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Introduction: While many studies have investigated the adverse effects of
particulate matter (PM), few of them distinguished the different effects of
PM5 5, PM1q, and coarse PM (PMc) on outpatients with fever. Our study aimed
to estimate and compare the acute cumulative effects of exposure to three
size-specific particles on the number of visits to outpatient fever clinics.

Methods: To examine the association between daily PM concentrations and
outpatients in fever clinics, a generalized additive Poisson model was applied,
stratified by sex, age, and season.

Results: Our study included 56,144 outpatient visits in Zhuhai, from January
2020 to June 2021. On the current day, each 10 mg/m?3 increment of PMjq
and PMc were estimated to increase fever clinic visits by 1.74% (95% ClI: 0.59%,
2.91%) and 4.42 % (2.30%, 6.58%), respectively. Cumulative effects enhanced
from lag01 to lag05 for PM1g and PMc, and PMc had the strongest impact [ER
= 8.92% (5.91%, 12.01%) at lag05]. Female outpatients and outpatients aged
14 years and above had an increased PM-related risk. During the cold season,
significant effects could be observed for the three-size PM, while only PMc
showed the impact during the warm season.

Discussion: Overall, the three size-specific PM exerted different effects on
the fever clinic visits. Strategies to control the concentrations of PM are still
necessary, especially against PM1g and PMc.

PM5 5, PM4q, coarse particulate matter, fever clinic, outpatient visits

1. Introduction

Particulate matter (PM) is a mixture of particles suspended in air varying in size and
composition. According to the World Health Organization, PM was divided into PM1q
(inhalable particulate matter with an aerodynamic diameter of <10 pum) and PM; 5 (fine
particulate matter with an aerodynamic diameter of <2.5um) (1). Particles with an
aerodynamic diameter between 2.5 and 10jum are defined as coarse particulate matter
(PMc). Exposure to PM has been related to various adverse health effects (2-5).
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Particulate matter was identified to be associated with
increased mortality of respiratory diseases in previous studies.
A study that included 652 cities in 24 countries across
the globe showed that PMj,s5 and PMjq increased daily
respiratory mortality significantly (6). There were studies
focused on the morbidity of respiratory diseases related
to PM. A meta-analysis conducted in 2020 revealed that
PM increased pneumonia-specific hospital admissions and
emergency room visits, respectively (7). We found less research
exploring the relationship between PMc and respiratory hospital
admissions, and findings remained inconsistent. For example, a
study conducted in California observed significant associations
between respiratory emergency department visits and coarse
particle levels, while PMc found no effects on pneumonia and
acute respiratory infection (8). Another study from Toronto
suggested the impact of PMc on respiratory infections in
children (9). During the COVID-19 pandemic, exposure to
PM was proven to be positively correlated with the spread of
COVID-19 in recent studies (10).

In China, fever clinics serve as the first line of defense against
infectious diseases, playing an important role in screening
outpatients with fevers in public hospitals, especially during
the COVID-19 pandemic. Before the establishment of fever
clinics, outpatients with fever usually visited the emergency
departments. In Zhuhai People’s Hospital, outpatients with a
body temperature of 37.3°C or higher were required to visit
the fever clinic first (11). Clinically, the main cause of fever
is infection, which was mostly accompanied by respiratory
symptoms in our fever clinics.

Chinese researchers have been exploring the impacts of
particulate matter on respiratory morbidity. Studies from several
Chinese cities indicated that respiratory outpatients increased
by PM concentration (5, 12). Some studies also identified the
potential impacts on hospital visits by vulnerable populations
such as children (13). However, as the establishment of fever
clinics in China is unique worldwide, very little is known about
the association between size-specific PM and fever clinic visits
in China. Studies aiming to compare the effects of size-specific
PM on outpatients with fever are still limited. This study aimed
to identify and differentiate the acute and cumulative effects of
exposure to PMj 5, PM 0, and PMc on the number of outpatient
visits to fever clinics. This could provide a scientific basis for air
pollution control and fever clinic management.

2. Materials and methods
2.1. Study settings

This study was conducted in Zhuhai, a core city on
the west coast of the Pearl River Delta in China. It is an
important part of the Guangdong-Hong Kong-Macao Greater
Bay Area. Zhuhai lies between 21.48°N—22.27°N latitude and
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113.03°E—114.19°E longitude, with subtropical and transitional
tropical marine climate. In the city, the climate is warm and
humid throughout the year, while winters are relatively sunny
and dry. Zhuhai was rated as the top 10 cities in China with
the cleanest environment (14). It has 2.5 million people in
1736.45 square kilometers (km?) in 2021 (15). This study was
approved by the Ethics Committee in Zhuhai People’s Hospital
[No: LW-(2022) No. 9].

