prevalence of chronic
bronchitis with increasing tobacco consumption; the prevalence was lowest for the
group of non-smokers and highest for the group of heaviest smokers, between
which a cigarette consumption-dependent increase in prevalence was noted for
different amounts of smoking. As Fig. 3 shows, the age-adjusted prevalence of
chronic bronchitis increased in all subgroups stratified by smoking habit as the
level of air pollution increased (level of sulfur oxides measured using the PbO,
method), and when subgroups were stratified by level of sulfur oxides, the
prevalence of chronic bronchitis was lowest in non-smokers and increased as
subjects smoked more. These findings clearly demonstrate the effects of smoking
on the prevalence of chronic bronchitis.

In the study on the health effects of a combination of different pollutants
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Fig. 2. Prevalence of chronic bronchitis by age and tobacco consumption.
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respiratory symptoms by tobacco consumption. Quoted from the Environ-
ment Agency of the Ministry of Health and Welfare of Japan study on the
health effects of a combination of differeent Pollutants in 6 Areas in Japan,
1974.

conducted by the Ministry of Health and Welfare and the Environment Agency
of Japan in 1970-1974 (1974), the prevalence of cough and excessive sputum
production was evaluated, and respiratory function testing using a spirometer was
performed. The prevalences of cough, excessive sputum production and persist-
ent cough with sputum were 2 to 3 times higher for smokers than for non-smokers.
Although this study did not find a relationship between the level of air pollution
and deterioration of pulmonary function, smokers exhibited decreases in forced
expiratory vital capacity (2.3+0.51 vs. 2.1+0.41, mean+s.p.), pulmonary capac-
ity percentage (94+16%, vs. 90+ 15%,, mean-+s.p.), forced expiratory volume in
one second (FEV,) (1.94+0.41 vs. 1.74+0.41, mean+s.D.), and percentage forced
expiratory volume in one second percent (FEV,) (77+ 149, vs. 72+15%,, mean -
s.D.), compared with non-smokers. These findings also clearly demonstrate an
effect of smoking on lung function.

A study group led by the Amagasaki Medical Association conducted on the
survey of health effects of environmental factors in Amagasaki, Japan, a city in
the Hanshin industrial zone, by mailing a standardized questionnaire to residents.
This survey also found that respiratory symptoms were correlated more
significantly with smoking than with air pollution level (Seo 1996).

CoNcLUSION

Air pollution and smoking have long been described in textbooks as environ-
mental factors that may cause COPD and bronchial asthma. In this review, we
have demonstrated again the important health effects of tobacco smoking, and



Air Pollution in Japan 163

that tobacco effects are very much stronger than those of other factors on respira-
tory health.

The severe episodes of air pollution that occurred in the past now no longer
occur, but other air pollutants have emerged as matters of concern. The health-
related effects of outdoor air pollution associated with increased use of motor
vehicles and of indoor air pollution need to be studied.

Smoking cessation programs should be administered as the most important
health promoting intervention for smokers with pulmonary disease.

1)

10)

11)

12)

13)

References

Alarie, Y., Ilrich, C.E., Busey, W.M., Krumm, A.A., Macfarland, H.N. & Church, F.
(1972) Long-term continuous exposure to sulfur doxide in cynomolgus monkeys.
Arch. Environ. Health, 24, 115-128.

Amdur, M.O. (1974) 1974 Cummings memorial lecture: The long road from Donora.
Am. Ind. Hyg. Assoc. J., 35, 589-597.

Arshad, S.H., Matthews, S., Grant, C. & Hide, G.W. (1992) Effect of allergen
avoidance on development of allergic disorders in infancy. Lancet, 339, 1493-1497.
Auerbach, O., Hammnd, E.C., Kirman, S.D. & Garfinkel, M.A.K. (1967) Emphysema
produced in dogs by cigarette smokeing. J. Am. Med. Assoc., 199, 241-246.

Avol, E.D., Linn, W.8., Valencia, P.G., Little, D. & Hackney, J.D. (1981) Labora-
tory study of asthmatic volunteers exposed to nitrogen dioxide and to ambient air
pollution. Am. Ind. Hyg. Assoc. J., 49, 143-149.

