®

OPEN ACCESS

» Additional material is
published online only. To view,
please visit the journal online
(http://dx.doi.org/10.1136/
oemed-2019-106301).

"Department of Neurology,
The Second Hospital of Tianjin
Medical University, Tianjin,
China

2Department of Geriatrics,

The Second Hospital of Tianjin
Medical University, Tianjin,
China

3CMA-NKU Cooperative
Laboratory for Atmospheric
Environment-Health Research
(CLAER/CMA-NKU), Tianjin
Environmental Meteorology
Center, Tianjin, China
*Division of Geriatric Medicine
and Gerontology, Johns Hopkins
University School of Medicine,
Baltimore, Maryland, USA

Correspondence to

Dr Xin Li, Department of
Neurology, The Second Hospital
of Tianjin Medical University,
Tianjin 300211, China;
lixinsci@126.com and Dr Sean
X Leng, Division of Geriatric
Medicine and Gerontology,
Johns Hopkins University
School of Medicine, Baltimore,
Maryland, USA;
sleng1@jhmi.edu

Received 4 November 2019
Revised 7 July 2020
Accepted 2 August 2020
Published Online First

27 August 2020

| '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published

by BMJ.

To cite: Qi X, Wang Z, Guo X,
et al. Occup Environ Med
2020;77:862-867.

ORIGINAL RESEARCH

Short-term effects of outdoor air pollution on acute
ischaemic stroke occurrence: a case-crossover study

in Tianjin, China

Xuemei Qi

,' Zhongyan Wang,? Xiaokun Guo, Xiaoshuang Xia," Juanjuan Xue,’

Guojing Jiang,” Yumeng Gu," Sugin Han, Qing Yao,’ Ziying Cai® Xiaojia Wang,’

Lin Wang,” Sean X Leng,” Xin Li

ABSTRACT

Objective Ambient air pollution is associated with
ischaemic stroke incidence. However, most of the
previous studies used stroke-related hospital admission
rather than stroke onset itself. This study aimed to
evaluate the relationship between ambient air pollutant
exposures and acute ischaemic stroke based on the
timing of symptom onset.

Methods A time-stratified, case-crossover analysis
was performed among 520 patients who had ischaemic
stroke admitted to the Second Hospital of Tianjin
Medical University (Tianjin, China) between 1 April
2018 and 31 March 2019 (365 days). Daily air pollutant
concentrations of particulate matter with aerodynamic
diameter 2.5 um, particulate matter with aerodynamic
diameter 10 ym (PM10), sulfur dioxide, nitrogen dioxide,
carbon monoxide and ozone were obtained from fixed-
site monitoring stations. We used conditional logistic
regression to estimate OR and 95% Cl corresponding to
an increase in IQR of each air pollutant after adjusting
for the effects of temperature and relative humidity.
Results Overall, a higher risk of ischaemic stroke was
found between April and September. During this period
PM10 was associated with an increased risk of ischaemic
stroke (1-day lag: OR=1.49, 95% Cl 1.09 to 2.02; 3-day
mean: OR=1.58, 95% Cl 1.09 to 2.29) among patients
between 34 and 70 years old. Positive associations were
also observed between PM10 (1-day lag: OR=1.51,
95% Cl 1.10 to 2.07; 3-day mean: OR=1.57, 95% Cl
1.08 t0 2.29), ozone (1-day lag: OR=1.83,95% CI 1.16
to 2.87; 3-day mean: OR=1.90, 95% CI 1.06 to 3.42)
and ischaemic stroke occurrence among those with
hyperlipidaemia.

Conclusion Our results suggest that air pollution is
associated with a higher risk of ischaemic stroke in
younger people or people with hyperlipidemia. These
findings still need to be further investigated.

INTRODUCTION

Stroke is a major cause of death and disability
worldwide, and stroke burden is particularly high
in low-income and middle-income countries.'
In China, stroke has been the leading cause of
death and disability in recent years.> A nationwide
population-based study showed that the highest
incidence of stroke was found in the northeast
region of China, including Tianjin, and ischaemic
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Key messages

What is already known about this subject?

» Increasing evidence suggests an association
between ambient air pollution and ischaemic
stroke.

» Most of the previous studies used stroke-related
hospital admission rather than stroke onset
itself.

