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Summary

What is already known about this topic?
Short-term exposure to air pollutants has been
associated with chronic obstructive pulmonary disease
(COPD) and asthma, which needs continuous
observation.

What is added by this report?

This study uses the longest time series data so far from
2013 to 2018 and adds additional data analysis for
ozone (O3) to existing studies.

What are the implications for public health
practice?

This study suggests that air pollutants have certain
acute effects on outpatient and hospital admission of
patients with COPD and asthma, which can be
combined with the disease diagnosis and treatment
guidelines to guide clinical practice.

Chronic obstructive pulmonary disease (COPD) and
asthma are two major chronic airway diseases. Recent
studies have focused on the relationship between air
pollution and the development of acute exacerbations
of COPD and asthma. In 2021, Liu et al. found that
fine particulate matter (particles with aerodynamic
diameter <2.5 pm; PM,s) and nitrogen dioxide
(NO,) increased the risk of COPD and asthma (7).
Doiron et al. found that PM,s, particles with
aerodynamic diameter <10 pm (PM;y,) and NO,
significantly enhanced the morbidity of COPD (2).
However, in 2014, a study found that neither NO,
nor PM levels were associated with COPD morbidity
(3). It can be concluded that there is no clear
conclusion whether short-term exposure to air
pollution increases the health risk of COPD and
asthma patients. Meanwhile, in China, the available
studies about air pollution are based on a three-year
time series of data from 2013-2015 (4), which may
not reflect the health effects of recent air quality
improvement initiatives. Therefore, we analyzed daily
outpatient and hospitalization data from the China
CDC Disease Surveillance Point System (DSPs) from
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January 1, 2013 to December 31, 2018 to explore the
impact of short-term exposure to air pollution on the
acute effects of patients with COPD and asthma.

This study collected inpatient and outpatient data
for respiratory diseases, concentration of each air
pollutant, as well as temperature and relative humidity
data from January 1, 2013 to December 31, 2018 in
16 hospitals in China in 5 cities (6 districts and
counties). We used the International Classification of
Diseases Revision 10 (ICD-10) codes J40-J44 for
COPD visits and codes J45-]46 for asthma. Relevant
air pollution data was obtained from the National
Urban Air Quality Real-Time Release Platform, and
temperature and relative humidity was obtained from
the National Meteorological Information Center.

Pollutant concentrations were aggregated to daily
means [carbon monoxide (CO), sulfur dioxides (SO,),
NO,, PM; 5, and PM;(] and daily maximum 8-hour
means (O3).

We used a time-stratified case-crossover design to
analyze the associations between air pollution and
hospital admissions for respiratory diseases. A time
stratum was defined as a combination of year, month,
and day-of-week levels. This design allows for the
adjustment of long-term and seasonal trends. We then
fit a generalized linear model (GLM) with a Poisson
distribution. Daily mean temperature and relative
humidity were also controlled by the natural spline
function in the model. The “stats” package in R
software (version 4.0.2, R Foundation for Statistical
Computing, Vienna, Austria) was used for analysis.
Results were presented as the percentage changes and
95% confidence intervals (Cls) in daily inpatient and
outpatient rates associated with a per 10 pg/m>
increase in air pollutants (CO is mg/m3). We also
assessed the single-day lag effect (from 0 to 3) and the
cumulative lag effect (0-1, 0-2, and 0-3) of air
pollutants on daily outpatient and hospitalization rates.

In total, 85,961 outpatient visits and 62,381
hospital admissions were observed for COPD and
asthma in 16 hospitals from 2013 to 2018.

Table 1 shows the mean pollutant concentrations,
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TABLE 1. Daily counts of hospitalizations and outpatient
visit for respiratory diseases and air pollution levels in
China, 2013-2018.