Bascom, R., Bromberg, P.A., Costa, D.A., Devlin, R., Dockery, D.W., Frampton, M.W.,
Lambert, W., Samet, J.M., Speizer, F.E. & Utell, M. (1996a) Committee of the
Environmental and Occupational Health Assembly of the American Thoracic Society
Health effects of outdoor air pollution (part 1 of 2 parts). Am. J. Respir. Crit. Care
Med., 153, 3-50.

Bascom, R., Bromberg, P.A., Costa, D.A., Devlin, R., Dockery, D.W., Frampton, M.W
Lambert, W., Samet, J.M., Speizer, F.W. & Utell, M. (1996b) Committee of the
Environmental and Occupational Health Assembly of the American Thoracic Society
Health effects of outdoor air pollution (part 2 of 2 parts). Am. J. Respwr. Crit. Care
Med., 153, 447-498.

Bjorsson, E., Plaschke, P., Norrman, E., Janson, C., Lundback, B., Rosenhall, A.,
Lindholm, N., Rosenhall, L., Berglund, E. & Boman, G. (1994) Symptoms related to
asthma and chronic bronchitis in three areas of Sweden. FEur. Respir. J., 7, 2146-
2153.

Burrows, M., Martinez, F.D., Halonen, M., Barbee, R.A. & Cline, M.G. (1989)
Association of asthma with serum IgE levels and skin-test reactivity to allergens. N.
Engl. J. Med., 320, 271-271.

Bylin, G., Hedenstierna, G., Lindvall, T. & Sundin, B. (1995) Ambient nitrogen
dioxide concentrations increase bronchial responsiveness in subjects with mild asthma.
Eur. Respir. J., 1, 606-612.

Cameron, T., Kostin, J.S., Zaks, J.M., Wolfe, J.H., Tighe, G., Oselett, B., Stocker, R.
& Winton, J. (1969) The health of smokier’s and nonsmoker’s children. J. Allergy,
43, 366-341.

Celli, B.R., Snider, G.L., Heffner, J., Tiep, B., Ziment, 1., Make, B., Braman, S. &
Olsen, C. (1995) Standards for the diagnosis and care of patients with chronic
obstructive pulmonary disease. Am. J. Respir. Crit. Care Med., 152, ST7-S120.
Chakrin, L.W. & Saunders, L.Z. (1974) Experimental chronic bronchitis. Lab.
Invest., 30, 145-154.



164
14)
15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)
27)
28)
29)
30)
31)
32)

33)

H. Sasaki et al.

Champan, R.S., Shy, C.M., Finklea, J.F., House, D.E., Goldberg, H.E. & Hayes, C.G.
(1973) Chronic respiratory disease. Arch. Environ. Health, 27, 138-142.

Charlton, A. (1984) Children’s coughs related to parental smoking. Br. Med. J.,
288, 1647-1649.

Detels, R., Rokaw, S.N., Coulson, A.H., Tashkin, D.P., Sayre, J.W. & Massey, F.J., Jr.
(1979) The UCLA population studies of chronic obstructive respiratory disease. I.
Methodology and comparison of lung function in areas of high and low pollution.
Am. J. Epidemaol., 109, 33-58.

Devalia, J.L., Rusznak, C., Herdman, M.J., Trigg, C.J., Tarraf, H. & Davies, R.J.
(1994a) Effect of nitrogen dioxide and sulphur dioxide on airway response of mild
asthmatic patients to allergen inhalation. Lancet, 344, 1668-1671.

Devalia, J.L., Wang, J.H., Rusznak, C., Calderon, M. & Davies, R.J. (1994b) Does
air pollution enhance the human airway response to allergen ? ACI. News, 6/3, 80-
84.

Diaz-Sanchez, D., Dotso, A.R., Takenaka, H. & Saxon, A. (1994) Diesel exhaust
particles induce local IgE production in vivo and alter the pattern of IgE messenger
RNA isoforms. J. Clin. Invest., 94, 1417-1425.

Dijkstra, L., Houthuijs, D., Brunekreef, B., Akkerman, 1. & Bolei}, J.S.M. (1990)
Respiratory health effects of the indoor envronment in a population of Dutch children.
Am. Rev. Resper. Ihs., 142, 1172-11178.

