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Two approaches were used to evaluate the effects of air
pollution.* First, dummy variables for the study area were
included, using the least polluted area, namely, Wakuya/Tajiri
towns, as the reference category. Multivariate-adjusted HRs
for each of the 6 areas were plotted against the average
pollution levels in those areas. Second, area-specific con-
centrations of each pollutant were included directly in the
models, and multivariate-adjusted HRs were estimated
according to a 10-unit increase in air pollution levels. The
average concentrations during the 10-year exposure time
window (1974-1983) before the baseline survey were used for
the analysis, and the subsequent 10-year average con-
centrations (1984-1993) corresponding to the follow-up
period of our cohort were also analyzed. We only applied
single-pollutant models because the number of measurement
stations was small and the concentrations of different
pollutants were spatially correlated (>0.80).

In the analysis of deaths from respiratory diseases, the HRs
by 10-unit increase in air pollution levels were calculated after
adjustment for sex, age (continuous), smoking status (current,
former, never), pack-years (<10, 10-19, >20), smoking
status of family members living together (current smoking/
no current smoking), use of indoor charcoal or briquette
braziers for heating (yes/no), and occupation (experience in
occupations with potential exposure to gases, fumes, or dust
or not). Participants with a previous diagnosis of pneumonia,
asthma, chronic bronchitis, emphysema, or pneumoconiosis
were excluded from the analysis (n=4970). Analyses
stratified by sex and smoking status were also performed. In
all analyses, SAS version 8.02 (SAS Institute Japan Ltd.) was
used to estimate HRs and Cls.

RESULTS

Air pollution data

The 10-year average concentrations (1974-1983) of SPM,
PM, s, SO,, and NO, across the 6 study areas were 24.0 to
59.9 pg/m?, 16.8 to 41.9 pg/m®, 2.4 to 19.0ppb, and 1.2 to
33.7ppb, respectively (inter-area range). The average con-
centrations of these 4 air pollutants during the subsequent
10-year period (1984-1993) were 21.9 to 45.0 pg/m3, 15.3 to
31.5 pg/m?, 2.3 to 10.6 ppb, and 2.6 to 33.0 ppb, respectively
(inter-area range). The area-specific air pollution levels during
the 2 consecutive 10-year periods are shown in Table 1.
The concentrations of all pollutants were highest in Osaka city
and lowest in Wakuya/Tajiri towns for both 10-year periods.
In all 6 study areas, the concentration of SO, was lower by 0.1
to 8.4 ppb during the second 10-year period as compared with
the first 10-year period. In all the study areas, excluding Nose/
Kanan/Kumatori towns, the concentration of SPM was lower
by 2.1 to 15.8 pg/m’ during the second period as compared
with the first period. The concentrations of NO, during the
first and second periods were similar; the differences ranged
from —2.2 to 3.6 ppb (second period minus first period).
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Figure 2 shows the annual trends for the 3 air pollutants.
The concentrations of SPM decreased during the early 1980s,
especially in heavily polluted areas such as Sendai city,
Nagoya city, and Osaka city. SO, concentrations markedly
decreased in the late 1970s, especially in Sendai city and
Osaka city, and continued to decrease slowly thereafter. NO,
concentrations remained stable throughout the observation
period. Significant temporal correlations were observed
between the area-pooled concentrations of SO, and NO,
within the exposure time window (1974-1983) (Pearson
correlation  coefficient =0.76, P=0.01). The temporal
correlations between the concentrations of SPM and SO,
and between SPM and NO, were weak (Pearson correla-
tion coefficient: 0.47 [P=0.17] and 0.26 [P=0.48]
respectively).

Baseline characteristics

Area-specific baseline characteristics are shown in Table 1.
The prevalence of current smokers ranged from 29% to 36%,
and the prevalence of former smokers ranged from 9% to
17%. Pack-years were distributed within small ranges: 32
to 35 for current smokers and 28 to 30 for former smokers.
Approximately half of the participants were exposed to
passive smoking from current family members, and over 70%
of the participants had been exposed to passive smoking
from parents during childhood. The prevalence of the use of
charcoal or briquette braziers for heating was over 40% in
Wakuya/Tajiri towns, which are located in a cold rural region,
and 10% or lower in the other study areas.