Variables Mean (SD)

Outpatient visit (daily counts per county)

COPD 38 (18)

Asthma 8 (5)
Hospitalizations (daily counts per county)

COPD 6 (4)

Asthma 3(2)
Pollutants

PM, 5 (ug/m?) 59.1 (43.4)

PMy, (ug/m®) 95.9 (61.9)

0O; (ug/im®) 112.8 (59.3)

S0, (ug/m°) 19.8.2 (17.2)

NO, (ug/m?) 47.9 (21.3)

CO (mg/m®) 1.1(0.7)

Abbreviations: SD=standard deviation; COPD=chronic obstructive
pulmonary disease; PM, s=particulate matter <2.5 m in diameter;
PM,,=particulate matter <10 m in diameter; SO,=sulfur dioxides;
NO,=nitrogen dioxide; CO=carbon monoxide; O;=0zone.

and the average daily respiratory  disease
hospitalizations and outpatient visits in the study areas
(expressed as mean and standard deviation). The
average daily respiratory disease outpatient visits were
approximately 38 for COPD and 8 for asthma, 6 for
COPD, and 3 for asthma in daily hospital admissions.

Atmospheric pollutants had an acute effect on the
risk of hospitalization for COPD (Figure 1A), and the
acute effects of PM; 5, O3z, and CO on the risk of
hospitalization for COPD were most pronounced at
lag02, with each 10 pg/m3 increase in PM; 5, O3, and
CO increasing the risk of hospitalization for COPD by
1.1% (95% CIL: 0.6%-1.7%), 1.7% (95% CI.
1.3%-2.1%), and 88.2% (95% CI: 6.7%-232%).
However, no acute effect of air pollutants on the risk of
hospitalization for asthma was seen (Figure 1B).

In patients with COPD, O3 was negatively
associated with an increased risk of outpatient visits for
COPD (Figure 2A), and NO, was positively associated
with increased risk of outpatient visits for COPD,
most strongly at lag02, with each 10 pg/m3 increase in
NO, associated with a 2.4% (95% CI: 0.4%, 4.4%)
increase in risk of outpatient visits for patients with
COPD.

Among asthma patients, PM, 5 and PM;, were
negatively associated with the risk of outpatient visits
(Figure 2B), with the strongest at lagl, where each
10 pg/m? increase in PM, 5 and PM was associated
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with a 0.6% (95% CI: —0.9%, —0.2%) and 0.4% (95%
Cl: —0.7%, —0.2%) decrease in the risk of outpatient
visits for asthma patients, respectively. O3, SO,, and
NO, were positively associated with increased risk of
outpatient asthma visits and were strongest at lag02,
with each 10 pg/m® increase in Oz and NO,
increasing the risk of outpatient asthma visits by 0.9%
(95% CI: 0.5%, 1.3%) and 2.9% (95% CI: 2%,
3.8%), respectively. The acute effect of SO, on
outpatient asthma visits was strongest at lag2, with
each 10 pg/m? increase in SO, increasing the risk of
outpatient visits for asthma patients by 1.1% (95% CI:
0.1%, 2.1%).

DISCUSSION

This study showed that air pollutants were related to
increasing outpatient and hospitalization rates of
chronic respiratory diseases. PM; 5, O3, and CO had
an acute effect on the risk of hospitalization, and NO,
was positively associated with an increased risk of
outpatient visits for COPD. In asthma patients, O3,
SO,, and NO, were positively associated with an
increased risk of outpatient asthma visits. These results
were basically consistent with the results of previous
studies. Each 10 pg/m® increase in PM,s was
associated with a 1.61% increase in the risk of
hospitalization for patients with COPD in the United
States and 0.82% in Beijing (5-0).

The present study showed that CO was positively
associated with the risk of hospitalization in patients
with COPD, which was inconsistent with the results of
previous relevant studies. A few epidemiological studies
have found that low levels of CO may have a protective
effect in some cases. A time-series study in Hong
Kong, China showed that short-term exposure to CO
was associated with a reduced risk of hospitalization for
COPD (7). However, in Spain, a retrospective study
found that elevated CO levels were associated with
increased hospital admissions in patients with COPD
(8), which was the same as our results. Therefore,
further studies are needed to confirm the direct health
effects of CO exposure on patients with COPD. At the
same time, our study shows that PM, 5 and PM; were
negatively associated with the risk of asthma outpatient
visits, which was inconsistent with previous research
results. A possible reason is that the concentrations of
ozone and PM, s are seasonal and that asthma is
affected by many factors. The overall confounders that
could affect the association between pollutants and
asthma exacerbations also need to be taken into