Dimeo, M.J., Glenn, M.G., Holtzmen, M.H, Sheller, J.R., Nadel, J.A. & Boushey, H.A.
(1981) Threshold concentration of ozone causing an increase in bronchial reactivity
in humans and adaptation with repeated exposures. Am. Rev. Resper. Dis., 124, 245~
248.

Doll, R., Peto, R., Whearley, K., Gray, R. & Sutherland, 1. (1994) Mortality in
relation to smoking: 40 years’ observations on male British doctors. Br. Med. J ., 309,
901-911.

Douglas, J.W.B. & Waller, R.E. (1966) Pollution and respiratory infection in chil-
dren. Br. J. Prev. Soc. Med., 20, 1-8.

Ehrlich, R. & Fenters, J.D. (1973) Influence of nitrogen dioxide on experimental
influenza tn squirrel monkeys. Proceedings of the 3rd International Clean Air
Congress; October 1973. Verein Deutscher Intenieure Duesseldorf, Germany. All-
A13.

Evans, M.J., Johnson, L.V., Stephens, R.J. & Freeman, G. (1976) Renewal of the
terminal bronchiolar epithelium in the rat following exposure to NO, or O;. Lab.
Invest., 35, 246-257.

Fenters, J.D., Findlay, J.C., Port, C.D., Ehrlich, R. & Coffin, D.L.. (1973) Chronic
exposure to nitrogen dioxide. Arch. Environ. Health, 27, 85-89.

Fletcher, C.M., Peto, R., Tinker, C. & Speizer, F. (1976) The natural history of
chronic bronchitis and emphysema. Oxford University Press. London.

Fletcher, C. & Peto, R. (1977) The natural history of chronic airflow obstruction.
Br. Med. J., 1, 1645-1648.

Giddens, W.E. & Fairchild, G.A., Jr. (1972) Effects of sulfur dioxide on the nasal
mucosa of mice. Arch. Environ. Health, 25, 166-173.

Hanraha, J.P., Sherman, B.C., Breesnits, E.A., Emmons, K.M., & Mannino, D.M.
(1996) Cigarette smoking and Health. Am. J. Respir. Crit. Care Med., 153, 861-865.
Harlap, S. & Davies, AM. (1974) Unfant admissions to hospital and maternal
smoking. Lancet, 1, 529-532.

Harlos, D.P. (1988) Acute exposure to nitrogen dioxide during cooking or commut-
ing. Dissertation., Harvard School of Public Health, Boston, MA, USA.
Hermandes, J.A., Anderson, A.E., Jr., Holmes, W.L. & Foraker, A.G. (1966) Pulmo-
nary parenchymal defects in dogs following prolonged cigarette smoke exposure. Am.
Rev. Respir. Dus., 93, 78-83.



34)

35)

36)

37)

38)

39)

40)

41)

49)
43)

44)

45)

16)

A7)
48)

49)

50)

51)

52)

Air Pollution in Japan 165

Holland, W.E. & Reid, D.D. (1965) The urban factor in chronic bronchitis. Lancet,
445-448.

Huber, G.L., Davies, P., Zwilling, G.R., Pochay, V.E., Hinds, W.C., Nicholas, H.A,,
Mahajan, V.K., Hayashi, M. & First, M.W. (1981) A morphologic and physiologic
bioassay for quantifying alterations in the lung following experimental chronic inhala-
tion of tobacco smoke. Clin. Respir. Physiol., 17, 269-321.

Imai, M., Yoshida, K. & Kitabatake, M. (1986) Morthality from asthma and =hronic
bronchitis associated with changes in sulfur oxides air pollution. Arch. E.awviron.
Health, 41, 29-35.

Kinki District Air Pollution Surveillance Group (1969) Report on effects of smoking
and other air pollutants. (in Japanease)

Lafuma, C., Harf, A., Lange, F., Bozzi, L., Poney, J.L. & Bignon, J. (1987) Effect
of low-level NO, chronic exposure on elastase-induced emphysema. Environ. Res.,
43, 75-84.

Lambert, P.M. & Reid, D.D. (1970) Smoking, air pollution, and bronchitis in
Britain. Lancet, 853-857.

