Research | Children’s Health

Estimated Effects of Asian Dust Storms on Spatiotemporal Distributions
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BACKGROUND: Increases in certain cause-specific hospital admissions have been reported during
Asian dust storms (ADS), which primarily originate from north and northwest China during winter
and spring. However, few studies have investigated the relationship between the ADS and clinic
visits for respiratory diseases in children.

OBJECTIVE: We investigated the general impact to children’s health across space and time by
analyzing daily clinic visits for respiratory diseases among preschool and schoolchildren registered in
12 districts of Taipei City during 1997-2007 from the National Health Insurance dataset.

METHODS: We applied a structural additive regression model to estimate the association between ADS
episodes and children’s clinic visits for respiratory diseases, controlling for space and time variations.

REsuULTS: Compared with weeks before ADS events, the rate of clinic visits during weeks after ADS
events increased 2.54% (95% credible interval = 2.43, 2.66) for preschool children (< 6 years of age)
and 5.03% (95% credible interval = 4.87, 5.20) for schoolchildren (7-14 years of age). Spatial hetero-
geneity in relative rates of clinic visits was also identified. Compared with the mean level of Taipei
City, higher relative rates appeared in districts with or near large hospitals and medical centers.

CONCLUSION: To our knowledge, this is the first population-based study to assess the impact of
ADS on children’s respiratory health. Our analysis suggests that children’s respiratory health was

affected by ADS events across all of Taipei, especially among schoolchildren.
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Evidence of adverse health effects result-
ing from ambient air pollutants, including
increased hospitalization and mortality rates,
has been accumulating in recent decades
(Dockery et al. 1993; Pope et al. 2002). In
Taiwan, high ambient air pollution levels are
often closely associated with the incidence of
Asian dust storms (ADS), which occur about
four to five times a year (primarily in the win-
ter and spring). ADS originate from arid areas
of northwest and north China and Mongolia
and spread to countries in East Asia (Liu et al.
2006). It has been reported that concentra-
tions of crustal elements and sea salt spe-
cies in PM, 5_;( (particulate matter < 2.5 to
10 pm in diameter) during ADS episodes in
central Taiwan may be twice as high as con-
centrations during non-ADS periods (Cheng
et al. 2005). Higher concentrations of PM
were also measured during ADS in Korea and
Japan, and higher concentrations of other ele-
ments such as aluminum, iron, and calcium
were measured in PM during ADS events
in China (Choi et al. 2001; Ma et al. 2001;
Zhou et al. 1996).

Concerns about health impacts due to
changes in concentrations, size distributions,
and chemical compositions of ambient pol-
lutants during dust storms have been raised in
recent years. Studies have reported significant
increases in daily mortality and hospital admis-
sions from all causes within 2 days after dust
episodes (Chen et al. 2004; Middleton et al.
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2008) as well as significant increases in emer-
gency visits for pneumonia, ischemic heart dis-
eases, and cerebrovascular diseases during dust
events (Chan et al. 2008). However, changes
in hospital admissions for cardiopulmonary
diseases during and after the dust storms are
less clear (Bell et al. 2008). Positive associa-
tions have been reported between dust storm
events in Taipei and hospital admissions or
clinic visits for asthma, stroke, congestive heart
failure, and conjunctivitis (Yang 2006; Yang
et al. 2005a, 2005b, 2009). Most studies of
the health impacts of dust storms in Taiwan
have been based on hospital admission data.
Therefore, inferences may be limited to vul-
nerable populations with serious defects in
cardiopulmonary function (Bell et al. 2008;
Middleton et al. 2008; Yang 2006; Yang et al.
2005a, 2009). Children have been considered
to be particularly sensitive to ambient pol-
lutant exposures (Bates 1995; Berhane et al.
2004; Salvi 2007; Schwartz 2004), but rela-
tively few studies have focused on the health
impacts of dust storms in children. However,
it has been reported that reductions in peak
expiratory flow rate in schoolchildren was
more strongly associated with ambient heavy
metals than with PM, 5 levels after dust storms
(Hong et al. 2010).

