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Abstract
Background  Asthma is a common respiratory disease in children, and air pollution is a risk factor for pediatric 
asthma. However, how air pollution affects blood cells in pediatric patients with asthma remains unclear.

Methods  This retrospective observational study, performed in 2007–2018 at a medical center, enrolled non-trauma 
patients aged < 17 years who visited the emergency department and had asthma. Medical records and blood 
cell counts, including absolute neutrophil count (ANC), eosinophil count, and platelet count were extracted. The 
concentrations of PM2.5, PM10, sulfur dioxide (SO2), nitrogen dioxide (NO2), and ozone (O3) were measured from 11 air-
monitoring stations in Kaohsiung City.

Results  One-unit increases in PM2.5 (regression coefficient: 25.618; S.E.: 5.937; p < 0.001), PM10 (19.97; 3.541; p < 0.001), 
NO2 (70.681; 15.857; p < 0.001), SO2 (81.694; 30.339; p = 0.007), and O3 (23.42; 8.831; p = 0.022) on lag 0–6 (7 d average) 
correlated positively with ANC. One-unit increases in PM2.5 (0.859; 0.357; p = 0.016), PM10 (0.728; 0.213; p = 0.001), and 
SO2 (4.086; 1.811; p = 0.024) on lag 0–6 correlated positively with eosinophil count. Additionally, one-unit increases in 
PM2.5 (0.302; 0.101; p = 0.003) and PM10 (0.229; 0.06; p < 0.001) on lag 0–6 correlated positively with platelet count. In a 
two-pollutant model, the impacts of PM2.5 and PMC on ANC and platelet count remained statistically significant after 
adjusting for other air pollutants. Additionally, PMC correlated significantly with eosinophil count after adjusting for 
PM2.5, NO2, SO2, and O3. Quartile increases in PM2.5 and PMC levels correlated positively with ANC, eosinophil count, 
and platelet count (all p for trend < 0.05).

Conclusions  PM2.5, PMC, and NO2 were independently and positively associated with ANC, PMC was positively 
associated with eosinophil count, and PM2.5 and PMC were positively associated with platelet count in pediatric 
patients with asthma. Our results highlight the relationship between air pollution and blood cell counts in pediatric 
patients with asthma.
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Background
Numerous studies have indicated that short-term varia-
tions in air pollution can have adverse health effects such 
as cause respiratory and cardiovascular diseases and 
increase daily mortality [1–4]. Fine particulate matter, 
defined as particulate matter with an aerodynamic diam-
eter of less than 2.5 μm (PM2.5), is currently considered 
to pose a greater health risk than larger particles [5, 6]. 
These health effects may vary seasonally and regionally. 
Multiple city-level studies have shown that the health 
effects associated with PM differ regionally [7, 8]. One 
possible reason for this is that the composition of PM2.5 
and the concentrations of other air pollutants, such as 
nitrogen dioxide (NO2), sulfur dioxide (SO2), and ozone 
(O3), change regionally and seasonally. For example, the 
concentrations of certain heavy metals in PM2.5 from 
anthropogenic sources, such as cadmium, lead, antimony, 
and selenium, are higher in Ningbo, China, in winter [9]. 
In industrial areas, the concentrations of NO2 and SO2 
are high, while the concentration of O3 is related to pho-
tochemical reactions. The health risks associated with 
PM2.5 vary owing to differences in their composition and 
interactions with other air pollutants [10].

Respiratory diseases are common causes of mortality in 
children, resulting in 1.3 million deaths in children under 
five years of age between 2010 and 2011 [11]. The com-
ponents of air pollution, such as particulate matter (par-
ticulate matter with an aerodynamic diameter of < 10 μm, 
PM10), PM2.5, NO2, and O3, are associated with respira-
tory inflammation [12]. Epidemiological studies have 
also found that PM2.5 increases the risk of respiratory 
diseases, including pneumonia, asthma, and bronchitis, 
especially in children [13–15].

Recent studies on humans also found that short-term 
exposure to air pollution interfered with inflammatory 
responses in healthy volunteers, and this impact var-
ied according to individuals’ characteristics. Hassan-
vand et al. (2017) found that older volunteers (> 65 years 
old) showed significantly higher levels of high-sensitiv-
ity C-reactive protein (hs-CRP) after PM2.5 exposure, 
whereas no significant increase was observed in younger 
healthy volunteers [16]. Lee et al. (2018) also observed 
a significant increase in inflammation and coagulation-
related cytokines after PM2.5 exposure, particularly in 
individuals with a history of chronic obstructive pul-
monary disease (COPD) [17]. Additionally, the effects 
of different air pollutants on increases in inflammatory 
biomarkers vary; for example, carbon monoxide (CO) is 
associated with increases in leukocytes and neutrophils, 
whereas sulfur dioxide (SO2) is associated with a decrease 
in leukocytes and neutrophils [17]. Although research 
has found a correlation between air pollution exposure 
and inflammation markers as well as white blood cell 
(WBC) indices in blood, the impact on pediatric patients, 

especially those with asthma, remains unclear. Among 
blood cell tests, absolute neutrophil count (ANC) is an 
indicator of systemic inflammation, lymphocytes repre-
sent T-cell mediated immune responses, eosinophils are 
associated with allergic reactions and asthma attacks, and 
platelet count is an indicator of coagulation and throm-
bosis [18–20]. Therefore, this study aimed to evaluate the 
effects of short-term exposure to PM2.5, and other air pol-
lutants, on blood cell counts, especially ANC, lympho-
cyte, eosinophil, and platelet count, in pediatric patients 
with asthma.