What are the new findings?

» Higher air pollution-associated risk of ischaemic
stroke onset was found between April and
September.

» During this period, particulate matter with
aerodynamic diameter 10 ym (PM10) was
associated with an increased risk of ischaemic
stroke among patients between 34 and 70 years
old.

» PM10 and ozone were associated with an
increased risk of ischaemic stroke among those
with hyperlipidaemia.

How might this impact on policy or clinical

practice in the foreseeable future?

» Certain specific patient subgroups may be at
increased risk of air pollution-related ischaemic
stroke.

» Improving air quality may help prevent or
reduce stroke occurrence, and some simple
measures can be taken to reduce individual
stroke risk, such as avoiding walking or
exercising along traffic roads.

stroke constituted approximately 70% of all inci-
dent and prevalent strokes.” Common risk factors
of ischaemic stroke include hypertension, high
cholesterol level, smoking and alcohol consump-
tion.> * Early detection and effective treatment
of these modifiable risk factors constitute major
current public health measures for the prevention
and control of ischaemic stroke.

Many epidemiological and experimental studies
have found adverse effects of air pollution on
health.” While most early studies focused on respi-
ratory diseases such as asthma, more recent studies
showed that short-term or long-term air pollutant
exposures contributed to the onset and aggravation
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of cerebrovascular diseases, especially of ischaemic stroke.’™
For example, hospital admissions for ischaemic stroke were
associated with increased concentrations of ambient air pollut-
ants. Positive associations have been observed for both gaseous
air pollutants including sulfur dioxide (SO,), nitrogen dioxide
(NO,), carbon monoxide (CO), ozone (O,) and particulate air
pollutants, including particulate matter with aerodynamic diam-
eter 10um (PM10) and particulate matter with aerodynamic
diameter 2.5 pm (PM2.5), in many epidemiological evidence.”"?
Based on these and other studies, it is generally believed that
hospitalisation data on stroke could better evaluate the temporal
sequence between air pollutant exposures and clinical presen-
tation of stroke and increase statistical power.® "' However,
some studies have yielded inconsistent results on the association
between air pollution and ischaemic stroke occurrence, possibly
due to differences in population susceptibility, air pollution
levels or components, and meteorological characteristics.'® 1471
It should also be pointed out that these risk estimates of air
pollutants were based on hospitalisation time rather than the
time of ischaemic stroke onset, and studies showed that time
to hospital after symptom onset of patients were different in
different regions partially due to differences in the knowledge
of seeking immediate medical help.'” These may lead to misclas-
sification of time and influence the evaluation of adverse effects
of air pollutants.® '

In the present study, we recorded the onset time of ischaemic
stroke symptoms of each patient to examine the association
between short-term air pollutant exposures and onset of isch-
aemic stroke in a stroke unit in Tianjin, China, using a time-
stratified, case-crossover design.

MATERIALS AND METHODS

Clinical data

Data on 525 consecutive patients with a final diagnosis of acute
ischaemic stroke confirmed by MRI and/or CT were collected. All
patients were admitted to the stroke unit of the Second Hospital
of Tianjin Medical University (Tianjin, China) between 1 April
2018 and 31 March 2019. Data were reviewed and recorded
by two neurologists and analysed in retrospect. Five of the 525
patients were excluded from the study due to incomplete data,
and 520 patients were included in the final analysis. The time of
symptom onset was reported by the patients and/or caregivers.
For some patients considering thrombolysis, perfusion-weighted
imaging was also performed to compare with diffusion-weighted
imaging in order to determine ischaemic penumbra and reper-
fusion time windows. The average distance between where
the study participants resided and the hospital was 8 km. The
median time to hospital after symptom onset was 15.5 hours
(ranging from 30min to 14 days), with 57 (11.0%) patients
admitted within 3 hours after the onset of stroke, 240 (46.2%)
within 12hours and 267 (51.3%) within 24 hours. Nearly half
(253, 48.7%) the patients were admitted over 1day after stroke
onset. It would be beneficial to use the time of stroke onset but
not time of hospital admission in the study.