To understand the general impact of
ADS on children’s respiratory health, we used
population-based data on daily clinic visits
for respiratory diseases (all causes combined)
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registered in hospitals and clinics in Taipei
City during 1997-2007. In addition to inves-
tigating temporal patterns in relation to ADS,
we also investigated the spatial distribution
of clinic visits across 12 districts in Taipei
City using the structured additive regression
(STAR) model (Brezger et al. 2005). The
STAR model is based on a Bayesian frame-
work that can accommodate both linear and
nonlinear explanatory variables as well as
spatial and temporal autocorrelations.

Materials and Methods

Health care utilization data. Taiwan began
its National Health Insurance (NHI) pro-
gram in March 1995. By the end of 1996, the
Bureau of National Health Insurance (BNHI)
had contracted with > 97% of hospitals and
clinics nationwide (BNHI 2000), and 96%
of Taiwanese residents were enrolled in the
program (Lu and Hsiao 2003). The National
Health Research Institutes (NHRI) has coop-
erated with the BNHI to establish a research
database using standard procedures to assure
the quality and accuracy of claim data (Tseng
2004). For the purposes of personal privacy
and confidentiality, all individually identifiable
health information of the database is encrypted
by the BNHI before its release. The database
includes ambulatory care expenditures by vis-
its and appointments for contracted medical
facilities. Procedure and diagnostic codes are
used to retrieve cause-specific data according
to diagnosis-related groups or the International
Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM) (Centers for
Disease Control and Prevention 20006) clas-
sification codes. For this study we obtained a
database that included the hospital location
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and appointment date for all clinic visits for
respiratory diseases [ICD-9-CM codes 460
to 519, or A-code A31 to A32 (A-codes from
the abridged version)] in children < 14 years
of age in Taipei City during 1997-2007.
These clinic visits data were additionally cat-
egorized according to ages of preschool chil-
dren (06 years of age) and schoolchildren
(7-14 years of age) for more detailed analyses.
Environmental data. ADS events during
1997-2007 were identified by the Department
of Atmospheric Science at Chinese Culture
University (CCU) from 1997 to 2000 and
the Taiwan Environmental Protection Agency

Table 1. Dust storm days in Taipei, 1997-2007.

Year Date (month/day)

1997 1/1,3/7-3/8, 3/30, 4/8, 4/21, 4/27-4/28,

1998 1/4,2/13,2/18-2/19, 3/7, 3/19, 3/30, 4/4,
4/15, 4/17-4/19, 4/24-4/26, 5/1, 11/5, 12/15

1999 1/27,2/19,3/8-3/9, 3/26, 4/7, 4/13,11/25

2000 3/6-3/7,3/24-3/25, 3/28-3/29, 4/6, 4/8,
4/10-4/11, 4/15-4/16, 4/22, 4/27-4/28, 5/1,
5/3-5/4,5/13-5/18,12/24

2001 1/13-1/15, 2/1, 2/16-2/17, 2/21-2/25,
3/1-3/1, 4/12-4/14, 5/1-5/2

2002 2/11-2/12, 3/6-3/9, 3/23-3/24, 3/31-4/1,
4/8-4/15, 4/17-4/19

2003  2/18-2/19, 2/23-2/25, 3/6-3/9, 3/25-3/30,
4/25-4/28

2004 1/1-1/4,1/13-1/14,1/21-1/22,1/24-1/25,
2/6-2/12, 2/14-2/16, 2/26-2/27, 3/3-3/7,
4/2-4/4