Leuenberger, P., Schwartz, J., Ackermann-Liebrich, U., Blaser, K., Bolognini, G.,
Bongard, J.P., Brandly, O., Bron, B.C., Brutsche, M., Domenighett1, G., Elsasser, S.,
Guldimann, P., Hollenstein, C., Hufschmid, P., Karrer, W. Keller, R., Keller-
Wossidlo, H., Kunzli, N., Cuthi, J.C., Martin, B.W., Medici, T., Perruchoud, A.P.,
Radaelli, A., Schindler, C., Schoeni, M.H., Solari, G., Tschopp, J.M., Villiger, B,
Wuthrich, B., Zellweger, J.P. & Zemp, E. (1994) Passive smoking exposure in adults
and chronic respiratory symptoms (SAPALDIA STUDY). Am. J. Respir. Crit. Care
Med., 150, 1222-1228.

Linn, W.S., Shamoo, D.A., Avol, E.I.., Whynot, J.D., Anderson, K.R., Venet, T.G. &
Hackney, J.D. (1986) Dose-response study of asthmatic volunteers exposed to nitro-
gen dioxide during intermittent exercise. Arch. Environ. Health, 41, 292-296.
Martinez, ¥.D., Antognoni, G. & Macri, F. (1988) Parental smoking enhances bron-
chial responsiveness in nine-year-old children. Am. Rev. Respir. Dis., 138, 518-523.
Mawdesley-Thomas, L.E. & Peto, R. (1973) Experimental bronchitis in lambs
exposed to cigarette smoke. Arch. Environ. Health, 27, 248-250.

Murakami, M., Suzuki, S., Koizumi, K., Takafuji, S., Miyamoto, T., Ikemori, R. &
Tokiwa, H. (1987) Adjuvant activity of diesel-exhaust particulates for the produc-
tion of IgE antibody in mice. J. Allergy Clin. Immunol., 77, 616-623.
Newman-Taylor, A. (1995) Environmental determinants of asthma. Lancet, 345,
296-299.

Orehek, J., Massari, J.P., Gayrard, P., Grimaud, C. & Charpin, J. (1976) Effect of
short-term, low-level nitrogen dioxide exposure on bronchial sensitivity of asthmatic
patients. J. Clin. Invest., 57, 301-307.

Ostro, B.D., Lipsett, M.J., Mann, J.K., Wiener, M\.D. & Selner, J. (1994) Indoor air
pollution and asthma. Am. J. Respir. Crit. Care Med., 149, 1400-1406.

Oswald, N.C., Harold, J.T. & Martin, W.J. (1953) Clinical pattern of chronic bon-
chitis. Lancet, 2, 639-643.

Park, S.8., Kikkawa, Y., Goldring, I.P., Daly, M.M., Zelefsky, M., Shim, C., Spierer, M.
& Morita, T. (1977) An animal model of cigarette smoking in beagle dogs. Am.
Rev. Respir. Dis., 115, 971-979.

Pope, C.A., Richard, II1. & Kanner, R.E. (1993) Acute effects of PM 10 pollution on
pulmonary function of smokers with mild to moderate chronic obstructive pulmonary
disease. Am. Rev. Respur. Dis., 147, 1336-1340.

Port, C.D., Ketels, K.V., Coffin, D.L. & Kane, P. (1977) A Comparative study of
experimental and spontaneous emphysema. oJ. Towicol. Environ. Health., 2, 589-604.
Reid, L. (1963) An experimental study of hypersecretion of mucus in the bronchial
tree. Br. J. Exp. Pathol., 44, 437-445.



166
53)

54)

55)

56)

57)
58)

59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

71)

72)

H. Sasaki et al.

Rivard, C.I. (1993) Childhood asthma and indoor environmental risk factors. Am.
J. Epidemiol., 137, 834-844.

Ryder, R.C., Dunnill, M.S. & Anderson, J.A. (1971) A quantitative study of bron-
chial mucous gland volume, emphysema and smoking in a necropsy popularion. J.
Pathol., 104, 59-71.

Saetta, M., Ghezzo, H., Kin, W.D., King, M., Angus, G.W., Wang, N.-S. & Cosio, M.G.
(1985) Loss of alveolar attachments in smokers. Am. Rev. Respir. Dus., 132, 894-
900.

