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Abstract

Background: Associations between ozone exposure and mortality have been reported,
particularly in respiratory and cardiovascular diseases (CVD). However, the relationship
between ozone (O3) exposure and diabetes mellitus (DM) mortality remains unclear.
Objective: To compare the relationships between ozone exposure with total mortality
and those caused by CVD and DM.

Method: DM deaths (International ICD-9, 250; N=5,767) more than 50 years of age
from National Mortality Registry in metropolitan Taipei, Taiwan between 2006 and
2008 were included for analysis. For comparison, total death and CVD deaths (ICD-9,
390- 459, N=11534) were chosen bysmatch ;A‘Iith génder -and age with DM deaths.
Average levels of ozone each /day were calculated from..15 monitoring stations of
Taiwan EPA in this area; daily maxi@;_r‘_lr 8-hour concentrations of ozone were
computed as well. Case-crossover dé%ign \k'?as aﬁplied to examine the risk between the
hazard and reference periods:while da;ly moving :;average from 0-day (the day of death)
to 7-day was used and 4 reference days were chosen‘nby every 7 days before the day of
death for 1 month. Temperature and relative humidity were included in the single
pollutant model, and PM,, or PM; 5 was further adjusted in two-pollutant model.
Results: In two-pollutant model with PM; s adjusted, the trend of accumulative effect of
ozone was observed in total death, CVD and DM deaths. Diabetics (OR=1.11,
1.03-1.19) , total death (OR), and CVD (OR=1.10, 1.04-1.16) were at risk for deaths in
an interquartile range increase of ozone (11.6 ppb) within 7 days exposure. Similar
results were also obtained with maximum 8-hour ozone exposure. However, the risk of
diabetes deaths from ozone exposure was not higher than those of total deaths and CVD
deaths. In this study, either PM;y or PM,s was not associated with ozone exposure.



Conclusion: Increased ozone exposure is associated with mortality in total deaths, DM
and CVD deaths. However, diabetics were not at higher risk with exposure to ozone.
Because the underlying causes of death from diabetes are not available from the
National Mortality Registry, specific causes of death from diabetes need to be specified

in the future study.
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Chapter 1 Background and Objective

Air pollution exposure is associated with cardiopulmonary mortality (1; 2) and
morbidity (3; 4). Recently, the effect of particle exposure on health has become a
concern for the general public and susceptible populations. The association between
particle exposure and mortality in general and from cardiovascular diseases (CVD) has
been established (5-7) . However, the health effect of ozone (Os3) exposure remains
unclear.

O; exposure is associated with total (8) and respiratory mortality (9).
Epidemiology studies have shown that O; exposure is associated with hospital
admission and emergency: visits.for respiratél;y dis¢ases «(10; 11). The association
between Oz exposure and €VD remains unclear. Several.studies have reported that
increased O3 levels may be associated: :%E}_h,CVD mortality and morbidity (8; 12).
However, other studies did.not obtain 'ﬁhe s:ai%r_le ﬁﬁdings (3:4).

Previous studies have:shownl filat the asgociations between air pollutants and
cardiopulmonary diseases are prdminent in susceptil;le groups such as the elderly (13),
asthmatics (14), and those with cardiopulmonary diseases (15) or the diabetics (16-18).
Ambient particles have a greater effect on the mortality (18; 19) and number of daily
hospital admissions of diabetics (18). Diabetes mellitus (DM) is a chronic disease
accounting for more than 3 million deaths in the world each year according to World
Health Organization (20). It has become one of the top ten leading causes of death in
many countries around the world (21; 22). However, the increased susceptibility to O;
exposure is unclear (13).

Different exposure metrics for O3 exposure have been used in epidemiological
studies with inconsistent results (8; 12; 13; 23). In this study, we used the maximum
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8-hour mean and the daily average combined with either single-lag or moving average
models to determine associations between Oz exposure and total mortalities and those
caused by CVD or DM.