2005 3/18-3/19,11/29-11/30, 12/21-12/22

2006 3/19-3/20, 3/29-3/30, 4/20-4/21

2007 1/28-1/29, 4/2-4/3, 4/17-4/18, 12/30-12/31

The ADS days are obtained from the CCU and TWEPA data
sets for 1997-2000 and 2001-2007, respectively. The details
of the ADS definition appear in “Environmental data.”
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Figure 1. Geographic distribution of the districts,
the medical centers, and the Jhongshan air quality
monitoring station in Taipei City.
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(TWEPA) from 2001 to 2007 (Table 1).
Specifically, an identified ADS event in the
CCU database should satisfy both criteria:
a) the visibility at any three neighboring
First GARP (Global Atmospheric Research
Programme) Global Experiment—type ground
stations (Nee et al. 2007) in East Asia is
< 1 km for 24 hr; and ) at least one of the air
quality monitoring stations (Wanli, Guanyin,
Danshui, and Yilan stations) observed PM,
concentrations > 100 pg/m? (Yu and Liu
2003). After 2000, the TWEPA used three
steps to define an ADS event officially. First,
TWEPA confirmed the occurrence of ADS
in China or Mongolia by checking a Weather
Integration and Nowcasting System devel-
oped by Taiwan Central Weather Bureau
(Chen 2002). Second, TWEPA estimated the
ADS transport by using Moderate Resolution
Imaging Spectroradiometer remote sens-
ing data (National Aeronautics and Space
Administration 2012) and several ADS mod-
els to forecast whether the ADS will come
to Taiwan. If forecasting results show that
an ADS may come to Taiwan, the TWEPA
would finally announce an ADS day as long as
at least one of the four air quality stations (the
Matsu, Wanli, Guanyin, and Yilan stations)
measured PM concentrations > 100 pg/m?
(TWEPA 2011). In addition to the ADS data,
PM;g concentrations have been regularly
monitored at TWEPA stations across Taiwan
since 1994. Both PM;, concentrations and
temperature measurements used in our anal-
ysis were based on daily observations at the
Jhongshan monitoring station located in the
most populated area of Taipei City (Figure 1).

Study Area. Taipei City, located in
Northern Taiwan, is the capital and largest
metropolitan area in Taiwan, with a pop-
ulation of > 2 million. Taipei is bounded
by the Yangming Mountains to the north,
the Linkou mesa to the west, and the Snow
Mountains to the southeast, resulting in a
basin topography that reduces air diffu-
sion and increases concentrations of ambi-
ent air pollutants. We analyzed clinical visit
data from 12 districts in Taipei City. The

A

geographic distribution of major medical cen-
ters and hospitals is also shown in Figure 1.

Methods

We used the STAR model to account for
temporal autoregressive correlation and spa-
tial autocorrelation in daily clinic visits for
respiratory diseases in children < 14 years of
age among the 12 districts in Taipei City dur-
ing 1997-2007. The outcome Y, is the num-
ber of children’s clinic visits for respiratory
diseases each day in district s (s = 1, 2, ..., 12)
onday #(r=1, 2, .., 4,017). We assumed
that daily clinic visits followed a Poisson dis-
tribution with expectation E(Y,) = p,, and
variance Var(Y;) = ¢,p,, where ¢; is an over-
dispersion parameter indicating the variation
in clinic visits that is not explained by the pre-
dictors. We used six dummy variables for day
of the week (DOW) from Monday through
Saturday (i.e., Sunday is the reference level) to
adjust for short-term trends, and a continuous
variable of PM at time # (PM,) to adjust for
the confounding effect of air pollutant. We
also modeled two nonlinear variables, 7 for
calendar time and 77, for daily mean temper-
ature at time #, using smoothers to adjust for
long-term trends and the effects of weather.
To estimate the influence of ADS events on
children’s respiratory clinic visits, we classi-
fied all days during the study period as ADS
event days, pre-ADS weekdays (i.e., the 7 days
before the first day of an ADS event), post-
ADS weekdays (the 7 days after the last day of
an ADS event), or the other days. For exam-
ple, in the second ADS event of 1997 from
March 7 to March 8 (3/7 to 3/8), the pre-
ADS weekdays were considered to be 1 week
before 3/7, and the post-ADS weekdays were
considered to be 1 week after 3/8, as shown
in Figure 2A. In case two consecutive ADS
events were too close (e.g., in 1998, the 9th
ADS from 4/17 to 4/19 and the 10th ADS
from 4/24 to 4/26), and caused the post-ADS
weekdays of the previous ADS to overlap the
pre-ADS weekdays of the next ADS, as illus-
trated in Figure 2B, the overlapped days were
also defined as the ADS event days.