Demographic and clinical data included age, sex, medical
history (hypertension, diabetes mellitus, hyperlipidaemia, atrial
fibrillation, smoking status, alcohol consumption and medica-
tion use) and certain laboratory findings, which were obtained
by reviewing the medical records of the current stroke admission
if the patients were admitted to our hospital for the first time.
If the patients were readmitted, past medical records were also
reviewed dating back to 2004. No protected health information
was collected as data.

Air pollution and meteorological parameters

Air pollution data and meteorological data, including daily mean
levels of temperature and relative humidity, between 30 March
2018 and 31 March 2019 (367 days) were provided by the
Tianjin Environmental Meteorology Center of Tianjin Meteo-
rological Bureau. Air pollution measurements were the average
from the six fixed-site continuous monitoring stations located in
the north of the hospital, within 15 km. The air pollutants used
in this study included the daily mean levels of PM10, PM2.5,
NO,, CO and O,. The mean values of air pollutants were calcu-
lated over 24-hour periods, except for O, which was computed
only on 8-hour daytime periods. Daily weather data on tempera-
ture and relative humidity were used as adjustment factors in the
following multivariable conditional logistic regression models
to allow for potential confounding effects of meteorological

11
parameters.8

Study design

We used a time-stratified, case-crossover design to study the
associations between outdoor air pollution and acute ischaemic
stroke occurrence, which is one of the most commonly used
methods for studying the health-related effects of air pollution."”
The study design was an adaptation of a case—control study, in
which each case served as its own control. For each case of isch-
aemic stroke, outdoor air pollution exposure on the case day
(the day of stroke onset) was compared with their exposure on
referent days. The study referent periods were chosen using a
time-stratified design. Three or four referent days were selected
from the same day of the week in the same month and the same
year as the case day (7, 14, 21 and 28 days before or after the
case day). This study design allowed for controlling the effects
of time trends, seasonality and day of the week and for matching
the time-invariant characteristics of the patients.® %

Statistical methods

Spearman’s correlation tests were used to estimate the associa-
tions between air pollutants and meteorological variables. We
used conditional logistic regression to estimate the risk effect of
each air pollutant after adjusting for meteorological parameters
(air temperature and humidity), which was presented by OR and
the corresponding 95% CI. The ORs were expressed according
to an increase in the IQR of daily mean pollutant levels during
the study period. Further stratified analyses were performed to
explore whether the associations between air pollutants and
ischaemic stroke occurrence were different by season (April-
September, October—-March), age (34-70 years old, =70 years
old) and stroke risk factor (hyperlipidaemia) to identify indi-
viduals susceptible to the effects of air pollutant exposures.
Different time lags for air pollutants were also considered in our
analysis, including same-day, 1-day lag and 3-day average. The
3-day average was calculated by the pollutant levels on the same
day, 1day before and 2days before the ischaemic stroke onset
(or the referent days), which could be used to estimate the short-
term cumulative effects of air pollution. We also evaluated the
differences among risk estimates in the stratified analysis using
t-test.’ 2! P values with a two-tailed significance level less than
0.05 were considered statistically significant. All statistical anal-
yses were performed using SPSS V.20.0 statistics software.”

RESULTS

A total of 520 patients with acute ischaemia admitted from 1
April 2018 to 31 March 2019 were included in our study. The
demographic characteristics of the subjects are shown in table 1.
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Table 1  Demographic characteristics of study subjects

Characteristics Acute ischaemic stroke (N=520)

Age (mean=SD) 69.9+11.1
34-70 (%) 269 (51.7)
>70 (%) 251 (48.3)

Gender (%)

Male 331 (63.7)
Female 189 (36.3)
History of risk factors (%)
Hypertension 361 (69.4)
Diabetes mellitus 151 (29.0)
Hyperlipidaemia 278 (53.5)
Atrial fibrillation 56 (10.8)
Smoking 181 (34.8)
Alcohol consumption 134 (25.8)

Season* (%)

Warm (April-September) 281 (54.0)
Cold (October—March) 239 (46.0)

*Time-related variables were based on the time of stroke symptom onset.