Association between air pollution and lung cancer
The number of cause-specific deaths and person-years of
follow-up for the 6 study areas are shown in Table 1. In total,
6687 deaths were observed, including 518 deaths from lung
cancer, during an average follow-up of 8.7 years. Figure 3
shows the adjusted HRs of lung cancer mortality relative
to the least polluted area, plotted against the 10-year average
concentration levels of the air pollutants (1974-1983).
For men and women combined, a significant increase
in risk was observed in Nagoya city and Osaka city at a
level of 50pug/m® or higher for SPM (equivalent to 35
pg/m® or higher for PM,s) and at a level of 20ppb or
higher for NO,. The HR point estimates for these 2 areas
were approximately 1.5.

When stratified by sex, the results for men were similar to
those for the entire population. Among women, although HRs
were not significantly higher even in the most polluted area,
there was a gentle concentration-response gradient regardless
of whether the analysis was or was not limited to never
smokers. For male current smokers, a significant increase in
risk was observed even in the second least polluted area at
an SPM level of approximately 36 ug/m® (equivalent to 25
pg/m* for PMys), an SO, concentration of 10ppb, and an
NO, concentration of 14ppb, with HR point estimates of
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Figure 2.

Annual trends in air pollutant levels from 1974 through 2003 in the 6 study areas. NO,, nitrogen dioxide; SO,,

sulfur dioxide; SPM, suspended particulate matter.

approximately 1.5. The highest HR point estimate for male
current smokers was close to 2.5.

The bottom row of Figure 3 shows the results obtained
when the exposure time window was shifted to the 10-year
average concentration levels during the follow-up period
(1984-1993). For SPM and SO,, the distribution of 6
areas moved towards the lower half of the concentration
ranges, and, accordingly, a significant increase in risk
was observed for an SPM concentration of approximately
45 pg/m® (equivalent to 30 pg/m® for PMys) and an SO,
concentration of 7.5ppb. By contrast, for NO,, the con-

centration ranges in the 6 areas were similar to those in
1974-1983, and a significant increase in risk was observed at
a concentration of approximately 25 ppb.

Table 2 shows the adjusted HR for lung cancer associated
with a 10-unit difference in the 10-year average air pollution
levels (1974-1983). A significant association with lung cancer
mortality was observed for all 4 pollutants after adjustment
for sex, age, smoking status, pack-years, smoking status
of family members, daily green and yellow vegetable
consumption, daily fruit consumption, and use of indoor
charcoal or briquette braziers for heating (base model). The

J Epidemiol 2011;21(2):132-143
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Figure 3. Adjusted hazard ratios for lung cancer mortality in the 6 study areas, plotted against average air pollutant
concentrations.® NO2, nitrogen dioxide; PM2.5, particulate matter <2.5um in aerodynamic diameter; SO2, sulfur
dioxide; SPM, suspended particulate matter. 210-year average concentrations (1974-1983) before the baseline
survey are used as the horizontal axis, unless otherwise specified. Hazard ratios were calculated using Wakuya/
Tajiri towns as a reference. Vertical bars indicate the 95% confidence intervals of the hazard ratios. PAdjusted for
sex, age (continuous), smoking status (current, former, or never), pack-years (0 to <10, 10 to <20, 220), smoking
status of family members (current smoking/no current smoking), daily green and yellow vegetable consumption (yes/
no), daily fruit consumption (yes/no), and indoor charcoal or briquette braziers used for heating (yes/no). “Adjusted
for age (continuous), smoking status (current, former, or never), pack-years (0 to <10, 10 to <20, 20 to <30, 30 to
<40, 240 for men; 0 to <10, 10 to <20, 220 for women), smoking status of family members (current smoking/no
current smoking), daily green and yellow vegetable consumption (yes/no), daily fruit consumption (yes/no), and
indoor charcoal or briquette braziers used for heating (yes/no). “Adjusted for age (continuous), pack-years (0 to <10,
10 to <20, 20 1o <30, 30 to <40, 240), smoking status of family members (current smoking/no current smoking), daily
green and yellow vegetable consumption (yes/no), daily fruit consumption (yes/no), and indoor charcoal or briquette
braziers used for heating (yes/no). “Adjusted for age (continuous), smoking status of family members (current
smoking/no current smoking), daily green and yellow vegetable consumption (yes/no), daily fruit consumption (yes/
no), and indoor charcoal or briquette braziers used for heating (yes/no). 10-year average concentration (1984-93)
during the follow-up period was used as the horizontal axis. Estimated by multiplying the level of SPM by 0.7.