2.2. Data on fever clinic visits

Outpatient records were extracted from the information
system of Zhuhai People’s Hospital in Zhuhai from 18 January
2020 to 28 June 2021. Located in the City Center of Zhuhai,
the hospital accepts most outpatients downtown. The number
of daily outpatient fever clinic visits was calculated as a sum of
the entire day. Recorded information includes age, sex, date of
hospital visits, and clinical diagnosis.

2.3. Air quality and meteorological data

The hourly concentration of air pollution was collected
from the air quality sharing platform administered by China’s
Ministry of Environmental Protection. We calculated daily data
from the hourly data concerning concentrations of PM g, PM3 5,
ozone (O3), nitrogen dioxide (NO;y), sulfur dioxide (SO,),
and 8-hour maximum levels of O3. Since the data on PMc
concentrations were not available, we obtained the data by
subtracting PM19 and PM; 5. In addition, we collected daily
meteorological data including daily mean temperature (°C) and
relative humidity (%) from the National Weather Data Sharing
System of China.

2.4. Statistical analysis

We applied a time-series analysis to investigate the effects of
PMi9, PM3 5, and PMg, respectively. Given that daily outpatient
visits followed a Quasi-Poisson distribution according to
previous research, an over-dispersed generalized additive model
(GAM) was applied (16, 17). The model adjusted mean
temperature, relative humidity, calendar time, day of the week
(DOW), and public holiday (PH). Previous studies and the
Akaike information criterion (AIC) were both considered in
deciding the degrees of freedom. The model is determined

7

year

+ns (temp, df = 4) + ns (relative humidity, df = 4)
~+factor (DOW) + factor (PH) + «

as follows:

log (E (Yt)) = B*Zt + ns (time, df =
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Where, E(Y?) refers to the expected outpatient visits for fever
clinic on day t, Zt refers to mean PM concentration on day t, time
refers to calendar time, which was used to control unmeasured
long-term trend, and temp refers to the average temperature on
the current day, relative humidity refers to relative humidity on
the current day, DOW, PH are dummy variables, f refers to the
coeflicient for Zt, ns refers to a natural cubic smooth function, df
refers to the degree of freedom, and o refers to the intercept. The
relative risk is calculated by taking the logarithm of f.

In the main model, we considered the effects of single
lags days (lag0-lag5) and cumulative effects (lag01-1ag05). The
effects were measured by excess risk (ER) with a corresponding
95% confidence interval (95% CI). ER was calculated as follows,
indicating the percentage change in the number of outpatients
in fever clinics with each per unit increase in PM5 5, PMjo,
and PMc.

Excess Risk = (Relative Risk — 1) x 100%

We plotted an exposure-response curve to show the association
between PM and outpatients in fever clinics. Due to the potential
effect of modifications, stratified analysis was conducted by age,
sex, and season. Consistent with the existing literature, the warm
season was defined as April to September, and the cold season
was defined as October to March (18). The 95% CI was used to
test the significant differences between subgroups. To examine
the robustness of our results, sensitivity analysis was conducted
by performing two-pollutant models and adding air pollutants
including SOz, NO3, and O3 in the model, respectively.

The analysis was conducted by using R software (version
“tsModel.” Statistical
considered when a two-sided p-value

4.1.1) with packages “mgcv” and
significance was

was <0.05.

3. Results

From 18 January 2020 to 28 June 2021, a total of 56,144 fever
clinic visits were recorded in our hospital (Table 1). Patients
older than 14 years accounted for 45.2% of the outpatients and
54.7 % of outpatients in the fever clinic were male patients.
The study was conducted on more warm days (71.7%) than on
cold days. The daily mean (SD) concentrations of PMjq, PMj 5,
PMc, SO3, NO3, and O3 were 35.7 (23.5) ug/m3, 19.3 (12.6)
ng/m3,16.4 (12.1) ug/m3, 53.1 (40.6) jLg/m?>, 23.2 (15.0) pg/m>,
and 85.1 (38.3) ug/m3 , respectively, in Zhuhai, China. The
daily mean temperature was 23.6°C, and the relative humidity
was 78.2% (Table 2). The new air quality guidelines by the
World Health Organization set standards for the daily mean of
PM, 5, PMc, and PM;g as 15 ug/m3, 30 Mg/m3, and 45 ug/m3,
respectively (1). The average concentrations of PMjg and PMc
in Zhuhai reached the standard, while that of PM; 5 did not.