The associations of DM deaths and O3 exposure are less consistent (Table. 1 and
Table. 2) with different O; exposure metrics and models. In the present study, we
applied case-crossover study design to explore the risk of O3 exposure and DM deaths,
and our aims are as following:

1. To explore the association between Oz exposure and DM mortality;

2. To determine an appropriate Oz exposure metric for DM deaths;

3. To compare the risk 0f/O3 exposure on total, CVD, and DM mortalities.



Chapter 2 Literature review

2.1 Air pollution and health
2.1.1 PM exposure and Health

Air pollution exposure has been associated with cardiopulmonary mortality and
morbidity. The association between cardiovascular disease and air pollutants including
particulate matter (PM) and Os; was reported in epidemiology studies (1) and a
plausible mechanism of PM exposure with CVD was conducted. In one review article,
the author pointed out that both short-term and long-term air pollutants exposure were
associated with an increase of death fiom cardiopulmonary diseases (2). Schwartz et al.
conducted a epidemiology rescarch to exploré‘ the association between air pollutants
and emergency admissions ‘from pneumonia and myocardial infarction (3), and they
found emergency admissions were™ ﬁigniﬁcantly assoéiated with increased air
pollutants. A multi-city study tllustrated {1;;air pollutants including carbon monoxide
(CO), nitrogen dioxide (NQO,), O3 €21nd PM were associated with cardiopulmonary
emergency visits (10). Peel et /al. investigated ‘potentially sensitive groups from
emergency visits among CVD patients, and they found that CVD patients diagnosed
with diabetes were at risk of air pollutants exposure on CVD morbidity (4).

Recently, health effect of particle exposure has been a concern for general public
and susceptible populations. The associations between particle exposure and mortality
from total and cardiovascular diseases have been reported in many studies. Daily total
mortality was associated by 0.6% with per 10-pg/m’ fine particles (particulate matter

which aerodynamic diameter less than 2.5 pum, PM,s) (5). Another study found that

there was 0.98% increase in total mortality for per 10 u g/m’ PM, s increase, and the

association between PM, 5 exposure and other specific causes of death including CVD,



myocardial infarction, and respiratory diseases were found that the higher air pollutant
concentration levels the higher the mortality (7). With different lag days of Os
exposure, consistent results were observed in these studies that PM was associated

with hospital admission for respiratory diseases (24) and CVD (3).

2.1.2 O3 exposure and health

In Taiwan, Pollutant Standards Index (PSI) is used to indicate the pollutant level
of the day, and the value of 100 is defined as the maximum permitted concentrations of
pollutants. From 2006 to 2009, PM;, and Os; were the main sources of pollutants
exceeded the permitted concentration (25) in Taiwan, and the percentages of days with
PSI> 100 of O3 were higher than 60%.

The importance of O3 éxposure anq health is also, inereasing in the world. There

| —

are substantial literatures about effects oﬁil‘-znjﬂ‘g'ne‘xposure on public health especially for
d A

respiratory diseases (145 26). Adver“se] heaiéh effects were observed in asthma patients
under O3 exposure. |

Hospital admission and emergency visits for respiratory diseases were found to be
associated with O3 exposure. With completed measurements data of air pollutants, Peel
et al. conducted an study to find the association of O; exposure and respiratory
outcomes (11), and a positive association was found in the O; exposure and upper
respiratory infections. Other studies had similar results in O3 exposure and respiratory
diseases in asthma (10; 14) and chronic obstructive pulmonary diseases (10) that
provided supportive evidences on the association that O; exposure induced adverse
effects on pulmonary diseases.

O; exposure has been associated with total (8) and respiratory mortality (9). A

cohort study conducted by Jerrett et al. exploited the association between O3 exposure
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and cardiopulmonary mortality (9). They found out that the relative risk of respiratory
diseases death from O3 exposure was 1.040 (95% CI: 1.010, 1.067).

The association between O3 exposure and cardiovascular disease remains unclear.
Several studies have reported increased O3 level was associated with CVD in mortality
(8; 12) (Table 1), while some didn’t obtain similar associations between the two in

morbidity studies (3; 4) (Table 2).




Table 1 Literature Reviews of Positive Associations between O3 Exposure and Health Effects

Authors
( year)
Bell et

(2004) (12)

Franklin
and
Schwartz
(2008) (8)
Bell et
(2005) (27)
Ito et

(2005) (28)

al.

al.

al.

Methods

Daily death counts;

Lag 0-, 1-, 2-, and 3-day;
Distributed lag model (1 week)
Time-series  study,  percent
increase in mortality with 10 ppb

increase in O3

Meta-analysis
0-, 1-, and 2-day lag
Meta-analysis

Lags up to 3 days

Health outcomes

CVD, respiratory
disease and total
deaths

Total mortality

Total and CVD
deaths
Nonaccidential
mortality

Exposure
metrics of O3
24-hr, max
8-hr, max 1-hr
(Apr.- Oct.)

24-hr in

‘Stimmer | time

(May to Sep.)
N/A

N/A

Main findings

O; exposure was associated with total and CVD
mortalities;

OR was higher in distributed lag model
Os-mortality association was found, 0.89%
(95% CI, 0.45-1.33%) increase of death for per

10-ppb increase in 24-hr summertime O;

An association between short-term exposure to
O3 and mortality was found.
An association between short-term O; exposure

and mortality was collectively suggested.