Table 2. Adjusted HRs for lung cancer associated with a 10-unit increase in the average concentration of air pollutants?

Number Person- SPM (pg/mii) PMZ,S <pg/m3)b SOZ (ppb) NOZ (ppb)
ofdeaths  years  pr  95%ClI HR 95%Cl HR  95%Cl  HR  95% Cl

Model description Category

:;’;:e”dd age- (All) 518 550339 118 (1.13-1.24) 127 (1.19-1.36) 1.36 (1.20-154) 120 (1.17-1.24)

Base model® (All) 518 550339  1.16 (1.08-1.25) 1.24 (1.12-1.37) 1.26 (1.07-148) 1.47 (1.10-1.26)

Full model® (All) 421 472762 1.6 (1.06-1.25) 123 (1.09-1.38) 1.19 (0.97-145) 1.15 (1.06-1.24)

By sex® Male 407 257120 117 (1.09-1.26) 126 (1.14-1.39) 130 (1.12-152) 1.18 (1.11-1.26)
Female 11 293219 1.12 (0.99-1.26) 1.17 (0.98-1.39) 1.11 (0.88-140) 1.13 (1.01-1.27)

By sex and Male current B g

emoking staus’ SmoKers 292 146031 123 (1.14-1.34) 135 (1.20-152) 1.36 (1.06-1.75) 123 (1.12-1.35)
Male former 90 63092 1.08 (0.83-1.39) 1.11 (0.77-1.60) 125 (0.75-2.10) 1.13 (0.88-1.44)
smokers
Female never 4 254145 111 (1.01-1.22) 116 (1.02-1.33) 1.09 (0.92-129) 1.11 (1.02-1.20)
smokers

Base model,

e:ffi?";ﬁts witha  (NO history of

ﬁisto P respiratory 438 509369 1.15 (1.06-1.26) 1.23 (1.08-1.39) 122 (1.02-145) 1.16 (1.07-1.25)

ryv disease)

of respiratory

diseases®9

Base model, using

average

concentrations (All) 518 550339 127 (1.14-141) 141 (1.21-1.64) 197 (1.41-2.75) 121 (1.10-1.33)

during the

follow-up period®h

Cl, confidence interval; HR, hazard ratio; NO,, nitrogen dioxide; PM, 5, particulate matter <2.5um in aerodynamic diameter; SO, sulfur dioxide;
SPM: suspended particulate matter.

210-year average concentrations (1974~1983) before baseline survey were used, uniess otherwise specified.

bEstimated by multiplying the level of SPM by 0.7.

“Adjusted for sex, age (continuous), smoking status (current, former, or never), pack-years (0 to <10, 10 to <20, 220), smoking status of family
members (current smoking/no current smoking), daily green and yellow vegetable consumption (yes/no), daily fruit consumption (yes/no), and
indoor charcoal or briquette braziers used for heating (yes/no). ’

9Base model, with additional adjustment for smoking status of parents in childhood (current smoking/no current smoking), daily consumption of
vegetables other than green and yellow vegetables (yes/no), occupation (experience in occupation with potential exposure to gases, fumes, or dust
or not), health insurance (4 categories). 9289 participants were excluded because of missing data for smoking status of parents, non-green/yellow
vegetable consumption, occupation, and/or health insurance.

°Base model, excluding adjustment for sex. Pack-years were adjusted with different categories for males and females (0 to <10, 10 to <20, 20 to
<30, 30 to <40, 240 for males, 0 to <10, 10 to <20, 220 for females).