Chinese Center for Disease Control and Prevention



China CDC Weekly

A PM, 5 PM,, O,
0 —_———————— 0 R 0 —
1 —_— 1 —_— 1 —
2: —_— 2 * 2 ———
01 —_————— 01 * 01 —_—
02: » 02 & 02 ——
% 1.00 1.01 1.00 1.00
"éo SO, NO, Cco
=0 . 0 —_—| 0| ————
1 . 1 —_—————— l{ ———
2: . 2{————— 2 .
01 o 01 —_—— 01 o
02: . 02 _—— 02 ®
1.00 1.01 1.02 0.99 1.00 1.01 1.00 150 2.00 2.50 2.00
Relative risk for chronic obstructive pulmonary disease hospitalization per 10 pg/m?® increase in air pollution
B PM, PM,, (ON
0 ———— 0 —_————— 0 -
1 —_—— 1 —_— 1 »
2{ ———o— 1 — 2{ —————— 2 o
01 —»——— | 01 = 01 =
02 = 02 o 02 o
= 098 099 1.00 1.01 1.02 0.99 1.00 1.01 1.00 1.01 1.02
i;; SO, NO, (€0)
=0 ————— 0 » 0 .
1 o 1 1{ —4——
2: . 2 . 2 -
01 < 01 = 01 <
02 o 02 02{ —-———
0.98 1.00 1.02 0.97 0.99 1.01 1.03 0.00 2.00 4.00 6.00

Relative risk for asthma hospitalization per 10 pg/m?® increase in air pollution

FIGURE 1. Relative risk for chronic obstructive pulmonary disease (A) and asthma (B) daily hospitalization per 10 ug/m?
increase in concentrations of air pollutants with different lag days in 16 hospitals, 2013—-2018.

account and include meteorological factors and data
for pollen.

The observed acute effects of particulate matters on
respiratory diseases could be explained by inducing an
imbalance of systemic inflammation, oxidative stress,
autophagy, and apoptosis, and by affecting epigenetic
modification. Studies showed that elevated level of
blood biomarkers of systemic inflammation (e.g., IL-6,
IL-8 and TNF-a), coagulation (e.g., fibrinogen),
soluble cluster of differentiation 40 ligands (sCD40L),
soluble intercellular adhesion molecule-1 (sSICAM-1),
and fibrinogen, as well as DNA methylation levels were
influenced by exposure to air pollutants (9-10).
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This study was subject to some limitations. First, the
acquisition of air pollution exposure data was from air
monitoring  stations, which might have some
measurement errors. At the same time, the data of the
monitoring station cannot fully represent the real
exposure of patients, and there will be some exposure
errors. Second, we did not obtain data on influenza,
seasons and pollen, socioeconomic status, and daily
activities, which may be some confounding factors
related to outpatient visits and hospitalization. Third,
we only analyzed the effects of one air pollutant on
disease, but not the effects of exposure to multiple air

pollutants. These deficiencies may make our results
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FIGURE 2. Relative risk for chronic obstructive pulmonary disease (A) and asthma (B) outpatient visits per 10 ug/m?
increase in concentrations of air pollutants with different lag days in 16 hospitals, 2013—-2018.

deviate to a certain extent, which needs further
exploration.

In conclusion, exposure to PM; 5, O3, SO,, NO,,
and CO has certain acute effects on outpatient and
hospital admission of patients with COPD and
asthma. Relevant susceptible people should try to
reduce going out under the condition of air pollution
to avoid aggravation of the disease. Meanwhile, these
findings should be combined with disease diagnosis
and treatment guidelines to guide clinical practice.
This study not only paid attention to PM, but also
emphasized that ozone cannot be ignored, which
provides a reference for future research on the impact
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of PM and ozone coordinated prevention and control
and on the effects of carbon neutralization on health.
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