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Abstract
Background Population-based data from Taiwan are used
to examine seasonality in pediatric asthma admissions
(proxy for asthma exacerbations) and associations with air
pollutants and climatic factors. Monthly admission rates per
100,000 population, classified into three age groups, 0∼2,
2∼5, and 6∼14 years (calculated from a total of 27,275
hospitalizations during 1998–2001) were subjected to
autoregressive integrated moving average (ARIMA) mod-
eling to examine seasonality. Spearman rank correlations
were used to examine associations with criterion air
pollutants (PM10, SO2, CO, O3, NO2) and meteorological
factors (ambient temperature, relative humidity, atmospher-
ic pressure, rainfall, and sunshine hours).
Results Both seasonality and associations with air pollut-
ants and climate factors vary by age group. Among under-
twos, the rates are lowest in January–February and highest
in November, with a trough in June–July. Among pre-
schoolers, the rates are lowest in June–July and highest in
November, with two upsurges in August and March.
Among school-goers, admission rates are lowest during
June–August, with upsurges in March and September. The

number of weather and pollutant predictors increases with
age. Among under-twos, only two factors, PM10 and
rainfall, significantly predict admissions. For preschoolers,
five factors (PM10, CO, O3, temperature, and pressure), and
for school-goers, all air pollutants except NO2, and all
climatic factors except rainfall are significant.
Conclusion Seasonality in pediatric asthma admissions
vary by age in a subtropical island setting.
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Introduction

Increasing prevalence of pediatric asthma with economic
development is well documented, and it continues to
increase in the developed countries (for example, from
3.6% to 6.2% between 1980 and 1996 in the US [1], and
5.3% to 11.7% between 1986 and 2001 in Denmark [21]).
Many developing countries also have high rates, such as
Oman, 20.7% in 13–14 year olds and 10.5% in 6–7 year–
olds, and Rio De Janeiro in Brazil, 15–19% pediatric
asthma rates, depending on local pollutant levels [2–4].
Taiwan, a subtropical island, has also witnessed increasing
asthma rates among school children; 1.3%, 5.07%, and
8.45%, respectively, in 1974, 1985, and 1997 [22].
Currently, asthma affects an estimated half a million of its
23 million population, causing 30,500 hospitalizations
every year [20].

The seasonality of pediatric asthma is widely docu-
mented in the UK, Greece, and Hong Kong [7, 15, 23]. Yet,
the environmental physico-chemical variables mediating
asthma attacks remain uncertain. Current literature on real-
time seasonal associations with atmospheric pollutants,
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vehicular traffic counts, and meteorological factors is
limited to convenience or random samples of subjects [4,
8]. No population-based studies are documented. Popula-
tion-based studies can guide clinical and biological research
into the etio-pathogenesis of asthma, and enable targeted
asthma mitigation programs.

Nationwide claims data from Taiwan’s National Health
Insurance Database present a unique opportunity to identify
seasonality in asthma severity by using hospitalization as a
proxy for severe exacerbations. Due to universal, compre-
hensive health benefit coverage of all citizens under
National Health Insurance (NHI), the data include all
asthma admissions in Taiwan. In addition, the recent
development of its local petro-chemical industry has
aggravated air pollution levels [24], presenting a window
of opportunity to examine pollution-related factors in
childhood asthma, concurrent with climatic variations.

Methods

Hospitalization data and study sample

All inpatient claims for children aged 0–14 years admitted
during 1998 to 2001 with a principal diagnosis of asthma or
asthmatic bronchitis (ICD-9-CM code 493) were studied
among a total of 27,275 cases. All admissions were
regarded as discrete episodes, even if a patient had multiple
admissions during the study period. The study’s focus is to
identify the asthma aggravation potential of meteorological
and pollution factors. Therefore, each hospitalization,
representing each (episode of aggravation), rather than the
patient, is treated as the unit of analysis. Patients were
categorized into <2 years (very young children), 2∼5 years

(pre-school), and 6∼14 years (school-goers) groups. Na-
tional age-specific and gender-specific monthly asthma
admission rates per 100,000 population were calculated,
based on annual population data.

Air pollution and meteorological data

Monthly average concentrations of five priority air pollut-
ants (particulate matter less than 10 microns in PM10, SO2,
CO, O3, and NO2) of Taiwan were calculated by aggregat-
ing daily data from 55 air quality monitoring data banks of
Taiwan’s Environmental Protection Administration (EPA).
We excluded 11 stations with inadequate air pollutant data
and/or were located in the central mountainous area with
very little population. Taiwan is a small island (27,000
square miles), stretching to a maximum of 280 miles N–S,
and 110 miles E–W, with the moderating coastal influence
uniformly present in all inhabited areas. With limited
habitable area, its population of 23 million-plus lives under
quite uniform conditions of urbanization and industrializa-
tion. Therefore, we decided to average the values across all
observatories on the island. We use monthly mean data
because average values across a month tend to be smoother
spatially, and, therefore, may better represent community
levels of these pollutants [14]. Similarly, monthly mean
meteorological data on ambient temperature, relative
humidity, atmospheric pressure, rainfall, and hours of
sunshine were calculated from the daily data provided by
23 weather observatories.