The other Pre-ADS ADS Post-ADS The other
days weekdays event days weekdays days
............ 1997 1997 ... 1997 1997 1997 1997 ... 1997 1997 ...
2/271  2/28 36  3/7 38 39 3/15  3/16
The other Pre-ADS ADS Overlapped ADS Post-ADS
days weekdays event days days eventdays | weekdays
............ 1998 1998 ... 1998 1998 ....1998 1998 ....... 1998 1998 ... 1998 1998 ..
4/9 4/10 416 4/17 4/19 4/20 4/23 4/24 4/26 4/27

Figure 2. Schematic diagrams of the definitions for pre-ADS weekdays, ADS event days, post-ADS week-
days, and the other days (month/day). (A) Pre- and post-ADS weekdays are not overlapped; (B) pre- and

post-ADS weekdays are overlapped.
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Next, a vector DSI containing three
dummy variables of dust storm index for ADS
event days, post-ADS weekdays, and the other
days (i.e., pre-ADS weekdays are the reference
level) was created to analyze the ADS influ-
ence. Therefore, the complete STAR model
can be described by the equation

log(p,) = o + 8 x (DOW) + 3 x DSI
+Yy(PM,) + f(TP,) + f(T)
+ fspat(s) + offset,, [1]

where o represents the overall log relative rate
for all districts, d is a 1x6 vector containing
the coefficients of the day of the week vari-
ables, P is a 1x3 vector containing the coef-
ficients of the dust storm index variables, and
v is the coefficient of PM . The temperature
smoother f(7P,) and time smoother f(7) are
modeled using natural cubic B-splines with a
second-order random walk penalty (Lang and
Brezger 2004). The offset is the logarithm of
the district-level population based on the 2000
Census (Taiwan Ministry of Interior 2000).
The spatial function fg,(s) in Equation 1
can be decomposed into an unstructured spa-
tial effect and a structured spatial effect. The
unstructured spatial effect can be regarded as
a random intercept fitted by an exchangeable
normal prior with mean zero and variance
02, The structured spatial effect is a Markov
random field (Kindermann and Snell 1980),
which is achieved by assuming a normally dis-
tributed conditional autoregressive prior with
mean 2, cg, N,/V, and variance 62/N,. The
denominator &V, in both mean and variance is
the number of neighboring districts adjacent
to district 5, and s"€0; indicates that district s’
belongs to one of the neighboring districts O,
of district s. The nominator 1y in mean rep-
resents the structured spatial effect in district
s” (Fahrmeir and Lang 2001). Variances and
unknown smoothing parameters are estimated
simultaneously with hyper-priors assigned
by inverse gamma distributions [IG(0.001,
0.001)]. The structured spatial effect allowed
us to estimate the relative rate (RR) in district s
compared with the mean value for the popula-
tion as a whole, accounting for spatial auto-
correlation (Fromont et al. 2010). Moreover,
maps of structured spatial effects at the dis-
trict level were established to visualize the geo-
graphic distribution of RR. Spatial effects were
also classified into three groups according to
their posterior probabilities with respect to the
number 1: 2) 80% of the posterior distribution
< 1 indicating a significantly lower RR than the
mean level for the Taipei City area; 4) 80% of
the posterior distribution > 1 corresponding to
a significantly higher RR than the mean level
for the Taipei City area; ¢) the other districts
corresponding to a nonsignificant difference
of RR compared with the mean level for the
Taipei City area (Adebayo and Fahrmeir 2005;
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Kandala et al. 2011; Kazembe 2009; Kazembe
and Mpeketula 2010; Kazembe et al. 2008).

The STAR model is fitted by a fully
Bayesian influence approach using a Markov
Chain Monte Carlo technique carried out by
randomly drawing samples from a fully con-
ditional distribution of blocks of parameters
given the rest of parameters and data (Musio
etal. 2010). In the random sampling scheme,
22,000 iterations are carried out, with the first
2,000 samples discarded. Every 20th sample
is stored from the remaining 20,000 samples,
giving a final sample of 1,000 for posterior
estimations. Also, corresponding 95% cred-
ible interval (CI) was determined based on the
posterior distribution of the 1,000 samples,
and an estimate was considered significant
if its 95% CI did not include zero. The data
analysis was implemented by the BayesX 2.01
software package (Belitz et al. 2009).