The correlations among the key pollutants are shown in
Supplementary Table S1. Criteria of correlation coefficients were
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TABLE 1 Demographic characteristics of outpatients in fever clinics in
Zhuhai, 2020-2021.

Overall (N = 56144)

n (%)

Age

<14 30702 54.68%
>14 25442 45.32%
Sex

Female 25402 45.24%
Male 30742 54.76%
Season

Cold 24789 44.15%
Warm 31355 55.85%

set following a review of previous studies (low for |r] < 0.4;
moderate for 0.4< |r| <0.6; high for |r| > 0.6). High correlations
were observed between the three-size particles (r = 0.95 between
PM,; 5 and PMjg, r = 0.95 between PM; 5 and PMc, r = 0.81
between PMc and PMjg). NO;, was also highly correlated with
PM3 5, PM19, and PMg, respectively (r = 0.77, 0.78, and 0.71).
In Figure 1, the associations of PM1p, PM3 5, and PMc with
the number of fever clinic visits were displayed. The size-specific
PM showed acute effects at lag0, and different results of ER
could be observed. PM1( and PMc were significantly associated
with the number of fever clinic visits [ER = 1.74% (0.59%,
2.91%) for PMyg, ER = 4.42 % (2.30%, 6.58%) for PMc], while
PM, 5 showed no significant effect on the current day [ER =
1.34% (—0.68%, 3.40%)]. For PM; s, effects of single lag days
appeared since lagl and disappeared from lag3, while elevated
effects could be seen for PMjg and PMc from lagl to lag5. As
for the cumulative effects, ER increased from lag01 to lag05 for
PMjo and PMc, respectively, but to a different extent. PMj 5 was
insignificant atlag01, but the risk appeared and lasted from lag03
to lag05. PMc had the strongest effects [ER = 8.92% (5.91%,
12.01%) at lag05] compared with PM; 5 and PMjg.
the
between each 10 ug/m3 increase of PMs (lag03) and

Figure 2 shows exposure-response  curves
the number of fever clinic visits. For PMjg and PMc,
an approximately linear relationship could be observed
from 20pg/m> and above. Generally, outpatients in the
fever clinic increased with the ambient concentration.
Though the curve for PMj5 was non-linear, we could
still observe a linear relationship from 20 pg/m® to 40
jg/m?.

A stratified analysis was conducted, and the results are
shown in Table 3. We could find significant and increased
risks among female patients for the three-size PM. Among
male patients, however, the association between PMjs5 and

fever clinic visits was not observed and male patients only
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TABLE 2 Summary statistics of meteorological factors and daily air pollution in Zhuhai, 2020-2021.

Mean SD Median Pys P75 Minimum Maximum
Mean temperature 23.6 52 24.0 19.5 28.0 7.0 31.5
Relative humidity 78.2 11.8 80.0 74.0 85.9 27.9 98.0
(%)
PM, (jug/m?) 35.7 235 31.0 17.0 47.0 5.0 136.0
PM, 5 (jLg/m?) 193 126 17.0 9.0 26.0 3.0 70.0
PMc (jug/m?) 16.4 12.1 13.0 7.0 22.0 1.0 77.0
SO, (jug/m?) 53.1 40.6 39.2 24.8 70.3 4.6 272.0
NO, (Mg/m3) 232 15.0 20.0 12.0 31.0 4.0 95.0
O3 (llg/m3) 85.1 383 78.0 53.0 108.2 18.0 226.0
number of outpatients in fever clinics number of outpatients in fever clinics number of outpatients in fever clinics
lag0- |  te—— B R e o lag0- p——————
lag1- L — lag1 - f——-o—ou—— lag1- ————t
lag2- ———— lag2- —— lag2- p——p———
lag3- P——t. lag3- L e | lag3- ——
5 A g
o o o
% lagd- | #——G——t % lag4 - —— % lagd- | r——
3 lags- |——a—— 3 lags-  t—t—————t 3 lags- | s———
] = H
2 2 2
Blago1- —_— Slago1- Blago1- ——
g g g
5 3 S
lag02- ————— lag02- g lag02- —_——
lag03- —_—— lag03- < lag03- —_——
lag04- —_—— lag04- ® lag04 - —_—
lag05- & lag05- @ lag05- —_—
00 10 20 30 40 50 0.0 2.0 4.0 6.0 0.0 30 60 90 12.0
a.PMyo b.PMzs c.PMc
FIGURE 1
Excess risk of number of outpatient visits to fever clinics for each 10 jug/m? increase in PM1g, PM; 5, and PMc. The ER and corresponding 95% ClI
were derived from an over-dispersed generalized additive model, with calendar time, weather conditions, day of the week (DOW), and public
holiday (PH) controlled.