Samet, J.M., Lambert, W.E., Skipper, B.J., Cushing, A H., Hunt, W.C., Young, S.A.,
Meclaren, L.C., Schwab, M. & Spenger, J.D. (1993) Nitrogen dioxide and respiratory
illness in infants. Am. Rev. Respir. Dis., 148, 1258-1265.

Satake, T. (1975) Update of functional diagnosis-spirometry. Diagnosis and Ther-
apy, 63, 1537-1540. (in Japanese)

Schwarts, J. & Dockey, D.W. (1992) Increased mortality in Philadelphia associated
with daily air pollution concentrations. Am. Rev. Respir. Dis., 145, 600-604.

Seo, T. (1996) Health effects of environmental factors in Amagasaki, Japan conduct-
ed by the Amagasaki Medical Association. oJ. Jpn. Med. Assoc., 116, 395-398. (in
Japanese)

Simecek, C. (1980) Reflection of passive exposure to smoking in the home on the
prevalence of chronic bronchitis in non-smokers. Czech. Med., 3, 308-310.

Snider, G.I. (1989) Chronic obstructive pulmoanry disease: A definition and impli-
cations of structural determinants of airflow obstruction for epidemiology. Am. Rev.
Respir. Dis., 140, S3-S8.

Soyseth, V., Kongerud, J., Haarr, D., Strand, O., Bolle, R. & Boe, J. (1995) Relation
of exposure to airway irritants in infancy to prevalence of bronchial hyper-
responsiveness in schoolchildren. Lancet, 345, 217-220.

Spengler, J.D., Dockery, D.W., Turner, W.A., Wolfson, J. M. & Ferris, B.G. (1981)
Long-term measurements of respirable sulfates and particles inside and outside homes.
Atmos. Environ., 15, 23-30.

Strachen, D.P. (1988) Damphousing and childhood asthma: validation of reporting
of symptoms. Br. Med. J., 297, 1223-1226.

Takafuji, S., Suzuki, S., Koizumi, K., Tadokoro, K., Miyamoto T., Ikemori, R. &
Muranaka, M. (1987) Diesel-exhaust particulates inoculated by the intranasal route
have an adjuvant activity for IgE production in mice. J. Allergy. Clon. Immunol.,
79, 639-645.

The Environment Agency of the Ministry of Health and Welfare of Japan (1974)
The study on health effects of a combination of different pollutants in 6 areas in
Japan. (in Japanease)

Thien, F.C.K., Mencia-Huerta, J.M. & Lee, T.H. (1993) Dietary fish oil effects on
seasonal hay fever and asthma in pollen-sensitive subjects. Am. Rev. Respir. Dis.,
147, 1139-1143.

Toyama, T. (1979) Air pollution and its health effects in Japan. Arch Environ.
Health, 8, 161-181.

Tunnicliffe, W.S., Burge, P.S. & Ayres, J.G. (1994) Effect of domestic concentrations
of nitrogen dioxide on airway responses to inhaled allergen in asthmatic patients.
Lancet, 344, 1733-1736.

Ware, J.H., Dockery, D.W., Spiro, A., Speizer, F.E., III & Ferris, B.G. (1984)
Passive smoking, gas cooking, and respiratory health of children living in six cities.
Am. Rev. Respir. Dis., 129, 366-374.

Weiss, S8.T., Tager, L.B., Speizer, F.E. & Roxner, B. (1980) Persistent wheeze: Its
relation to respiratory illness, cigarette smoking, and level of pulmonary function in
apopulation sample of children. Am. Rev. Rspir. Dis., 122, 697-707.

Weiss, S.T., Tager, [.B., Schenker, M. & Speizer, F.E. (1983) The health effects of



73)

Air Pollution in Japan 167

inboluntary smoking. Am. Rev. Respir. Dis., 128, 933-942.

Xu, X., Dockery, D.W., Ware, J. H., Speizer, F.E. & Ferris, B.G. (1992) Effects of
cigarette smoking on rate of loss of pulmonary function in adults; a longitudinal
assessment. Am. Rev. Respir. Dis., 146, 1345-1348.