Statistical analysis

Monthly asthma admission rates (admissions per 100,000
population) were calculated across the four-year study
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period for males, females, and both, aged <2, 2∼5, and
6∼14 years. Seasonality is a general component of time
series pattern. Therefore, the seasonality trend was evalu-
ated using autoregressive integrated moving average
(ARIMA) modeling to capture each variable as a univariate
time series function of its past values. ARIMA modeling
has been found to be suitable for seasonality studies in past
research. ARIMA models account for time trends and
detect repetitive patterns representing seasonality, if any.
The EViews 4 (2000) computer software package was used
for the analyses.

Results

Hospitalization data

Of the total number of 27,275 pediatric hospitalizations,
64% were male. Their age distribution was as follows:
<2 years=3,851 (14%); 2∼5 years=15,700 (58%); and
>5 years=7,724 (28%). Preschool children had the highest
mean admission rate (26.1 per 100,000 population), which

was about four times the average rate for 5–14 year-olds
(5.5 per 100,000).

Seasonal variation

Figure 1 illustrates seasonal variations in the monthly
admission rates for each age group, and all age groups
pooled together. Taiwan’s seasons are spring from February
to April, summer from May to July, autumn from August to
October, and winter from November to January.

The ARIMA seasonality models for each age group and
all age groups together showed distinct seasonality patterns
(table not presented). Among under-twos, January and
February have similar and the lowest admission rates, rising
in March (5.72/100,000 more than January) to a peak in
April (point estimate 7.51), then declining to a trough in
July (though 4.3 higher than in January), sharply rising
again in August, followed by a gradual increase to a peak in
November, and declining in December to the lowest trough
for the year in January–February. Among preschool
children (2∼5 year-olds), June–July show the lowest
admission rates (11.98 and 12.18 less than January),
followed by a sharp increase in August, a gradual increase
to the peak in November, a gradual decline in December
that is sustained in January, a sharp, significant fall in
February, a short-lived increase in March, and a decline in
April and May continuing to the June–July trough. School-
goers show the lowest admission rates in June, July, and
August (5.40/100,000, 5.37/100,000, and 5.32/100,000 less
than January), gradually increasing to the peak during
December and January, and then declining in February,
showing a short surge in March, and, thereafter, declining
gradually to the June–August trough.

Correlations with air pollutants and climatic factors

Associations of asthma admission rates with mean monthly
air pollutant levels and climatic factors are presented in
Figs. 2 and 3, respectively. Mean levels of PM10, SO2, CO,
O3, NO2, ambient temperatures, relative humidity, atmospher-
ic pressure, rainfall, and sunshine hours were 24.4 ug/m3,
4.7 ppb, 0.73 ppm, 21.9 ppb, 37.6 ppb, 23.9°C, 77.2%,
1,009.8 hPa, 207.8 mm, and 140.3 h, respectively, across
the four-year period. Table 1 shows the correlations of
monthly admission rates with the rankings of the monthly
mean air pollutant levels and climatic factors. In the <2 age
group, the monthly admission rates correlated significantly
with PM10 (r=0.321, p<0.05) and rainfall (r=−0.330,
p<0.05). For pre-school children, correlations with PM10

(r=0.564, p<0.001), CO (r=0.295, p<0.05), O3 (r=0.368,
p<0.05), ambient temperature (r=−0.353, p<0.05), and
pressure (r=0.372, p<0.001) were significant. Among
school-goers, correlations were significant with all air
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pollutants except NO2, and all climatic factors except
rainfall.

Discussion

Our findings on asthma exacerbation with PM10, CO,
and O3 levels in a subtropical island setting are supported
by studies from other countries [8, 16]. Differing season-
ality among the three age groups in Taiwan render an
“average” assessment of “pediatric” seasonality question-

able, and also makes it difficult to compare our findings
with other studies (e.g., Wales, Greece, South Africa, and
Finland [6, 10, 11, 15]). Variation in seasonal trends with
age are widely documented (e.g., UK, US, Greece, and
New Zealand [3, 7, 15]).

In our study, the apparent seasonality discrepancies
between age groups are resolved by the pattern of
associations: school-goers’ asthma admissions are signifi-
cantly predicted by eight out of ten criterion air pollutants
and meteorological indicators, whereas among under-twos,
only one air pollutant, PM10, and one climatic factor,
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Table 1 Spearman rank correlations of monthly asthma admission rates with air pollutants and climatic factors (n=27,275 hospitalizations)

Age groups
(years)

PM10 SO2 CO O3 NO2 Temperature Humidity Pressure Rainfall Sunshine
hours

<2 0.315* −0.168 −0.208 −0.081 −0.230 0.209 0.014 −0.117 −0.317** −0.026
2∼5 0.589*** 0.137 −0.281* 0.406*** −0.089 −0.341** −0.290** 0.402*** 0.068 −0.317**
>5 0.493*** 0.367** −0.134 0.570*** 0.149 −0.586*** −0.415*** 0.623*** 0.227 −0.385***

*p<0.05; **p<0.01; ***p<0.00
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rainfall, predicts exacerbations. Among preschoolers, five
factors (three air pollutants, PM10, CO, and O3, and two
climatic factors, ambient temperature and pressure) predict
asthma admissions.