The mean age of the subjects was 69.9+11.1 (SD) years old, of
whom 51.7% (269) were 34-70 years old. There were a total
of 331 (63.7%) male patients and 189 (36.3%) female patients.
As regards medical history, there were 361 (69.4%) with hyper-
tension, 151 (29.0%) with diabetes mellitus, 278 (53.5%) with
hyperlipidaemia, 56 (10.8%) with atrial fibrillation, 181 (34.8%)

with smoking history and 134 (25.8%) with alcohol consump-
tion history. Among all subjects, 281 (54.0%) ischaemic strokes
occurred from April to September and 239 (46.0%) occurred
from October to March in the following year during the study
period.

Statistical data on air pollutants (PM2.5, PM10, SO,, CO,
NO,, O,) and meteorological parameters (temperature, relative
humidity) during the study period are summarised in online
supplemental appendix table 1. The daily concentrations of air
pollutants in Tianjin were much higher than that reported in
developed countries.!! '* Seasonal Pearson correlations between
the daily levels of air pollution and meteorological variables are
presented in online supplemental appendix table 2. The daily
concentrations of PM2.5, PM10, SO,, CO and NO, were posi-
tively associated with each other, and the correlation between
PM10 and CO did not reach statistical significance during the
warm season. Temperature and humidity were positively associ-
ated with each other. O,, temperature and humidity were posi-
tively or negatively associated with other air pollutants (PM2.5,
PM10, SO,, CO and NO,).

Age differences in the association between air pollution and
ischaemic stroke occurrence are shown in table 2. The adjusted
OR corresponding to an interquartile increase of 1-day lag
PM10 was 1.49 (95% CI 1.09 to 2.02) among patients between
34 and 70 years old from April to September, and a posi-
tive association of 3-day average exposure to PM10 was also
observed (OR=1.58, 95%CI 1.09 to 2.29). In contrast, there
were no significant associations between air pollutant exposures

Table 2 Adjusted OR for stroke unit admissions for acute ischaemic stroke according to an increase in IQR of each air pollutant by age and season,

in Tianjin, from 1 April 2018 to 31 March 2019

<70years old (n=269) =70years old (n=251) <70years old (April-September) (n=150)

<70years old (October-March) (n=119)

Pollutants IQR  OR(95%Cl) OR (95%Cl) OR (95%CI) OR (95%Cl)
PM2.5
Same-day  37.0 1.00(0.99 to 1.00) 0.99 (0.99 to 1.00) 1.30(0.94 t0 1.79) 1.00 (0.99 to 1.01)
1-day lag 1.00 (0.99 to 1.01) 0.99 (0.98 to 1.00) 1.38(0.99 to 1.98) 1.00 (0.99 to 1.00)
3-day 1.00 (0.99 to 1.01) 1.00 (0.99 to 1.00) 1.00 (0.95 to 1.05) 1.00 (0.99 to 1.0)
PM10
Same-day  55.5 0.96 (0.80 to 1.15) 0.85(0.71 t0 1.02) 1.25(0.92 to 1.70) 0.88 (0.66 to 1.19)
1-day lag 1.00 (0.99 to 1.01) 0.99 (0.98 to 1.00) 1.49 (1.09 to 2.02)* 1.00 (0.99 to 1.00)
3-day 0.98 (0.80 to 1.20) 0.85(0.70 to 1.03) 1.58 (1.09 to 2.29)* 0.88 (0.65 to 1.20)
SO,
Same-day 9.0 0.99(0.96 to 1.03) 0.97 (0.93 t0 1.01) 1.13(0.82 t0 1.56) 0.99 (0.96 to 1.04)
1-day lag 0.99 (0.96 to 1.03) 0.98 (0.95 to 1.01) 1.07 (0.78 to 1.47) 1.00 (0.95 to 1.05)
3-day 1.00 (0.95 to 1.04) 0.96 (0.92 to 1.00) 1.15(0.77 to 1.71) 1.01 (0.95 to0 1.07)
co
Same-day 0.4 1.10(0.70t0 1.73) 0.94 (0.60 to 1.48) 1.10(0.82 to 1.48) 1.02 (0.64 t0 1.63)
1-day lag 1.01 (0.62 to 1.64) 0.95 (0.59 to 1.53) 1.07 (0.79 to 1.44) 1.36 (0.80 to 2.31)
3-day 1.03 (0.56 to 1.88) 0.86 (0.53 to 1.39) 1.14(0.83 t0 1.57) 1.24(0.61 to 2.50)
NO,
Same-day  29.0 1.00(0.99 to 1.01) 0.99 (0.97 to 1.01) 1.17 (0.79 t0 1.75) 1.00 (0.99 to0 1.02)
1-day lag 0.99 (0.98 to 1.01) 0.99 (0.98 to 1.00) 1.02 (0.72 to 1.44) 0.99 (0.98 to 1.01)
3-day 1.00 (0.99 to 1.02) 0.99 (0.97 to 1.00) 1.10(0.70 t0 1.72) 1.00 (0.98 to 1.02)
03
Same-day 99.5 0.83(0.61t01.11) 0.87 (0.64 t0 1.18) 1.15(0.78 t0 1.71) 0.75(0.47 to 1.19)
1-day lag 0.97 (0.74 to 1.27) 0.92 (0.66 to 1.27) 1.49 (0.98 to 1.90) 0.72 (0.45 to 1.16)
3-day 1.04 (0.69 to 1.55) 0.84(0.57 to 1.24) 1.11(0.72t0 1.72) 0.88(0.45 to 1.74)
All ORs were adjusted for same-day, 1-day lag and 3-day temperature and relative humidity, respectively.
*P<0.05.
+