Zanobetti et Time-series study design Total mortality, Max 8-hr Total, CVD, and respiratory deaths were
al. (2002) LagO CVD and mean associated with O3 exposure
29) Average 0-1 lag respiratory deaths
Sum 0-20 days lag,
unconstrained/ penalised
Lee et al. Case-crossover

(2008) (30) 2-day moving average




Table 2Literature Reviews of Negative Associations between O3 Exposure and Health Effects

Authors Methods Health outcomes Exposure metrics of Main findings
('year) 0;
Forastiere et al. 0-3 lags (single day) Coronary death Max 8-hr mean Coronary deaths were not
(2005) (31) 0-1 lag (moving average) associated with O3 exposure
Liang et al. (2009) Time-series study Total mortality, EVD-and _ Max 8-hr (9am to 5 pm) Os exposure was not associated
32 Summer/ winter respiratory deaths 24-hr with daily mortality from
5 days lag respiratory and CVD

5 days moving average
Medina-Ramon et Case-only study design Respiratory disease, CVD, Mean O; level No significant association
al. (2008) (13) Lag 0-2 (from JAMA) diabetes deaths between DM death and O3

exposure was found

Stieb et al. (2009) O0-, 1-, 2-day lag Emergency department Daily average No association between
(10) visits including angina, 3-hr average cardiopulmonary emergency
myocardial infarction, visits and O3 exposure was



Zanobetti and

Schwartz (2006)

(&)

Lag 0

0-1 days mean

heart failure and
dysrhythmia

Hospital admission for
myocardial infarction and

pneumonia

N/A

observed

Association was not observed
in O3 exposure and CVD

admissions




2.1.3 Air pollution and susceptible groups

Previous studies have shown that the associations between air pollutants and
cardiopulmonary diseases are prominent in the susceptible groups such as elderly (13),
asthmatics (14), those with cardiopulmonary disease (15), and diabetics (16-18).

Diabetics are more susceptible to ambient particles on mortality and daily hospital
admissions. Zanobetti et al. found that CVD patients with diabetes were at higher risk in
hospital admission than CVD patients without DM diagnosed (18). PM exposure was
associated with vascular reactivity impairment and endothelial dysfunction in diabetes

patients (33), and inflammation makers increased in diabetics exposed to PM; 5 (34).

2.2 Diabetes mellitus
Diabetes mellitus (DM) is a chronic disease accounting for more than 3 million

-

deaths in the world each year according :t:(;)"'World Health Organization (WHO). It has
become one of the top ten leading causes owf‘:‘d‘eath‘in many countries around the world.
Diabetes is a risk factor of C:VD (35), an(i patients with DM diagnosed were at
higher level of oxidative stress (36).- Some studies showed that inflammation in
diabetics were associated with air pollutants (19; 37). In the previous study, CVD
patients with DM were found more vulnerable than those without DM (16). Another

study also reported the risk of O3 exposure were higher in DM deaths than in total and

CVD deaths (23).

2.3 National Mortality Registry
Mortality data has been applied in population-oriented studies for years, there
were researches estimated the percentage change of daily deaths per unit increase of air

pollutants such as PM;y or O3 (7; 38-40). In Taiwan, mortality database was based on
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the household registry system. Some databases in Taiwan are based on the household
registry system including the National Registry Mortality database and the National
Health Insurance database. The registry address is not equal to the living address, but in
sum, more than 90% people live in the registry address in Taiwan (41).

The National Registry Mortality database offers information including the
identification number, the date of death, the place of death, and the cause of death of
deceased person. Only underlying cause of death from the death certification will be
recorded in mortality database, and the accuracy of cause selection effects the statistic
results (42). In Taiwan, the agreements of mortality data and death certifications are
higher than 60% (43; 44), and diseases which.ate the underlying cause of death but not
a fatal cause , for instance, diabetes, may not be mentioned in the death certifications
leading to the underestimate of certain cause of death (42).However, the percentage of

| —

diabetes mentioned was sifnilar with other Countries (45), thus the bias of underlying
| i

cause of death selection was limited.