elevated the PMc-related risk. For different age groups,
we found the association between PMjs and outpatients
younger than 14 was not significant. Outpatients aged
14 and above suffered a higher risk of fever clinic visits.
During the cold season, significant effects could all be
observed for all the three-size PM, and the strongest
effect appeared at PMjs [ER = 6.69% (2.40%, 11.16%)].
Only the risk of PMc remained significant during the

warm season.
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To test the robustness of our results, two-pollutant models
are shown in Table 4. Overall, ER for PM remained significant
and even increased when adding SO, into the model, while
adding NO; and O3 led to decreased results. For PM1g, adding
PM; 5 changed ER (lag0) from 1.74% (0.59%, 2.91%) to 5.89%
(3.20%, 8.65%). When adding PMj( to the model of PM; s,
ER changed from 1.34% (—0.68%, 3.40%) to —7.36 (—11.47%,
—3.06%). For PMc, adding PM g and PM; 5 into the model both
increased ER significantly.
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FIGURE 2
Exposure-response curve for the association between PMjg, PM; 5, and PMc (lag03) and the number of outpatient visits to fever clinics. The line
represents the point estimates and the shading indicates corresponding 95% Cls, which were derived from an over-dispersed generalized
additive model, with weather conditions, day of the week (DOW), and public holiday (PH) controlled.

TABLE 3 Excess risk (%) and 95% CI of outpatient visits to fever clinics
associated with a 10 pg/m?3 increase in PMyg, PM; 5, and PMc (lag03)
concentrations, stratified by sex, age, and season.

Excess Risk (95% Cl)

PMo PM; 5
Sex
Male 3.09 (1.48,4.74)* | 2.18(—0.70,5.15) | 8.17(5.17,11.26) *
Female 3.81(2.14, 5.50)* 5.1 (2.10,8.19)* 7.46 (4.35,10.65)
Age
<l4years | 2.09(0.53,3.67)" | 0.46 (—2.26,3.26) 6.70 (3.78, 9.70)*
>l4years | 4.08(1.99,6.22)* 5.93 (2.13,9.87)* 7.48 (3.62, 11.49)*
Season
Cold 3.85(1.47,6.29)* | 6.69 (2.40, 11.16)* 4.48 (0.53, 8.58)*
Warm 1.27 (=141, 0.3 (=2.67,3.37) 6.14 (1.04, 11.49)*

4.03)

*Significant result.

4. Discussion

This is the first study in China that elaborated on the
associations between PM; 5, PM19, PMc, and fever clinic visits.
We investigated the acute and cumulative effects of exposure to
the three size-specific particles on the number of outpatients in
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fever clinics. There was a total of 56,144 fever clinic visits from
2020 to 2021 in our hospital. On the current day (lag0), we found
that the acute effects only appeared for PM 1 and PMc, and PMc
had a stronger impact. As for the cumulative effects, exposure
to PMj 5, PMjo, and PMc was all significantly associated with
increased fever clinic visits at lag03. Overall, PMc tended to have
the strongest adverse effects compared with PM; 5 and PMjg.
The subgroup analysis demonstrated that PMjo and PMc were
associated with the number of outpatient fever clinic visits for
both genders but with different effects. Among different age
groups, we found that outpatients older than 14 years suffered
significant and higher risks from exposure to PM. During the
cold season, we could see robust and stronger effects for all three
sizes of particles compared with the warm season.

Our findings for PM are in line with the existing knowledge
about the mechanisms of particles to induce pulmonary
inflammation and damage. Previous studies demonstrated that
PM entering the lungs initiates an inflammatory response and a
pro-inflammatory immune response (19, 20). These responses
follow an oxidative stress reaction that induces epithelial
cell damage and activation (21). The adverse effects underlie
pathologies including infections, which are the major causes of
fever (19).

Our study mainly focused on the differential effects of
the three size-specific PM. For the acute effects, we found no
association between PM; 5 and the number of outpatients in
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TABLE 4 Excess risk (%) and 95% CI of outpatient visits to fever clinics
associated with each 10 p.g/m3 increase in PM;o PM, 5, and PMc (lagO,
lag03) concentrations in single pollutant models and two-pollutant
models, respectively.