‘Base model, excluding adjustment for sex and smoking status. Pack-years were adjusted using 5 categories for male current or former smokers
(0 to <10, 10 to <20, 20 to <30, 30 to <40, 240).

94970 participants with a previous diagnosis of pneumonia, asthma, chronic bronchitis, emphysema, or pneumoconiosis were excluded.

PBase model, using the 10-year average concentrations (1984-1993) during the follow-up period.

J Epidemiol 2011;21(2):132-143
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Table 3. Adjusted HRs for respiratory diseases associated with a 10-unit increase in the average concentration of air pollutants?

Model description Cateqo Number Person- SPM (pg/m3) PMZS (pg/mB)b SOZ (ppb) NOZ (ppb)
P ooy ofdeaths — years 4R  95%CI  HR  95%Cl HR  95%Cl HR  95%Cl
:;’;‘Sfe':jd age (All) 677 509369 1.08 (0.98-1.18) 1.11 (0.98-127) 1.38 (1.23-1.55) 1.13 (1.08-1.19)
Multivariate model®  (All) 677 509369 1.11 (1.03-120) 116 (1.04-1.30) 143 (1.33-1.54) 1.16 (1.12-1.21)
By sex® Male 417 236047 1.07 (1.00-1.15) 1.11 (1.00-1.22) 1.30 (1.16-1.47) 1.11 (1.05-1.18)
Female 260 273322 119 (1.07-132) 128 (1.10-1.49) 1.68 (1.40-2.01) 125 (1.18-1.33)
By sex and Male current -
amoking status’ mokors 200 134750 115 (1.03-1.28) 122 (1.05-1.42) 152 (1.35-1.71) 1.21 (1.11-131)
Male former
ke 130 56849 0.89 (0.79-1.01) 085 (0.71-1.01) 0.88 (0.66-1.18) 0.90 (0.80-1.01)
's:;“gf:?s“e"er 218 238431 119 (1.09-130) 129 (1.14-1.46) 163 (1.44-1.84) 125 (1.20-1.30)
Pneumonia® (A 512 509369 1.2 (1.03-121) 147 (1.04-1.32) 145 (1.34-1.57) 1.16 (1.12-1.21)
copPDe (All) 64 509369 092 (0.78-1.08) 0.89 (0.70-1.12) 1.32 (0.88-1.98) 1.03 (0.93-1.15)
Respiratory
diseases, using
average . . .
o vations (All) 677 509369 1.08 (0.89-1.31) 1.2 (0.85-1.46) 1.62 (1.22-2.15) 1.14 (1.06-1.23)
during the follow-up
period®9

Cl, confidence interval; HR, hazard ratio; NO,, nitrogen dioxide; PMy 5, particulate matter <2.5um in aerodynamic diameter; SO,, sulfur dioxide;
SPM, suspended particulate matter.

210-year average concentrations (1974-1983) before the baseline survey were used, uniess otherwise specified. 4970 participants with a previous
diagnosis of pneumonia, asthma, chronic bronchitis, emphysema, or pneumoconiosis were excluded.

bEstimated by multiplying the level of SPM by 0.7.

cAdjusted for sex, age (continuous), smoking status (current, former, or never), pack-years (0 to <10, 10 to <20, 220), smoking status of family
members (current smoking/no current smoking), indoor charcoal or briquette braziers used for heating (yes/no), and occupation (experience of
occupation with potential exposure to gases, fumes, or dust or not).

eMultivariate model, excluding adjustment for sex. Pack-years were adjusted with different categories for males and females (0 to <10, 10 to <20, 20
to <30, 30 to <40, 40 for males, 0 to <10, 10 to <20, 220 for females).

Multivariate model, excluding adjustment for sex and smoking status. Pack-years was classified into 5 categories for male current and former
smokers (0 to <10, 10 to <20, 20 fo <30, 30 to <40, 240).