C0, carbon monoxide; NO,, nitrogen dioxide; O

ozone; PM, particulate matter; SO,, sulfur dioxide.
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Table 3  Adjusted OR for stroke unit admissions for acute ischaemic stroke according to an increase in IQR of each air pollutant by hyperlipidaemia

and season, in Tianjin from 1 April 2018 to 31 March 2019

Hyperlipidaemia (April- Hyperlipidaemia (October—
Hyperlipidaemia (n=289) No hyperlipidaemia (n=231)  September) (n=157) March) (n=132)

Pollutants IQR OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
PM2.5

Same-day 37.0 1.00 (0.99 to 1.00) 1.00 (0.99 to 1.00) 1.04 (0.77 to 1.39) 0.99 (0.99 to 1.00)

1-day lag 1.00 (0.99 to 1.00) 0.99 (0.98 to 1.00) 1.18 (0.85 to 1.65) 1.00 (0.99 to 1.00)

3-day 1.00 (0.99 to 1.00) 0.99 (0.98 to 1.00) 1.02 (0.95 to 1.08) 1.00 (0.99 to 1.00)
PM10

Same-day 55.5 0.85(0.71 to 1.00) 0.98 (0.81t0 1.19) 1.04 (0.79 to 1.36) 0.84 (0.65 to 1.10)

1-day lag 1.00 (0.99 to 1.00) 0.99 (0.99 to 1.00) 1.51 (1.10 t0 2.07)* 0.99 (0.99 to 1.00)

3-day 0.91 (0.76 to 1.08) 0.86 (0.70 to 1.06) 1.57 (1.08 t0 2.29)* 0.82 (0.63 to 1.06)
SO,

Same-day 9.0 0.99 (0.96 to 1.02) 0.99 (0.95 to 1.03) 1.21(0.88 to 1.68) 0.99 (0.95 to0 1.03)

1-day lag 0.98 (0.95 to 1.01) 0.98 (0.95 to 1.03) 1.20 (0.87 to 1.65) 0.98 (0.95 to 1.02)

3-day 0.99 (0.94 to 1.03) 0.97 (0.92 t0 1.02) 1.31(0.89 to 1.94) 0.98 (0.93 to 1.04)
Co

Same-day 0.4 1.13(0.75t0 1.71) 0.88 (0.51 t0 1.53) 1.09 (0.83 to 1.43) 0.89 (0.50 to 1.61)

1-day lag 1.00 (0.64 to 1.56) 0.78 (0.45 to 1.37) 1.12 (0.85 to 1.48) 0.79 (0.45 to 1.40)

3-day 0.95 (0.59 to 1.54) 0.84 (0.59 to 1.54) 1.13(0.81 to 1.58) 0.91 (0.55 to 1.48)
NO,

Same-day 29.0 0.99 (0.98 to 1.01) 0.99 (0.98 to 1.01) 1.07 (0.75 to 1.54) 1.00 (0.99 to 1.01)