Results

The major categories of children’s respiratory
diseases in our data set were upper respiratory
infection (70%), lower respiratory infection
(5.3%), asthma (4.7%), and chronic obstruc-
tive pulmonary disease (0.2%). Daily aver-
age respiratory clinic visits for children varied
among 12 districts in Taipei City before, dur-
ing, and after ADS events from 1997 through
2007 (Table 2). Daily mean (+ SD) visits dur-
ing ADS event days ranged from 419.9 + 156.2

in the Datong District to 1550.5 + 492.4 in
the Shihlin District. Most districts had lower
daily averages during pre-ADS weekdays,
except for the Datong, Beitou, and Wunshan
Districts. Daily average visits during post-ADS
weekdays were higher than during ADS days in
all districts except for the Jhongjheng District,
in which the average decreased from 945.4
+348.1 t0 930.1 + 359.6. The greatest increase
in visits from pre-ADS weekdays to ADS
event days occurred in the Jhongjheng District
(27.3 visits), and the greatest increase in vis-
its from ADS event days to post-ADS week-
days was observed in the Wunshan District
(37.3 visits).

Table 3 shows a consistently significant
association between ADS and children’s respi-
ratory clinic visits, especially in three ADS-
related periods. The percentage of estimated
rates of daily clinic visits for respiratory diseases
increased by 2.54% (95% CI: 2.43, 2.66) dur-
ing post-ADS weekdays compared with pre-
ADS weekdays in preschool children, and by
5.03% (95% CI: 4.87, 5.20) in schoolchildren.
In contrast, the percentage of estimated rates
of clinic visits was significantly lower during
ADS event days than for pre-ADS weekdays by
-1.62% (95% CI: -1.71, -1.52) for preschool
children and —5.66% (95% CI: —5.80, —5.53)
for schoolchildren. Compared with pre-ADS
weekdays, there were fewer visits during

other days in preschool children (-0.25%;

Table 2. Daily average clinic visits for respiratory disease among children < 14 years of age according to

Taipei City district, 1997-2007 (mean + SD).

District Pre-ADS weekdays ADS event days Post-ADS weekdays
Songshan 987.7 +280.3 995.3+252.2 1008.7 +262.5
Daan 1467.7 +589.3 1484.1 £531.5 1504.9 + 536.4
Datong 449.0 + 185.6 419.9+156.2 453.4+177.0
Jhongshan 1326.8 +522.8 1343.1 +493.7 1356.7 +482.3
Neihu 1328.3+513.1 1352.6 +423.3 1380.6 + 454.2
Nangang 554.1 +202.6 572.8+180.9 573.2 +186.2
Shihlin 1538.5 + 562.3 1550.5 +492.4 1560.7 +512.4
Beitou 1305.6 +472.3 1299.0 +426.5 1318.1 +436.1
Sinyi 1038.2 +373.5 10334 +£314.3 1056.8 + 310.0
Jhongjheng 918.1 £375.0 945.4 +348.1 930.1 +359.6
Wanhua 915.5+355.3 919.6 +308.4 938.8+325.9
Wunshan 1284.6 + 436.1 1272.9 + 360.4 1310.1 £ 405.4

Clinic visits for respiratory disease were for all-cause respiratory diseases, including four major categories: upper
respiratory infection, lower respiratory infection, asthma, and chronic obstructive pulmonary disease. Data are from the

NHRI in Taiwan.

Table 3. Percentage change in rates of daily clinic visits for respiratory conditions and spatial variance
components in preschool children, schoolchildren, and all children combined in Taipei City, 1997-2007

[% (95% CI)].

Preschool children Schoolchildren All children

ADS episode

Pre-ADS weekdays Reference Reference Reference

ADS event days -1.62 (-1.71,-1.52) —5.66 (-5.80, -5.53) —2.97 (-3.05,-2.90)

Post-ADS weekdays 2.54(2.43, 2.66) 5.03 (4.87, 5.20) 3.38(3.28,3.47)

The other days -0.25(-0.32,-0.18) 1.78(1.68, 1.87) 0.45(0.39, 0.51)
Variance components

o/’ 0.0019 0.0025 0.0019

o 0.1576 0.0482 0.1184

p (%) 98.81 95.07 98.42

Notation: 6,2 = unstructured spatial variance; o = structured spatial variance; p = proportion of the structured spatial

variance in total spatial variance, i.e., 0%/(c,2+ 0 x 100%.
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95% CI: —0.32, —0.18) and more visits in
schoolchildren (1.78%; 95% CI: 1.68, 1.87).
For all children combined, estimated daily
clinic visits increased on post-ADS weekdays
and other days and decreased on ADS event
days compared with pre-ADS weekdays. In
general, regardless of the age stratification,
daily rates of children’s clinic visits were high-
est on post-ADS weekdays and lowest during
ADS event days.