The sharp deviation of under-twos’ asthma seasonality
from older children is plausibly due to being mostly home-
bound, relatively insulated from outdoor environmental
exposures. Being confined to a bed or crawling on the floor,
under-twos are likely to experience prolonged exposure to
allergens, such as house dust mite Dermatophagoides
pteronyssinus (Dp). The growth of Dp is highest at 22–
25°C temperatures and at relative humidity levels of 75–
80%, typical of indoor conditions in Taiwan during August
to November. Peak indoor Dp levels in Taiwan have been
documented in August–November, declining in December
through January, and to a trough in February [12, 19],
which coincides with the peaks and troughs of under-twos’
hospitalizations. Clinical-immunological studies have also
suggested that mite exposure is an important factor in
pediatric asthma in Taiwan [18, 19].

Past studies of real-time correlations with dust mite
levels and other indoor allergenic exposures, such as
cockroaches, indoor water damage/mold, and parent-per-
ceived pollution, may have yielded mixed or ambivalent
results due to the confounding of indoor and outdoor
exposures across age groups [5, 25]. Our findings suggest
the need for clinical and biomedical exploration into the
role of dust mites in infant asthma.

Another factor in the November peak among under-twos
could be respiratory syncytial virus (RSV) infections, a
widely documented winter virus that predisposes very
young children to winter wheezing [4, 26]. Due to the lack
of data on concurrent RSV in our database, we are unable to
explore this issue.

Toddlers’ asthma correlations (PM10, CO, O3, tempera-
ture, and pressure) appear to reflect the activity stage
transition that occurs between under-twos and school-goers
from home-bound, crawling status to increasing walking
and outdoor exposures. School-goers’ asthma correlations
with all air pollutants except NO2, are quite similar to adult
asthma correlates [13], probably reflecting the similarity of
outdoor exposures of school-goers and adults. During
school hours (7:30 am to 4:00 pm), classroom windows
and doors (typically at street level or, at the most, a couple
of stories high) are kept open, directly exposing children to
ambient pollutants and meteorological conditions. Most
schools (by design), are almost always in centrally located,
busy neighborhoods, increasing school-goers’ exposure to
high intensity traffic emissions. By contrast, home-bound
infants and toddlers may be protected by the overwhelming
preponderance of high-rise buildings for housing (due to
very high population density in the inhabited areas). High-
rise buildings limit the reach and intensity of traffic-related

pollutants. Schools are typically located in stand-alone
spaces, and are hardly two–four stories high. The air-
conditioning systems of many homes (in contrast to
schools) may further protect infants and toddlers from
ambient pollutants.

An inverse relationship between asthma admissions and
ambient temperatures among toddlers and school-goers is
consistent with several studies. Among school-goers, the
sharp upturns in September and March synchronize with
school re-openings for the fall and spring semesters
(August and February), possibly due to the increased
transmission of viral infections [9, 17].

Study limitations

Our study has several limitations. Information on parents’
smoking status is not available. We did not control for co-
morbidities, including viral infections, which are additional
risk factors for hospitalization. Other key items for
exploration are the height of the child’s home/school above
ground level, location (flyovers and traffic-dense junctions),
and concurrent data on house dust mite levels, as well as
RSV transmission.

This is a cross-sectional study, with each admission
regarded as a discrete episode. We could not identify
multiple hospitalizations of the same patient due to the lack
of patient identifier information. This limits the study’s
utility for distinguishing seasonality effects among habitual
versus sporadic sufferers (atopic versus intrinsic asthma).

Air pollution impact studies are often constrained by a
high correlation between pollutants, rendering it difficult to
pin-point specific causative pollutants. For this reason,
multivariate analyses are needed, using longer periods of
data for statistical power, region-wise admissions, and
weekly averages of pollutant levels. Another study limita-
tion is the lack of observatory data on PM2.5 in Taiwan,
which has been recently documented as being aerodynam-
ically more significant in lower airway disorders than
PM10.

Clinical and policy implications

Despite the above limitations, our findings provide direc-
tion for clinical and bio-medical research, chiefly, the role
of dust mites and their influence in infant and toddler
asthma. Regarding atmospheric pollutants, better emission
controls, local pollutant monitoring in busy areas and
school neighborhoods, and early warning systems may
help to protect susceptible children. Physicians could also
be alerted to aggressively abort respiratory infections in
predisposed children during such periods. Given current
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exhortations to limit antibiotic use to rein in drug resistance,
early warnings to provide timely antibiotic treatment may
protect susceptible children.

Comprehensive research using longitudinal designs
would enable the computation of asthma hospitalization
costs that are specifically attributable to vehicular traffic,
specific industries, etc. In turn, this may enable cost-
effectiveness comparisons between alternatives such as
cleaner fuels, improving public transportation, etc.
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