1-day lag 0.99 (0.98 to 1.00) 0.99 (0.98 to 1.01) 0.92 (0.70 to 1.20) 0.99 (0.98 t0 1.01)

3-day 0.99 (0.98 to 1.00) 0.99 (0.97 to 1.01) 1.16 (0.78 t0 1.71) 0.92 (0.71 t0 1.19)
03

Same-day 99.5 0.80 (0.61 to 1.04) 0.94 (0.68 to 1.30) 1.12 (0.76 to 1.65) 0.94 (0.62 to 1.44)

1-day lag 1.02 (0.77 to 1.36) 0.91 (0.67 to 1.24) 1.83 (1.16 t0 2.87)* 0.92 (0.59 to 1.42)

3-day 0.99 (0.69 to 1.42) 0.94 (0.63 to 1.40) 1.90 (1.06 to 3.42)* 0.91 (0.59 to 1.41)

All ORs were adjusted for same-day, 1-day lag and 3-day temperature and relative humidity, respectively.

*P<0.05.

C0, carbon monoxide; NO,, nitrogen dioxide; O,,

and acute ischaemic stroke onset among patients =70 years of
age (data not shown). The test for heterogeneity of OR in age-
stratified analysis showed that the risk estimates were higher
among patients aged 34-70 years old.

In the risk factor-stratified analysis, we observed a significant
association between ischaemic stroke occurrence and PM10
levels (1-day lag: OR=1.51, 95% CI 1.10 to 2.07; 3-day mean:
OR=1.57, 95%CI 1.08 to 2.29) among patients with hyperlip-
idaemia from April to September. A significant association was
also observed between ischaemic stroke onset and O, levels (1-day
lag: OR=1.83, 95%CI 1.16 to 2.87; 3-day mean: OR=1.90,
95%CI 1.06 to 3.42) among those with hyperlipidaemia in the
same period. In contrast, there were no significant associations
between air pollutant exposures and ischaemic stroke occurrence
among those without hyperlipidaemia (table 3), whereas the test
for heterogeneity of these adjusted ORs among patients with and
without hyperlipidaemia showed no difference. Other air pollut-
ants (PM2.5, SO,, CO, NO,) were not significantly associated
with the occurrence of acute ischaemic stroke in subjects.

DISCUSSION

Our study summarised the associations between air pollutant
exposures and acute ischaemic stroke onset in a stroke unit in
Tianjin, China, between 1 April 2018 and 31 March 2019. The
main findings were the significant association between PM10
exposure and ischaemic stroke occurrence among patients
between 34 and 70 years old and the significant association
between PM10, O, exposure and ischaemic stroke occurrence

ozone; PM, particulate matter; SO,, sulfur dioxide.

among patients with hyperlipidaemia during the warm season
(from April to September). The test for heterogeneity by age and
hyperlipidaemia showed that risk estimates were higher among
younger patients. In our study the risk estimates were based on
the timing of symptom onset rather than on the date of hospital
admission, which avoided some misclassification of time,'® and
all risk estimates presented here were adjusted for meteoro-
logical variables (temperature and relative humidity). Besides,
the case-crossover design was effective in controlling for many
confounding factors and it was also a suitable method to control
for season and day of the week.?’

Many studies have reported the associations between air
pollution and ischaemic stroke.'® '® * However, other authors
did not find these relationships.?* # Our main findings were
consistent with several other studies that reported the associa-
tion between PM10 and O, exposure levels and ischaemic stroke
occurrence.®® 12 We observed the association between acute isch-
aemic stroke onset and PM10 levels among patients between 34
and 70 years old from April to September. It is possible that
air pollution exposure might vary by age and season. Older
people usually spent more time indoors, whereas young-elderly
residents spent more time outside during the warm season.* %/
Therefore the fixed-site monitoring data could better reflect
exposures to outdoor air pollutants on warm days among the
younger patients. In contrast, the risk estimates for the cold
season may be underestimated. Weather factors could also
modify the effects of air pollution. Some studies found that isch-
aemic stroke hospitalisations were associated with air pollutants
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only on warm days." *® High temperatures were demonstrated
to cause vascular endothelial dysfunction and increased platelet,
cholesterol and haemoconcentration, thereby contributing to
the occurrence of ischaemic stroke.”” During the study period,
there were higher levels of O, during the warm season in Tianjin,
and further stratified analysis showed that both O, and PM10
exposures were positively associated with ischaemic stroke onset
among patients with hyperlipidaemia on warm days. The results
suggested that people with hyperlipidaemia might be more
susceptible to the harmful effects of O, exposure than those with
normal plasma lipid.