Excess risk (95%Cl)
ETe[0K)

(ETe[0)

PMjo 1.74 (0.59, 2.91)% 3.42 (1.99, 4.86)%
+NO, 1.72 (0.38, 3.08) 3.23 (1.75, 4.72)%

450, 1.85 (0.69, 3.02) 3.47 (2.04, 4.92)

+0; 1.15 (—0.25, 2.57) 3.06 (1.52, 4.62)x

+PM, 5 5.89 (3.20, 8.65)s 4.32 (2.60, 6.07)

+PMc —1.90 (—4.31, 0.57) 2.38 (0.63, 4.16)

PM, 5 1.34 (—0.68, 3.40) 3.49 (0.92, 6.13)%
+NO, 0.56 (—1.80, 2.97) 2.98 (0.35, 5.69)

+50, 1.48 (—0.55, 3.55) 3.63 (1.05, 6.28)

+0; —0.56 (—2.94, 1.87) 2.44 (—0.30, 5.24)

+PMyg —7.36 (—11.47, —3.06) 1.89 (—1.20, 5.08)

+PMc —1.90 (—4.31,0.57) 1.44 (=129, 4.25)

PMc 442 (2.30, 6.58) 7.90 (5.26, 10.61)s
+NO, 4.53(2.23,6.89)* 7.56 (4.86, 10.34)%

+50, 4.63 (2.50, 6.80) 7.87 (5.23, 10.58)%

+0; 3.89 (1.50, 6.33)s 7.33 (4.55, 10.18)%

+PM,o 7.94 (3.16, 12.95)% 8.29 (5.04, 11.64)%

+PM,5 5.89 (3.20, 8.65)% 8.53 (5.66, 11.48)s

*Significant result.

fever clinics on the current day. The result was consistent with a
meta-analysis of respiratory hospital admissions by the WHO
region, where COPD was excluded (22). However, there were
studies in China found significant effects on respiratory hospital
admissions for PMy 5 (23, 24). As for PMjg and PMc, the
acute effects were both observed in our study. A cases-crossover
study between two Chinese metropolitan populations found that
each 10 wg/m?® in PMjg increased risks for daily emergency
department visits by 1.7% (1.5%, 2.0%) (24), which was quite
close to our result [1.74% (0.59%, 2.91%)]. In the current study,
the risks for cumulative effects were higher than the acute effects
for PM, and the strongest effect appeared at lag04 or lag05 for
each size of PM. The findings varied in different studies since
the strongest cumulative effects appeared on different lag days
(17, 23). In another time-series study from China, researchers
demonstrated that a 10 g/m® increase in PMc was associated
with 6.37% (95% CI 1.84, 11.10) hospital visits for respiratory
diseases at lag06 (12). Compared with their findings, our study
identified higher risks of PMc [ER = 8.92% (5.91%, 12.01%) at
lag05]. The possible reason for the inconsistent evidence was
that chemical components and source categories of PM varied
in some regions. Some particles could be more toxic to humans,
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which may cause a stronger health impact. In the current study,
PMc had the greatest impact on outpatient visits in fever clinics
regardless of gender, age, and season. This result could be due
to particles larger than PM; 5 causing increased cytokine release
and a more severe inflammatory response (21). Another possible
explanation is that PMc is small enough to penetrate and deposit
in the respiratory tract than PMq (25). These may interpret why
PMc would have robust and stronger effects and why cumulative
exposure would show higher risks.

Previous studies have suggested that patients of younger ages
should be considered to be susceptible to PM-related respiratory
hospital admissions (13, 26, 27). A study conducted between
two Chinese metropolitan populations also found that children
younger than 14 years suffered higher PM-induced risks of
emergency department visits (24). However, in our study, we
demonstrated that outpatients aged 14 and above were more
at risk of fever clinic visits. In our fever clinics, we divide
outpatients into two groups based on their age (14 years) to
provide better treatments for both children and adults. Although
our result was inconsistent with some studies, it could still
provide practical guidance for our fever clinic management.

In terms of gender differences, we found the risk brought
by PMjop was higher for female outpatients, while PMc had
a stronger impact on male outpatients. It was worth noting
that PM; 5 only had a significant impact on male outpatients.
A study from Lanzhou, China suggested that male patients
were more sensitive to PM-related (PM( and PM3 5) risk than
female patients for respiratory disease emergency department
visits (28). An animal experiment also indicated that male
patients expressed the inflammatory markers differently, which
may link to acute pulmonary infection (29). However, a meta-
analysis on associations between short-term exposure to air
pollution and respiratory hospital admissions did not observe
significant gender differences (7). A possible explanation for
the inconsistent findings was that personal PM exposure levels
for male and female patients varied by occupation and lifestyle
in different regions. Further exploration is needed to identify
gender differences clearly in future studies.