2.4 Case-crossover study design

Case-crossover has been used in the studies of air pollution and health effects
for decades (46). It’s a study design combined with crossover and case-control study
designs(47) that all participants in the study are defined as cases and controls. The
period of event defined in the study will be selected as risk or hazard period, and the
period without onset will be identified as referenced or control period. With this
classification, researchers are able to exploit the differences between the event and
non-event. This study design has been well applied in investigating the association
between air pollution and acute health effects from mortality (6; 48; 49) and morbidity

(3; 50) to explore the risk of short-term effect on health outcomes. The entire cases in

11



the study act as their own controls, and this is the main advantage of this study design
that some individual variables such as smoking status will be well matched by study
design instead of statistic control. Hence, the way to select risk and referenced periods is

important that some researches focused on the selection with limited bias (51-54).

12



Chapter 3 Material and Method

3.1 Health data

In this study, we used mortality data to examine the association between air
pollutants and mortality in the general population and in patients with CVD or DM.
deaths associated with diabetes (International Classification of Diseases, 9™ revision
(ICD-9): 250) in patients older than 50 years of age in metropolitan Taipei (Figure 2(A).,
colored positions), Taiwan (Figure 2(B).), between 2006 and 2008 were first chosen
from the National Mortality Registry, and accidental deaths were excluded. For
comparison, we then randomly selected deaths i the.general population (at a 1:2 ratio)
and those associated with. CVD+(ICD-9:390= 459; at.a 1:2 ratio) that were matched
according to gender and ageyin/the same study-area ftom: 2006 to 2008 with the DM

deaths. Accidental deaths were not includé;égi'g the total mortality group in our study.

i

3.2 Environmental data

Air pollutant levels were:collected from the‘ Taiwan Air Quality Monitoring
Network, Environmental Protection Administration (EPA), Taiwan
(http://tagm.epa.gov.tw/tagm/en/PsiAreaHourly.aspx). The study was conducted in
metropolitan Taipei, including Taipei City and part of Taipei County within the Taipei
Basin, where 15 monitoring stations are located. Daily averages of temperature, relative
humidity (RH), carbon monoxide (CO), sulfate dioxide (SO), nitrogen monoxide (NO),
nitrogen dioxide (NO,), Nitrous Oxides (NOx), Os, particulate matter which
aerodynamic diameter less than 2.5um (PM,s) and 10um (PM,o) were calculated. The
Pearson coefficients of environmental data from different monitoring stations are highly
correlated, and the averages of 15 monitoring stations were therefore used in this study

13



to represent daily exposure concentrations of cases during and before their deaths. In
addition, we applied the daily 8-hour maximum concentration for analysis, which was
used according to WHO air quality guidelines and regulations (55). PM,s was not
measured until August 2005 in Taiwan. We therefore collected data from 2006 to 2008

at 15 stations in metropolitan Taipei, Taiwan (Figure 2(B)., dots).

3.3 Statistical analysis

In the present study, a case-crossover design was applied to examine the association
between exposure to ambient air pollutants and total mortality, and mortality caused by
either CVD or DM. This is a mix of case-control and crossover designs in which cases
act as their own controls, and it is also able to compare. each subject’s exposure between
the event and non-event. Tn'our study, Fhe gvent is defined as risk period, and the

| —

non-event is defined as reference period:tas‘e-crossover designs are able to control
“ %

confounder effects such as gender, aéej, anc{‘!bther time-varying factors (47; 56) by study
design rather than statistical Iﬂodels.: : |

Moving average and single-lag models were used to investigate the effects of air
pollutant exposure. Days 0 to 6 before the death were selected as the risk period. In the
moving average model (Figure. 3), the exposure concentrations were computed with
moving averages of 1-day (the day of death) to 7-day (the day of death to six days
before death) to examine the risk of air pollutant exposure on mortality. In the single-lag
model, every single day before death from 0-day (0-day lag) to 6-day (6-day lag) was
selected as the risk period.

Four reference periods were selected every 7 days before death for 1 month (i.e., 7,

14, 21 and 28 days) before the risk period to control the day of the week, to remove

trend effects, and to minimize the bias of selection (57) (Figure. 3). The concentrations

14



of reference periods were calculated the in same manner as the risk periods in the same
model.

The effects of PM,( and PM; s were adjusted in the models separately. In this study,
interquartile range (IQR, 75%- 25%) concentrations, which was calculated between
2006 and 2008, were used to express odds ratio (OR) estimations after modeling.
Conditional logistic regression model (PROC LOGISTIC) was applied to calculate the
OR between risk and reference periods with SAS 9.1.3. Relative humidity and

temperature were included in the final models.
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National Mortality
Registry

Total, CVD, and
diabetes deaths

03; NO; NOZ; NXI
PMlo and PM2,5

er study design

osure and DM deaths
exposure to mortality from total,
CVD and DM

Figure 1. The flowchart of the present study design.
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Chapter 4 Results

The demographic distribution of total, CVD, and DM deaths in metropolitan
Taipei between 2006 and 2008 is shown in Table 3. There are significant differences in
age distribution. The environmental data, including temperature, RH, PM, PM; s and
daily and maximum 8-hour mean Os levels, are shown in Table 4. To construct
2-pollutant models, correlations between air pollutants were computed (Table 5), and
only PM,o and PM; 5 were highly correlated.