Several plausible biological pathways may be involved in the
adverse health effects of air pollutants. Both gaseous air pollut-
ants and particulate matter (PM) had adverse effects on health;
however, many evidence showed that the most serious effects
were related to PM, including PM10.*® These particles contain
various toxic substances, and in metropolitan areas most PMs are
anthropogenic, mainly originating from burning of fossil fuels.®!
PM10 exposure could promote platelet activation, thereby
contributing to thrombosis and coagulation.® Findings in animal
models also provided experimental evidence that PM10 expo-
sure was related to inflammatory response by inducing the release
of plasma proinflammatory cytokines, which may be associated
with endothelial dysfunction and severity of brain ischaemia
injury.*> However, more studies related to the effects of PM on
humans and animals are needed to reveal the underlying mech-
anisms due to the complex composition of these particles. O, is
one of the most harmful gaseous air pollutants and is a powerful
oxidising agent. O, inhalation can promote increased oxidative
stress and mitochondrial DNA damage, which could also lead to
systemic inflammatory responses.®> The systemic inflammatory
responses caused by PM10 and O, exposure are also related to
acceleration of atherosclerosis, playing a role in the development
and progression of ischaemic stroke.** ** People with hyperlipi-
daemia may have higher risk of atherosclerosis and may be more
vulnerable to PM10 and O, exposure.

The high pathogenic complexity of ischaemic stroke should
be considered when interpreting our present results since it
could lead to underestimation of the environmental effects. A
Korean study suggested that short-term exposure to PM10 and
SO, was especially associated with cardioembolic stroke rather
than large artery atherosclerosis and other non-cardioembolic
strokes.>® However, other studies showed that PM10, PM2.5
and O, exposure was associated with large artery atherosclerotic
strokes, small vessel occlusions and lacunar strokes rather than
cardioembolic strokes.'> ¥ 373 So air pollutants could variably
affect different pathophysiological pathways, and the effect of
air pollution on ischaemic stroke may differ among different
ischaemic stroke subtypes, therefore leading to different
outcomes. Moreover, geographical factors, air quantity moni-
toring stations, study design, adjusted confounding factors and
some other factors varied in different works.

The strengths of this study included the validated stroke onset
time, comprehensive medical data and the time-stratified cross-
over design. However, there were still some limitations. First, the
study population was from a single institute only, which could
limit the generalisability of the results. A larger multicentre study
including more patients would better reflect the effects of air
pollution on ischaemic stroke occurrence. Second, we did not
analyse the effects of air pollution by ischaemic stroke subtype
due to the small sample size. More efforts are needed since air
pollutants may affect related pathophysiological pathways in
various degrees. Third, average air pollution information was
collected from fixed-site monitoring stations, and there would

be exposure misclassification if air pollution at fixed sites is
measured as individual exposure. So there may be some biases
in our risk estimates, and the absence of associations with some
pollutants in the study might have resulted from methodological
disadvantages. Individual-level exposure measurements were
considered to be superior when evaluating the health effects of
outdoor air pollution. In the present study, most of the patients
resided in urban Tianjin, and the average air pollution level in
the urban area could reflect the average exposure level to some
extent.

In conclusion, our study indicated that short-term outdoor
air pollutant exposure was associated with ischaemic stroke
occurrence in Tianjin. These associations were more evident
during warm days. Associations between stroke occurrence and
PM10 and O, pollution exposure among subjects between 34
and 70 years old or subjects with hyperlipidaemia from April
to September suggested that specific patient subgroups may
be at increased risk of air pollution-related ischaemic stroke.
Improving air quality may help prevent or reduce stroke occur-
rence, and some simple measures can be taken to reduce indi-
vidual stroke risk, such as avoiding walking or exercising along
traffic roads. Inflammatory responses may be involved in this
process through plaque instability; however, the specific patho-
physiological mechanism is still unclear. Further studies are
needed to confirm our findings.
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