In our study, we conducted a population-based time-series
study to differentiate the acute and cumulative effects of PM
on fever clinic outpatient visits. Despite the strengths of our
study, there are some limitations. First, like many studies that
explored the effects of air pollution on diseases, ecological
bias is inevitable. Second, the data on PMc concentrations
were obtained by subtracting PMj5 and PM;jo, which may
cause misclassification of the exposure of PMc. Third, only
one hospital in Zhuhai was included in this study, and the
representativeness of results may be affected. Finally, the two-
pollutant models were performed to assess the robustness
of our results. However, air pollutants were moderately or
highly correlated, which might add uncertainty to our main
results (30). Further studies to measure correlated air pollutants
are needed.
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5. Conclusion

Our study identified differential effects of PMj 5, PM1g, and
PMc on fever clinic visits in terms of the effect magnitude,
effect stability, and susceptible population. The acute effects only
appeared for PM 19 and PMc, while the cumulative effects could
be observed for PM» 5, PMg, and PMc. PMc tended to have
the strongest adverse effects compared with PM; 5 and PMjj.
Outpatients aged 14 and above suffered a higher risk of fever
clinic visits. Male patients only had elevated PMc-related risk,
and female patients had increased risk for all the three-size
specific PM. We could see robust and stronger adverse effects of
the three-size PM during the cold season. These findings added
to the existing knowledge of the adverse health effects of PM.
Strategies to control the concentrations of PM are still necessary,
especially against PMjo and PMc.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee in Zhuhai People’s Hospital.
Written informed consent for participation was not provided
by the participants’ legal guardians/next of kin because: Data
in our study was desensitized before we obtained. Therefore,
exemption of informed consent was proved.

Author contributions

DL designed the study and wrote the manuscript. RH and
PL revised the manuscript. HJ designed the study, collected the

References

1. WHO. WHO Global Air Quality Guidelines: Particulate Matter (PM2.5 and
PM10), Ozone, Nitrogen Dioxide, Sulfur Dioxide and Carbon Monoxide. Geneva:
World Health Organization (2021).

2. Maji KJ, Arora M, Dikshit AK. Burden of disease attributed to ambient
PM(,5) and PM exposure in 190 cities in China. Environ Sci Pollut Res Int. (2017)
24:11559-72. doi: 10.1007/s11356-017-8575-7

3. Orellano P, Reynoso J, Quaranta N, Bardach A, Ciapponi A. Short-term
exposure to particulate matter (PM and PM(,5)), nitrogen dioxide (NO), and
ozone (O) and all-cause and cause-specific mortality: systematic review and meta-
analysis. Environ Int. (2020) 142:105876. doi: 10.1016/j.envint.2020.105876

4. Adar SD, Filigrana PA, Clements N, Peel JL. Ambient coarse particulate matter
and human health: a systematic review and meta-analysis. Curr Environ Health
Rep. (2014) 1:258-74. doi: 10.1007/s40572-014-0022-z

Frontiersin Public Health

07

10.3389/fpubh.2022.972818

data, revised the manuscript, and provided comments on the
final draft of the manuscript. All authors contributed to the
article and approved the submitted version.

Funding

This work was supported by the Zhuhai People’s Hospital
(Grant No. 2016-13) and the Zhuhai Science, Industry and
Information Technology Bureau (Grant Nos. 20171009E030087
and 20181117A010020).

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those
of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.972818/full#supplementary-material

5 Lu E Xu D, Cheng Y, Dong S, Guo C, Jiang X, et al. Systematic
review and meta-analysis of the adverse health effects of ambient PM;s
and PM,, pollution in the Chinese population. Environ Res. (2015) 136:196-
204. doi: 10.1016/j.envres.2014.06.029

6. Liu C, Chen R, Sera E Vicedo-Cabrera AM, Guo Y, Tong S, et al. Ambient
particulate air pollution and daily mortality in 652 cities. N Engl ] Med. (2019)
381:705-15. doi: 10.1056/NEJMc1913285

7.Yee ], Cho YA, Yoo HJ, Yun H, Gwak HS. Short-term exposure to air pollution
and hospital admission for pneumonia: a systematic review and meta-analysis.
Environ Health. (2021) 20:6. doi: 10.1186/s12940-020-00687-7

8. Malig BJ, Green S, Basu R, Broadwin R. Coarse particles and respiratory
emergency department visits in California. Am ] Epidemiol. (2013) 178:58-
69. doi: 10.1093/aje/kws451

frontiersin.org


https://doi.org/10.3389/fpubh.2022.972818
https://www.frontiersin.org/articles/10.3389/fpubh.2022.972818/full#supplementary-material
https://doi.org/10.1007/s11356-017-8575-7
https://doi.org/10.1016/j.envint.2020.105876
https://doi.org/10.1007/s40572-014-0022-z
https://doi.org/10.1016/j.envres.2014.06.029
https://doi.org/10.1056/NEJMc1913285
https://doi.org/10.1186/s12940-020-00687-7
https://doi.org/10.1093/aje/kws451
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Li et al.