We estimated that each 10-pg/m? increase
in PM;, was associated with a 1.18% (95%
CI: 1.17, 1.19) increase in daily clinic visits
for all children combined, and with estimated
increases of 1.54% (95% CI: 1.52, 1.56) and
0.99%, 95% CI: 0.98, 1.01) in schoolchildren
and preschool children, respectively. The asso-
ciation between temperature and children’s
clinic visits for respiratory conditions was non-
linear but positive for colder temperatures and
inverse for higher temperatures (Figure 3).

We observed spatial heterogeneity in the
RR of children’s respiratory clinic visits in
Taipei City after adjusting for ADS events,
PM g, and daily temperature (Figure 4). For
preschool children, the highest RR appeared in
the Jhongshan District at the center of Taipei
City, three adjacent districts (Shihlin, Neihu,
and Jhongjheng), and the Wunshan District
(Figure 4A). For schoolchildren, the highest
RR appeared in the Jhongshan, Jhongjheng,
and Neihu Districts (Figure 4B). Relatively
lower RR was detected in the Datong,
Wanhua, and Shinyi Districts for preschool
and schoolchildren. Structured spatial effects
explained more of the geographic variation
than unstructured spatial effects in both age
groups, as indicated by the high ratios of vari-
ance components (p) > 95% (Table 3).

Discussion

To our knowledge, this is the first popula-
tion-based study examining the impact of
ADS on children’s ambulatory clinic utiliza-
tion for respiratory diseases. We found that

03 Preschool children
Schoolchildren
02 —— Al children

-0.2
-03
-0.4
T T T T T T
10 15 20 25 30 35
Temperature

Figure 3. Temperature smoother for preschool chil-

the estimated rate of clinic visits in children
< 14 years of age was significantly increased
during post-ADS weekdays compared with
visits during pre-ADS weekdays. This finding
is consistent with several studies in Taiwan.

For example, health impacts of ADS have been
estimated based on hospital admissions (Yang
2006; Yang et al. 2005a, 2005b, 2007, 2009),
mortality (Bell et al. 2008; Chen et al. 2004),
and emergency department visits (Chan et al.

-0.36

Figure 4. Structured spatial effect (left) with 80% posterior probability (right) for (A) preschool children, (B)
schoolchildren, and (C) all children. Districts in black show strictly negative Cls, whereas white districts
depict strictly positive Cls, and grey districts represent Cls containing zero.

dren, schoolchildren, and all children. f(TP), amount
of changes in children’s clinic visits explained by
temperature variation.
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2008). Inferences based on associations with
more severe outcomes may be limited to vul-
nerable populations with deficits in respiratory
function (Middleton et al. 2008). In contrast,
the availability of the NHI database in Taiwan
allowed us to estimate associations with clinic
visits for respiratory conditions, which may
provide a more comprehensive view of the
health impact of ADS events in general popu-
lations. The results from the present study can
inform governmental agencies trying to under-
stand the health impact of ADS on the general
population of children.

We found that schoolchildren appeared to
be more adversely affected by ADS events than
preschool children. One possible explanation
could be differences in the extent of expo-
sure. In Taiwan, schoolchildren are obligated
to attend schools on weekdays even despite
the occurrence of ADS. Although the idea of
school suspension during severe ADS events
has been proposed, no corresponding policy
has been made. In contrast, preschool children
may have been kept at home or indoors during
ADS, resulting in less outdoor exposure.