Moving averages from 1-day to 7-day were computed. There was an increased
risk of O3 exposure on DM mortality fremthe l=day up to 7-day moving averages in the
single pollutant model (Figure 4.). A similar p‘attern was observed for the maximum
8-hour mean of O3, with less‘signiﬁcant results than the daily average of O;. Effects of
PMo, PM, 5, NO, NO, and NOx were not,gl;served in our, Stlnldy.

We observed a significant.risk (7-(1";};6R= 1.08; 95% confidence interval (CI):
1.03, 1.15, adjusted by PM, 5) of O3 e)gposur;é on DM mortality with the moving average
model (Figure 5.) adjusted by PMjg 6r PM5 5. Similar results were observed when the
maximum 8-hour Oz concentration was used (7-day OR=1.08, 95% CI: 1.03, 1.13,
adjusted by PM,s) (Figure 6.). In the single-lag model, we observed two peaks in both
daily (Figure 7.) and maximum 8-hour (Figure 8.) O3 metrics. However, the effects were
less prominent than those in the moving average model.

Mortality risks due to Os exposure for different subgroups were further assessed
using the daily moving average model (Figure 9. and 10.) and the single-lag model
(Figure 11. and 12.). An association between O3 exposure and mortality was found in
the daily moving average model for males (7-day OR=1.19, 95% CI: 1.07, 1.33,

adjusted by PM;5), but not for females (7-day OR=1.03, 95% CI: 0.92, 1.16, adjusted
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by PM, ). In the daily moving average model with maximum 8-hour O3 concentrations
(Figure 10.), the similar result was also observed for male (7-day OR=1.08, 95% CI:
1.03, 1.15, adjusted by PM; 5). While in the single-lag model with daily (Figure 11.) and
maximum 8-hour (Figure 12.) O3 concentrations, the effects of O3 exposure on mortality
by different genders were not found (male, 7-day OR= 1.06, 95% CI: 0.99, 1.13; female,
7-day OR= 0.99, 95% CI: 0.92, 1.06; adjusted by PM; s with daily O3 concentration).
The age group of 50-65 years in the moving average model had an elevated risk (7-day
OR=1.22, 95% CI: 1.02, 1.46, adjusted by PM,s) of O3 exposure (Figure 13.), whereas
we did not observed any significant results in the groups greater than 66 years old. In
the moving average model with maximum 8-hour O3 eoncentrations (Figure 14.), we
did not observe prominent results inidifferent age groups, neither in the single-lag model
with daily and maximum 8 hout O3 conceptrations (Figure‘15. and 16.).

| —

We further compared*the OR of O3 ﬁéﬂ)?nﬁbsme and total ‘mortality, CVD deaths and
“ %

DM deaths. In the daily moving avefége m&del, similar pattérns of cumulative effects of
risk between O3 exposure and.rnorta:lity were fourld for total (7-day OR=1.17, 95% CI:
1.10, 1.24, adjusted by PM, s5) and CVD-(7-day OR="1.10, 95% CI: 1.04, 1.16, adjusted
by PM;s) mortalities (Figure 17.). It appears that DM deaths are not at higher risk than
total and CVD deaths of O; exposure. According to the 7-day OR results, males have a
higher association from O3 exposed in total (7-day OR= 1.16, 95% CI: 1.07, 1.26, PM, s
adjusted), CVD (7-day OR= 1.15, 95% CI: 1.06, 1.24, PM;s adjusted) and DM
mortalities (Figure 18.). In contrast, for females, we only observed increased risk with
total mortality (7-day OR=1.18, 95% CI: 1.09, 1.28, PM,s adjusted). The age groups

between 50-65 years were at risk for DM deaths, while groups older than 66 years were

at risk for total and CVD deaths (Figure 19).
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Chapter S Discussions

In this study, we found that O3 exposure was associated with total, CVD and DM
mortality, and there were cumulative effects between O; exposure and mortality.
However, the risk of O3 exposure on DM death is not higher than those for total and

CVD deaths.