9. Lin M, Stieb DM, Chen Y. Coarse particulate matter and hospitalization
for respiratory infections in children younger than 15 years in Toronto: a
case-crossover analysis. Pediatrics. (2005) 116:€235-40. doi: 10.1542/peds.200
4-2012

10. Copat C, Cristaldi A, Fiore M, Grasso A, Zuccarello P, Signorelli SS, et al.
The role of air pollution (PM and NO) in COVID-19 spread and lethality: a
systematic review. Environ Res. (2020) 191:110129. doi: 10.1016/j.envres.2020.1
10129

11. Jiang H, Liu JW, Ren N, He R, Li MQ, Dong QC. Emergency
management in fever clinic during the outbreak of COVID-19: an experience
from Zhuhai. Epidemiol Infect. (2020) 148:e174. doi: 10.1017/S09502688200
01764

12. Zhang Z, Chai P, Wang J, Ye Z, Shen P, Lu H, et al. Association of
particulate matter air pollution and hospital visits for respiratory diseases: a
time-series study from China. Environ Sci Pollut Res Int. (2019) 26:12280-
7. doi: 10.1007/s11356-019-04397-7

13. Liang Z, Meng Q, Yang Q, Chen N, You C. Size-specific particulate matter
associated with acute lower respiratory infection outpatient visits in children:
a counterfactual analysis in Guangzhou, China. Front Public Health. (2021)
9:789542. doi: 10.3389/fpubh.2021.789542

14. The Overall Air Quality of Zhuhai Ranked Tenth in the Country for the
Whole Year. Zhuhai, China: Zhuhai Special Economic Zone News (2021). Available
online at: http://www.zhuhai.gov.cn/xw/xwzx/bmkx/content/post_3057437.html
(accessed August 16, 2022).

15. Zhuhai Had a Permanent Resident Population of 2,466,700 at the End of 2021
[Government Portal]. (2021). Available online at: http://tjj.zhuhai.gov.cn/tjsj/tjzl/
tjjpcgb/content/post_3395843.html (accessed August 16, 2022).

16. Mu J, Zeng D, Fan J, Liu M, Yu S, Ding W, et al. Associations
between air pollution exposure and daily pediatric outpatient visits for dry eye
disease: a time-series study in Shenzhen, China. Int ] Public Health. (2021)
66:1604235. doi: 10.3389/ijph.2021.1604235

17. Yang H, Yan C, Li M, Zhao L, Long Z, Fan Y, et al. Short term effects
of air pollutants on hospital admissions for respiratory diseases among children:
A multi-city time-series study in China. Int | Hyg Environ Health. (2021)
231:113638. doi: 10.1016/j.ijheh.2020.113638

18. Guo H, Zhang S, Zhang Z, Zhang ], Ruan Z. Short-term
exposure to nitrogen dioxide and outpatient visits for cause-specific
conjunctivitis: a time-series study in Jinan, China. Atmos Environ. (2021)
247:118211. doi: 10.1016/j.atmosenv.2021.118211

19. Glencross DA, Ho TR, Camifia N, Hawrylowicz CM, Pfeffer PE. Air pollution
and its effects on the immune system. Free Radic Biol Med. (2020) 151:56-
68. doi: 10.1016/j.freeradbiomed.2020.01.179

Frontiersin Public Health

08

10.3389/fpubh.2022.972818

oxidative
Health.