Open access without provider choice
restriction and small co-payments are features
of Taiwan’s NHI program that encourage uti-
lization of ambulatory and emergency services
in Taiwan, where the average resident visits
a clinic 14.2 times per year. As a result, NHI
clinic visit data are highly likely to identify
substantial variation in visits to medical cen-
ters. Geographic variation in visits among dis-
tricts may be attributable to the absence of
medical centers, such as those in the Sinyi and
Nangang Districts. Medical facilities in the
Datong and Wanhua Districts, the two oldest
communities in Taipei, are relatively under-
developed, without major medical centers in
either district.

Study limitations include the potential
for uncontrolled confounding—for example,
related to holidays, influenza outbreaks, and
weather. Temperature is strongly associated with
influenza epidemics (Liao et al. 2009) because
of the influence of temperature on influenza
virus transmission patterns (Lowen et al. 2007).
We used a natural cubic spline of temperature
to adjust for changes in weather conditions over
time, as others have done in previous studies
(Bell et al. 2007, 2008; Dominici et al. 2006;
Peng et al. 2005), using a variety of temperature
measures including the average of three previous
days’ temperature (Bell et al. 2007; Dominici
et al. 2006). Continuous linear predictors or
categorized variables are also frequently used to
represent the temperature influence in statistical
analysis (Yang et al. 2005a, 2007); however,
the association between temperature and clinic
visits was not explicitly linear in our study, as
shown in Figure 3.

Holidays may play an important role in
clinic visits because most clinics are closed

Asian dust and children’s respiratory clinic visits

during holidays. We adjusted for day of the
week to account for changes in clinic use on
Saturdays and Sundays. Few ADS events
occurred during major holidays [New Year’s
Day (1 January), Chinese New Year (5-9 days
beginning on the last day of the 12th lunar
month), Peace Memorial Day (28 February),
Tomb-Sweeping Day (5 April), and Labor
Day (1 May)]. Hence, we believe the impact
of national holidays would not have substan-
tially influenced our results.

Clinic visits recorded in the NHI data
set included both walk-in visits and appoint-
ments; however, we believe that including
appointments would not have biased asso-
ciations with acute effects of ADS. In addi-
tion, about 70% of the total respiratory visits
were for upper respiratory infections that were
treated primarily at local clinics and hospitals
during the study period. In Taiwan, patients
are commonly seen at the local ambulatory
services on a “first-come, first-served” basis,
with relatively few appointments. Nonetheless,
appointments may be more likely in medi-
cal centers or regional hospitals, which gener-
ally account for about 3% of all clinic visits
for the relatively minor conditions that were
most common in our data set, such as upper
respiratory infections.

A major strength of the study was our use
of the STAR modeling approach, which iden-
tifies temporal patterns of space—time processes
based on both linear and nonlinear explana-
tory variables (Hastie and Tibshirani 1990).
Moreover, using a spatial function in this
study was an innovation in ADS and adverse
human health research. In the STAR model,
spatial heterogeneity can be revealed by mod-
eling a spatial function and local information
on the neighborhoods of interest. Both point-
based (coordinate) and polygon-based (bound-
ary) geographic data can be used in the STAR
model (Fahrmeir and Kneib 2011), but we
used boundary data because detailed addresses
of patients were not available. Furthermore,
the Bayesian framework of STAR model
makes it possible to account for parameter
uncertainty in the analysis. Use of this novel
approach not only identified temporal changes
in clinic visits across the entire city in asso-
ciation with ADS events, but also identified
spatial patterns of clinic visits among Taipei
districts that may reflect access to medical
resources and the city transit system.

Conclusions

The increased frequency of ADS in recent
decades has raised concerns about health
impacts on the general population of Taiwan,
especially children. Our results show that
clinic visits for respiratory conditions increased
in children < 14 years of age following ADS
events, particularly in schoolchildren. Spatial
patterns also show that most districts with
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significantly increased children’s respiratory
clinic visits had large medical centers and hos-
pitals, which suggests that children’s clinic
visits in association with ADS events may
be influenced by access to medical resources,
especially medical centers. These results are
relevant to policy makers responsible for pro-
tecting children’s health during ADS events,
including governmental agencies consider-
ing policies for class suspension during ADS.
Further study is required to estimate effects
related to the magnitude of ADS events and
ambient pollutant concentrations associated

with ADS on the health of children.
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