5.1 Ozone exposure and mortality

Associations between Os; exposure and total mortality have been found in
previous studies (8; 12). Meta-analysis studies have also reached the same conclusion
on the association between O3 exposure and moftality (27; 28). An association between
CVD death and O3 exposure has also been reported (58). In-a study conducted by Bell et
al. (12), the 7-day average O; concentra‘gigr‘l‘was associate(i with daily total and CVD
deaths. However, other studies did not obta; géﬂsistent results on the risk of death after
O; exposure (13; 31; 32). The associ.agion of::CVD hospital édmissions and O3 exposure
has not been consistently obsetved | (3;°10). Data onthe relationship between Os
exposure and DM deaths is limited. One study ‘found an association between DM
mortality and 4-day averages of 8-hour maximum Oj; exposure (23). In other studies, an
association between 8-hour daily O; exposure and DM mortality was not observed (13;
16). In our study, we observed an increased risk and cumulative effect on DM deaths in
response to the 0- to 7-day Os moving average. Thus, our results provide further support
for the health effects of O; on the mortality from total, CVD and DM. Possible

explanations for Os-related mortality include increased oxidative stress, inflammatory

reactions, and autonomic control dysfunctions (59; 60).
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5.2 Ozone exposure metrics
5.2.1 Daily average and maximum 8-hour means of O3 level

Both daily averages and maximum 8-hour means were used in previous studies to
represent O3 concentrations (8; 12; 13; 23; 31; 32). However, it is not clear which value
serves as a better exposure metric. In the current study, we observed similar results for
both the daily averages and maximum 8-hour means on all types of mortalities. One
study examined the risk in three O3 metrics, including daily, 8-hour, and maximum 1-hr
O; concentration, and found significant associations between O3 exposure and total and
CVD deaths with these metrics (12). One study found that the ratio between maximum
8-hour mean and daily average may vary among different cities (61). Thus, both daily
averages and maximum 8-hour means of O; concentrations should be included in the

analysis.
==
Y
| i

5.2.2 Moving average and single—la”g models

One study investigated the risl:< of O3 expoéure, on total and CVD mortalities and
found that the risk of Oz exposure on ‘mortality was higher with the moving average
model than the single-lag model (12). Another study conducted single and cumulative
lag models to examine the risk of O3 exposure on CVD deaths and did not find an
association between O3 exposure and mortality in the single-lag model (31). In our study,
we have found the lag effects of O3 exposure on DM deaths in the single-lag model. It
appears that Oz exposure has acute and lag effects. However, the daily moving average
metric for O3 is more sensitive and consistent than the single-lag model. Thus, the daily
moving average metric for Oz needs to be included in the analysis for the association
between DM deaths and Oz exposure. However, hospitalization information was not

available in mortality data. Thus, increasing risk of longer exposure period may be
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observed due to hospitalization period in our study.

5.3 Total, CVD, and DM mortalities

DM mortality was associated with O3 exposure, and the primary causes of death
among DM deaths from multiple causes of death database were infections, CVD,
respiratory diseases, and genitourinary diseases (Figure 20.).

We did not observe an increase in DM mortalities with O3 exposure relative to
other causes of mortalities. In a study conducted by Medina et al., diabetics who were
exposed to Oz did not have a higher risk of death than those with CVD (13). One study
conducted in Canada found that DM patients with co-exXisting diseases were more likely
to be affected by O3 (16). DM 18 astisk factor for €VD and is known to be associated
with mortality from infectious disease, gnd the diseasesimay be exacerbated in DM

| —

patients (62). Because the Mortality Regiqé%'no‘nly has one Single cause for deaths, we
“ %

did not further investigate the secon&a@ry c;l%ises ofldeaths."The specific causes of death

from diabetes need to be idéntiﬁec:l 1n. future s';udies. Although we did not observe

increased deaths from DM as compared to total deaths, the role of DM on total

mortalities needs to be further clarified.

5.4 Gender and age differences

In the present study, males and those aged between 50- 65 exposed to O; had an
elevated risk of death due to DM. In one review paper, the author found that males were
at risk for reduced lung function after O3 exposure (63). Gender differences were also
observed in the present study, as males had an elevated risk of death after O3 exposure.
This difference may be due to different time-activity patterns between genders, as males

tend to spend more time outdoors than females (64). Subjects in the age group of 50-65
21



years had a greater risk of DM-associated death after O3 exposure. Again, this may be
explained by the fact that the younger subjects spend more time outdoors. However, the
effects of age on all mortalities and those caused by CVD or DM were inconsistent.
Different pathophysiological mechanisms for these mortalities may contribute to these
differences.
5.5 The National Mortality Registry data

The National Mortality Registry is based on the household registration system in
Taiwan. All of the citizens in Taiwan are required to have one registered address. The
potential discrepancy between the household registry address and the actual living
address was estimated to be less than'5% based on the study by Hung et al. (65). Thus,
the misclassification of O3 exposure for each individual should be limited and should
not affect the results. The' other limita‘Fion of 'our study is that we used average

| —

concentrations of pollutants from monitof;?g"stations to represent individual exposure.
d A

Because of the relatively large numl;eir of. gbnitoring stations in the study area, we are

confident that the calculated" pollut:ant levels ar; ‘not greatly deviated from the true

values.