9Multivariate model, using the 10-year average concentrations (1984~1993) during the follow-up period.

point estimates of the increased risk associated with a 10-unit
increase in the concentrations were 16%, 24%, 26%, and 17%
for SPM (ug/m?), PM, s (ng/m?), SO, (ppb), and NO, (ppb),
respectively. These increases in risk remained even after
additional adjustment for the smoking status of parents during
the participants’ childhood, daily consumption of vegetables
other than green and yellow vegetables, occupation, and
health insurance (full model), although the association was not
significant for SO,. The significant associations with the 4 air
pollutants were observed even after exclusion of participants
with a history of respiratory diseases.

Men showed a significant increase in the risk for all 4 air
pollutants, with point estimates ranging from 17% to 30%. For
women, the corresponding increases in risk ranged from 11%
to 17%, although the increase was significant only for NO,.
However, analyses limited to female never smokers revealed
significant excess risk associated with SPM, PM, 5, and NO,.
The increase in risk among male current smokers was
significantly higher, with point estimates ranging from 23%
to 36%, while no significant increase in risk was observed for
male former smokers. The interactions between smoking
status and air pollutant concentrations were not statistically

J Epidemniol 2011;21(2):132-143

significant in men or women (P> 0.07 for men and P> 0.26
for women).

When we incorporated the average air pollution levels
during the follow-up period in the model (1984-1993),
instead of those for the period before baseline (1974-1983),
the excess risk associated with air pollution increased, with
point estimates ranging from 21% to 97%.

Association between air pollution and respiratory
diseases

Table 3 shows the adjusted HRs for mortality from respira-
tory diseases associated with 10-unit differences in the air
pollution levels. A significant association was observed
between mortality from respiratory diseases and the
concentrations of all 4 pollutants. This association was
observed in both sexes, and in male current smokers
and female never smokers. The association was similar
when the exposure time window was shifted to the 10-year
average concentration levels during the follow-up period
(1984-1993). In analysis stratified by disease, the associa-
tion was significant for pneumonia, but not for chronic
obstructive pulmonary disease (COPD).
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DISCUSSION

This large-scale prospective cohort study demonstrated
associations between long-term exposure to both particulate
and gaseous ambient air pollution and an elevated risk of lung
cancer mortality in the Japanese population, after controlling
for potential confounding factors. The observed increase in risk
ranged from approximately 16% to 26% for a 10-unit increase
in air pollution levels. These values were generally comparable
to those reported in previous studies conducted in the United
States and European countries. For example, in previous
studies, point estimates of the adjusted relative risks for a 10-
pg/m? increase in PMj s concentration ranged from 1.06 to 1.39
(calculated from published values, when necessary). >33
Our results suggest that the concentration-response gradient
observed in US and European populations can also be applied
to Japan, despite the differences in air pollution levels and
constituents!? and disease and risk distributions.”*?*

Men, especially current smokers, had higher HRs for lung
cancer associated with air pollution in the present study, even
after controlling for smoking status and pack-years. Although
the interactions between smoking status and air pollutant con-
centrations were not statistically significant, the stronger asso-
ciation for current smokers raises the question of whether the
observed association between lung cancer and air pollution was
confounded by unmeasured exposure to smoking. However,
our results remained unchanged when we used a model that
additionally controlled for age at initiation of smoking (data not
shown), and a significant increase in risk was also observed for
female never smokers. Although it is possible that active
smoking and long-term exposure to air pollution have an addi-
tive or synergistic effect on lung cancer, previous studies are
not consistent regarding the different effects of air pollution on
lung cancer with respect to sex and smoking status. European
studies showed weaker associations between air pollution and
lung cancer for males!® and current and former smokers.?
These results cannot be interpreted in a straightforward manner
because they were obtained without controlling for smoking
status!® or amount of smoking.? The American Cancer Society
(ACS) study, which was controlled for active and passive
smoking levels, reported stronger associations between air
pollution and lung cancer in males, whereas the associations
were more evident in former smokers.!®

As compared with the effects of smoking, the excess risk of
lung cancer associated with air pollution was small. In the
present study, the multivariate-adjusted HR for lung cancer
mortality in current smokers relative to never smokers was 4.8
(data not shown), which is consistent with the results of previous
large-scale and meta-analytic studies conducted in Japan.?*?’
The maximum difference in PM, s concentration during the
30-year observation period was 40 pg/m® (approximately
50 ug/m® in Osaka city versus 10pg/m® in Wakuya/Tajiri
towns). Similarly, the maximum differences in SO, and NO,
concentrations were 35ppb and 40 ppb, respectively. These

141

differences in concentrations, combined with the observed
relative risks for a 10-unit increase, correspond to a 1.9- to
2.4-fold increase in the risk of lung cancer.