20. Araujo JA. Particulate air
inflammation, and atherosclerosis.
4:79-93. doi: 10.1007/s11869-010-0101-8

21. Becker S, Mundandhara S, Devlin RB, Madden M. Regulation of
cytokine production in human alveolar macrophages and airway epithelial
cells in response to ambient air pollution particles: further mechanistic
studies. Toxicol Appl Pharmacol. (2005) 207:269-75. doi: 10.1016/j.taap.2005.
01.023

22. Atkinson RW, Kang S, Anderson HR, Mills IC, Walton HA.
Epidemiological time series studies of PM,s and daily mortality and
hospital admissions: a systematic review and meta-analysis. Thorax. (2014)
69:660-5. doi: 10.1136/thoraxjnl-2013-204492

23. Feng W, Li H, Wang S, Van Halm-Lutterodt N, An J, Liu Y, et al. Short-
term PM and emergency department admissions for selective cardiovascular
and respiratory diseases in Beijing, China. Sci Total Environ. (2019) 657:213-
21. doi: 10.1016/j.scitotenv.2018.12.066

24. Zhang Y, Fang ], Mao E Ding Z, Xiang Q, Wang W. Age- and season-
specific effects of ambient particles (PM, PM(,5), and PM) on daily emergency
department visits among two Chinese metropolitan populations. Chemosphere.
(2020) 246:125723. doi: 10.1016/j.chemosphere.2019.125723

pollution,
Air  Qual

systemic
Atmos

stress,
(2010)

25. Huang SL, Hsu MK, Chan CC. Effects of submicrometer particle
compositions on cytokine production and lipid peroxidation of human bronchial
epithelial cells. Environ Health Perspect. (2003) 111:478-82. doi: 10.1289/ehp.5519

26. Ge E, Lai K, Xiao X, Luo M, Fang Z, Zeng Y, et al. Differential effects of
size-specific particulate matter on emergency department visits for respiratory
and cardiovascular diseases in Guangzhou, China. Environ Pollut. (2018) 243:336-
45. doi: 10.1016/j.envpol.2018.08.068

27. Li M, Tang J, Yang H, Zhao L, Liu Y, Xu H, et al. Short-term exposure
to ambient particulate matter and outpatient visits for respiratory diseases
among children: a time-series study in five Chinese cities. Chemosphere. (2021)
263:128214. doi: 10.1016/j.chemosphere.2020.128214

28. Cheng B, Ma Y, Wang H, Shen ], Zhang Y, Guo L, et al. Particulate
matter pollution and emergency room visits for respiratory diseases in a valley
Basin city of Northwest China. Environ Geochem Health. (2021) 43:3457-
68. doi: 10.1007/510653-021-00837-x

29. Yoshizaki K, Brito JM, Silva LE Lino-Dos-Santos-Franco A, Frias DP
RCR ES, et al. The effects of particulate matter on inflammation of respiratory
system: Differences between male and female. Sci Total Environ. (2017) 586:284—
95. doi: 10.1016/j.scitotenv.2017.01.221

30. Billionnet C, Sherrill D, Annesi-Maesano I. Estimating the health
effects of exposure to multi-pollutant mixture. Ann Epidemiol. (2012) 22:126-
41. doi: 10.1016/j.annepidem.2011.11.004

frontiersin.org


https://doi.org/10.3389/fpubh.2022.972818
https://doi.org/10.1542/peds.2004-2012
https://doi.org/10.1016/j.envres.2020.110129
https://doi.org/10.1017/S0950268820001764
https://doi.org/10.1007/s11356-019-04397-7
https://doi.org/10.3389/fpubh.2021.789542
http://www.zhuhai.gov.cn/xw/xwzx/bmkx/content/post_3057437.html
http://tjj.zhuhai.gov.cn/tjsj/tjzl/tjjpcgb/content/post_3395843.html
http://tjj.zhuhai.gov.cn/tjsj/tjzl/tjjpcgb/content/post_3395843.html
https://doi.org/10.3389/ijph.2021.1604235
https://doi.org/10.1016/j.ijheh.2020.113638
https://doi.org/10.1016/j.atmosenv.2021.118211
https://doi.org/10.1016/j.freeradbiomed.2020.01.179
https://doi.org/10.1007/s11869-010-0101-8
https://doi.org/10.1016/j.taap.2005.01.023
https://doi.org/10.1136/thoraxjnl-2013-204492
https://doi.org/10.1016/j.scitotenv.2018.12.066
https://doi.org/10.1016/j.chemosphere.2019.125723
https://doi.org/10.1289/ehp.5519
https://doi.org/10.1016/j.envpol.2018.08.068
https://doi.org/10.1016/j.chemosphere.2020.128214
https://doi.org/10.1007/s10653-021-00837-x
https://doi.org/10.1016/j.scitotenv.2017.01.221
https://doi.org/10.1016/j.annepidem.2011.11.004
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Differential effects of size-specific particulate matter on the number of visits to outpatient fever clinics: A time-series analysis in Zhuhai, China
	1. Introduction
	2. Materials and methods
	2.1. Study settings
	2.2. Data on fever clinic visits
	2.3. Air quality and meteorological data 
	2.4. Statistical analysis 

	3. Results
	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