In Taiwan, diabetes is frequently recorded in part I of the death certificate, while
in the United States and other countries, it is recorded in part II (45) (Figure 21.). Thus,
based on this coding system, DM in Taiwan would be more likely to be selected as the
underlying cause of death. Caution is required when comparing mortality studies
between Taiwan and western countries.

In conclusion, we found that DM mortality was associated with O3 exposure, but

that DM deaths were not more associated with O3 exposure than total and CVD deaths.

The ole of DM on Os-related mortality needs to be further studied.
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Chapter 6 Conclusions and Recommendations

In the present study, increased mortality risk in DM is associated with O;
exposure. Moving average model with daily O3 exposure is an appropriate exposure
metric for DM deaths. With the metric of the daily average of O3, male and subjects
aged 50- 65 are at elevated risk of death. In the comparison of different causes of
death from total, CVD, and DM, there is no obvious higher risk in DM death from the
others, and the specific causes of death from DM need to be identified in the future
study.

To improve the exposure assessment'of 03,‘ models for estimating the correlation
between monitoring measurements and individual exposure.of O3 concentration is
suggested. Further, multiple;causes of death database'ean-be applied to investigate the
causes of death from DM when it is rele'aﬂggs‘c'l_"by the Taiwan Government.

%
i
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Table 3. Demographic Distribution of Total, CVD, and DM Death in Taipei, 2006- 2008

Total deaths CVD deaths No. of DM deaths (%)
Variables . .
No. (%) No. (%) Total Male Female
Total 11534 11534 5767 2916 (50.6) 2851 (49.4)
Age 74.8 (10.5) 74.8 (10:3) 74./8(10.5)" 73.3 (10.7)" 76.3 (10.0*
50-65 2320 (20.1) 2320420.1) 1160 (20.1)** 733 (25.1)** 427 (15.0)**
66-80 5436 (47.1) 5436 (47.1). :;.F 2718 (47.13) 1346 (46.2) 1372 (48.1)
>81 3778 (32.8) 3778 (32.8)& X - 11889(32:8) 837 (28.7) 1052 (36.9)

|

CVD: cardiovascular disease; DM: diabetes mellitus; ** P <0.00,1; A Mean (staﬁd_ard deviation, SD)

Total and CVD deaths were matched by DM deaths according to gender ‘and age at 1:2 ratio
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Table 4. Distribution of Air Pollutants in Taipei between 2006 and 2008

Mean (SD) Max Min IQR
o 23.5(5.2 323 9.3 8.5
Temp ('C) 3:5(52)
72.4 (8.4) 94.5 48.0 11.9
0
e TS,
Daily O,  (ppb) 26.1 (8.8) ,EE,‘;E{‘* etk e 2 5.7 11.6
‘: e T
Max 8-hour O, (ppb) 40.6 (1@&) 7.8 17.1
A o -
50.9 (23.5) | 12.5 27.2
PM,, (ng/m') '
=, =2
29.1(15.2) = 5.9 16.7
3 ] -
PMz.s (ng/m’) ...; ? . r%..
_— il
Temp: temperature; RH: relative humidity; W '
1.:\_'_...:-!-..5 }

il
{r r & lﬁ’»__ g
A 5] S — {;,

{‘.g_;.-n Efisj's__;jlr_ :-L
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Table 5. Correlation Coefficients among Different Pollutants in Taipei, 2006- 2008

Temp. RH Daily O3 Max 8-hour O3 PMIO PM, S
Temp 1.00 -0.14%* -0.04 0.28 ** -0.15 ** -0.12 **
RH 1.00 -0.32 ** -0.39 ** -0.36 ** -0.23 **
., J ] J0Y ey
Daily O3 i 0 ?0.73 ok 0.38 ** 0.34 **
Max 8-hour O, 7100 0.46 ** 0.47 **
PM AN 1.00 0.93 **
10 %
PM I 1.00
25 =
= 7 J:_S'
Temp: temperature; RH: relative humidity; ** P <0. 01"?-':- ?*- f"
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Reference Reference Reference Reference Risk
period period period period period
Mon Tue Wed Thu Fri / Sat Sun
1 5

6 7 8 12
13 14 15 19
20 21 22 26
27 28 29

Figure 3. The selection of risk and reference periods inthe moving average model
Risk period: moving average of 1= to 7-day before the event day

Referenced period: moving average of-l-to 7-day before the risk period every 7 days
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Figure 4. OR of each IQR increase among DM deaths in the moving average model.*

*adjusted by temperature and RH.
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Figure 5. OR of each IQR increase among DM deaths in the moving average models** with daily O3 concentrations.