With regard to respiratory mortality, previous findings
regarding the effect of long-term exposure to ambient air
pollution have been somewhat inconsistent. The Harvard Six
Cities Study, the Adventist Health Study of Smog (AHSMOG),
and several European studies reported positive associations for
PM, 5, 2% but only some of these associations were
significant.”® For SO,, many studies showed a relative risk
close to unity."®* For NO,, both significant®"® and null!
associations have been reported. Some of those reports should
be interpreted with caution, however. The AHSMOG was
limited to nonsmoking males and females belonging to a
specific religious group,”'’ and 2 European studies did not
adjust for smoking status'> or amount of smoking.? In the
present study, we controlled for potential confounding factors
for respiratory diseases and observed significant increases in
risk due to particulate and gaseous air pollution.

Respiratory diseases represent a variety of medical
conditions that have different etiologies. The present study
observed a significant effect of air pollution on pneumonia, but
not COPD. However, data on disease-specific mortality were
limited. The majority of the observed deaths from respiratory
diseases were from pneumonia (76%); COPD accounted for
only 9% of deaths. Although we only extracted respiratory
diseases as the underlying cause of death, this category might
have included respiratory complications of other underlying
diseases or might have failed to identify underlying chronic
respiratory diseases. Many of the studies cited above used
the same broad definition of respiratory diseases as that of
the present study (ie, ICD-9: 460-519).}211:1% Indeed, the
AHSMOG adopted -an even broader outcome, namely, “any
mention of respiratory mortality,” which included the
contributing cause of death as well as the underlying cause
of death.™!! In contrast, a Norwegian study focused on COPD
mortality and observed a significant association with PM and
NO,.!? Similar disease-specific studies need to be accumulated
to address the question of whether long-term exposure to air
pollution affects chronic respiratory mortality.

The major strength of the present study is its prospective
cohort design, which allowed for direct control of individual
risk factors, particularly smoking status and level of exposure
to smoking. The participants of the present study were
enrolled on a population basis, and the response rate was high.
Furthermore, our long-term exposure data allowed us to use
the pre-baseline time window of ambient air pollution data.

There are several sources of uncertainty in the present
study. First, we used mean ambient concentrations in or
nearby each study area, instead of individual exposure levels.
As was the case in many studies using the same exposure
assessment, there could be spatial variability within an area,
as well as differences among individuals in time spent
outdoors.?®
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Second, it is difficult to determine which time period was
most important in relation to health effects, because there were
no substantial changes in relative air pollution levels in the
study areas over the observation period. This difficulty is also
true of previous studies; the ranking of cities from low to high
pollution levels changed little across different time windows
in the ACS study's and the Harvard Six Cities Study.?” As
illustrated in Figure 2, air pollution levels sharply differed
before and after the baseline survey. When we shifted the
exposure time window from the 10-year period before the
baseline survey (1974-1983) to the subsequent 10-year period
(1984-1993), the HRs for lung cancer mortality increased,
especially in relation to SPM, PMs, and SO, levels. This is
because the absolute levels of these air pollutants decreased
over time, while the relative levels for these 2 periods
remained almost constant (the values for the spatial correlation
between the 2 time periods for each pollutant were >0.85).
The difficulty in distinguishing between the effects of past and
recent exposure is also relevant to identification of the latency
period. The observed increase in risk associated with air
pollution levels during the 10 years before the baseline survey
suggests that the effects occurred after a certain lag period.
However, we cannot exclude the possibility of the effect
occurring within a shorter lag period of 1 or 2 years.”®

A third source of uncertainty is that we estimated PMy s
concentrations by converting SPM concentrations using a
single ratio (0.7), as in previous studies.>’® As mentioned
above, in our partial monitoring data, the PM, s/SPM ratio
ranged from approximately 0.6 to 0.8. If we assume that
between-area variations in the ratio were within this range,
there would be no substantial differences in the ordering of
the study areas, because the concentrations of SPM were
distributed over a wide range. At selected European sites,
high correlations were found between coarse and fine PM
concentrations (PMas and PMjo; R?>0.98),” and PMas/
PM,, ratios were uniform.3® However, a slight tendency
towards higher ratios at rural background sites as compared
with urban traffic sites was also reported.*® In the United
States, PM, s/PM; ratios in the eastern part of the country
were double those in the Southwest, and a poor correlation
was observed between PM, s and PMj concentrations in the
West (eg, < 0.5 in the upper Midwest).*' The components
of PM may also vary by time.3! In our study areas, the
concentration of substances such as SO, decreased during and
after the exposure window (Figure 2), which could have
affected the components of PM and the coarse and fine
fractions of PM. Because we had limited data on the
concentrations of different particulate sizes in our study
areas, it remains uncertain how well the SPM concentration
represented the variability of the PM,s concentration. As
mentioned in the Methods above, SPM concentration was
measured differently in 2 study areas of Miyagi prefecture.
Although this might be another source of uncertainty,
excluding those 2 areas did not change our results sub-
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stantially: the HR for a 10-unit increase in SPM concentration
was 1.17 (95% CI, 1.12-1.24) for lung cancer and 1.09
(0.92-1.29) for respiratory diseases.

Fourth, pollutant concentrations were correlated with each
other. The spatial correlation between different air pollutants
within the exposure time window was very high (>0.80). In
addition, SO, and NO, are potential constituents of ambient
PM, and their concentration levels vary over time. Therefore,
it is very difficult to isolate the health effects of individual
pollutants. To understand the biologic mechanisms underlying
the increased risk of a specific disease, or to specify potential
determinant substances, additional toxicological research is
needed.

Finally, our results could have been affected by the
exclusion of participants with missing data. We confirmed
that the unadjusted HRs were similar when these data were
included and excluded from the analysis. Smoking status was
unknown among approximately two thirds of the participants
whose data were excluded. However, we performed a
sensitivity analysis that defined the participants with
unknown smoking status as either current or never smokers
and confirmed that the effect of the exclusion was negligible.
Although there were participants who had moved out of the
study areas during the follow-up period, this was considered to
have occurred in an unselective way because the characteristics
of disease-specific mortality in our analytic cohort were
consistent with the reported vital statistics of the study areas.*?

In conclusion, our large-scale prospective cohort study
revealed an association between long-term exposure to
ambient air pollution and mortality from lung cancer and
respiratory diseases in Japan.
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Problems to achieve lung cancer screening with CT
as population based screening

Kenji Nishii

Okayama Health Foundation Hospital

Abstract

On November 4, 2010, the National Cancer Institute announced that the National Lung Screening Trial
(NLST) was ending, because independent experts came to the conclusion that the study’s primary objective,
benefit for the group screened by LDCT, was proven.

In consideration of this report, we have to figure out how to widespread CT screening as population based
screening over Japan. To achieve this, there are several problems that need to be overcome.

The first thing is that CT screening is “I" recommendation in Japanese Guideline for Lung Cancer
Screening. We will need to change “B” or “C” recommendation from “I” on the ground of NLST. The second
thing is severely deficient in CT screening examination car and radiologist. CAD and accredited Radiological
Technologists need to be explored. The third thing is the unsaturation of knowledge of low dose CT and
detected pulmonary nodules management rule. All medical screening facilities must adhere to the criterion
of the Japanese society of CT screening (JSCTS) . Fourth, how much cost can screenees of having CT afford?
Finally, we confront a severe shortage of doctors that can perform diagnostic workup and treatment of lung
cancer in local areas.

In conclusion, we need to discuss for solutions to these problems at the JSCTS meeting, and I think to

draw on a breakthrough from existing chest X-ray screening system.

Key words: CT screening for early detecting of lung cancer, NLST, population based screening, screening cost
J Thorac CT screen 2011; 18: 95-100
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