**adjusted by temperature, RH and PM;¢ or PM; 5.
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Figure 6. OR of each IQR increase among DM deaths in the moving average models** with maximum 8-hour O; concentrations.

**adjusted by temperature, RH and PM;o or PM; 5.
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Figure 7. OR of each IQR increase among DM deaths in the single-lag model ** with daily O; concentrations.

**adjusted by temperature, RH and PM;o or PM; 5.
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Figure 8. OR of each IQR increase among DM deaths in the single-lag model ** with maximum 8-hour O3 concentrations.

**adjusted by temperature, RH and PM;o or PM; 5.
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Figure 9. OR of each IQR increase among DM deaths in the moving average model** by different genders with daily O3 concentrations.

**adjusted by temperature, RH and PM;¢ or PM; 5.
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0.7

Figure 10. OR of each IQR increase among DM deaths in the moving average model** by different genders with maximum 8-hour O3
concentrations.

**adjusted by temperature, RH and PM;¢ or PM; 5.
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Figure 11. OR of each IQR increase among DM deaths in the single-lag model** by different genders with daily O3 concentrations.

**adjusted by temperature, RH and PM;o or PM; 5.
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Figure 12. OR of each IQR increase among DM deaths in the single-lag model** by different genders with maximum O3 concentrations.

**adjusted by temperature, RH and PM;o or PM; 5.

44



1.6

1.4

1.2
OR

50- 65 66- 80 81 and over

Daily O3+PM10 Daily O3+PM2 5

=

| Daily 03+PM1g Daily O3+PM2 5
Daily O3+PM10 Daily O3+PM2 5

—p—

Tﬁ-‘l—-ﬂ:—

1.0

0.8

1234567

03

V' 1234567 7 1234567 1234567 1234567 1234567 1234567 1234567 1234567 1234567

PMio O3 PM2503 PM10O3 PM25 O3 PM1o O3 PM25

0.6

Moving average
1, 1 day
2, 2 days
3, 3 days
4, 4 days
5, 5 days
6, 6 days
7, 7days

Figure 13. OR of each IQR increase among DM deaths in the moving average model** by different age groups with daily O3 concentrations.

**adjusted by temperature, RH and PM;y or PM; 5.
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Figure 14. OR of each IQR increase among DM deaths in the moving average model** by different age groups with maximum 8-hour O;
concentrations.

**adjusted by temperature, RH and PM;o or PM; 5.
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Figure 15. OR of each IQR increase among DM deaths in the single-lag model** by different age groups with daily O; concentrations.

**adjusted by temperature, RH and PM;o or PM; 5.
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Figure 16. OR of each IQR increase among DM deaths in the single-lag model** by different age groups with maximum O3 concentrations.

**adjusted by temperature, RH and PM;o or PM; 5.

48



1.25

Total death T CVD death DM death

1.20
® __ _
115 - -1 ? T .
‘ . ——
OR - - T 9 _

1.10 e | L o ® ®
1.05 +
1.00
0.95 1 232 838 8 871 12 3458687 123 4 5 817

Moving average
1, 1 day
2, 2 days
3, 3 days
4, 4 days
5, 5 days
6, 6 days
7, 7days

Figure 17. OR of each IQR increase in the moving average model** for total, CVD, and DM deaths with daily O; concentrations.

**adjusted by temperature, RH and PM, s,
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Figure 18. OR of each IQR increase in the moving average model** for total, CVD, and DM deaths in different genders with daily O;
concentrations.

**adjusted by temperature, RH and PM; 5.
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Figure 19. OR of each IQR increase in the moving average model** for total, CVD, and DM deaths in different age groups with daily O;

concentrations.

**adjusted by temperature, RH and PM; 5
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Figure 20. Primary causes of death@%}% Sﬁﬁms:%m part I of the death certification

Source: Multiple Causes of Death Database, Lu.
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Figure 21. The death certification in Taiwan
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