Methods
Study population
This retrospective observational study was conducted 
between January 1, 2007, and December 31, 2018, at an 
urban tertiary medical center with an average of 73,000 
emergency department (ED) visits annually. Pediatric 
patients who visited the ED due to asthma exacerbations, 
had blood tests conducted, and resided in Kaohsiung 
were included in our study. The medical records of non-
trauma patients under 17 years of age who visited the 
ED with a primary diagnosis of asthma (ICD-9: 493 or 
ICD-10: J45-J46) were extracted from the ED administra-
tive database. Data on age, sex, and underlying co-mor-
bidities, including hypertension, diabetes, malignancy, 
heart disease, respiratory disease, liver disease, and neu-
rological disease, were collected from the patients’ medi-
cal records. Blood tests, including WBC count, ANC, 
eosinophil count, and platelet count, were also recorded. 
ANC was calculated by multiplying the total WBC by the 
percentage of neutrophils. This study was approved by 
the Institutional Review Board of Chang Gung Medical 
Foundation (IRB NO: 202101652B0) in accordance with 
the guidelines of the Declaration of Helsinki. Owing to 
the retrospective nature of this study, informed consent 
was not required.

Pollutant and meteorological data
Air pollutant data and information regarding meteoro-
logical conditions were obtained from 11 air quality mon-
itoring stations in Kaohsiung City established in 1994 by 
the Taiwanese Environmental Protection Administration. 
During the study period, the hourly concentrations of five 
“criteria” pollutants, namely PM10 and PM2.5 (measured 
using beta-ray absorption), NO2 and SO2 (measured 
using ultraviolet fluorescence), and O3 (measured using 
ultraviolet photometry), were measured. Coarse particu-
late matter (PMC, defined as particulate matter with an 
aerodynamic diameter of 2.5  μm to 10  μm) was calcu-
lated by concentration of PM10 minus the concentration 
of PM2.5. Weather conditions, including temperature and 
relative humidity, were also monitored. The daily average 
concentrations of air pollutants and weather conditions 
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were then calculated. Patients’ addresses were collected 
from their medical records, and the 24-h average levels of 
these pollutants were computed based on data from the 
nearest monitoring station.

Statistical analysis
Continuous variables were expressed as medians with 
interquartile ranges (25th and 75th percentiles) or 
mean ± standard error, depending on whether they fol-
lowed a normal distribution. Since age, gender, and 
weather conditions may influence the health effects 
caused by PM2.5, multiple linear regression analyses were 
conducted on complex samples to examine the relation-
ship between air pollutants and blood cell count, adjust-
ing for these confounding factors [21, 22]. The day of an 
asthma emergency visit was represented as lag0, the day 
before as lag1, and so on. Due to the prominent 0–6 day 
lag effect of PM2.5 on health, we collected air pollu-
tion data for lag 0–6 in this study [22]. We categorized 
air pollutants into quartiles (Q1 to Q4) based on con-
centration levels and performed ANOVA to conduct 
linear trend analysis to evaluate whether an increase in 

air pollutant levels is linearly associated with changes in 
blood cell indices and minimizes the influence of outliers 
or extreme values. Statistical significance (two tails) was 
set at p < 0.05. All analyses were conducted using Statis-
tical Product and Service Solutions (version 22.0; IBM, 
Armonk, NY, United States).

Results
Characteristics of included patients
During the 12-year study period in Kaohsiung, 5,907 
pediatric asthma cases were recorded. Of these, 1,058 
were excluded because they were either not residents 
of Kaohsiung City or had incomplete address informa-
tion. Additionally, 132 patients were excluded owing to 
missing blood test results. Consequently, 4,717 patients 
were included in this study. During the study period, 37 
cases revisited the emergency department (ED) with a 
similar diagnosis within 3 days, and each visit was treated 
as a separate case. Table  1 presents the patients’ demo-
graphic characteristics. Among them, 3,059 (64.9%) 
were male, and the mean age was 5.4 ± 3.3 years. A total 
of 3,183 (67.5%) patients were admitted to the hospital, 
106 (2.2%) were admitted to the intensive care unit, and 
2,080 (44.1%) visited the ED during the warm season 
(April–September).

Conditions of meteorology and air pollution
Table 2 presents the air pollutant and weather conditions 
of Kaohsiung during the study period. The mean levels of 
PM2.5, PM10, NO2, SO2, and O3 were 36.5 µg/m3, 68.3 µg/
m3, 18.0 parts per billion (ppb), 5.6 ppb, and 29.4 ppb, 
respectively. Pearson’s correlation coefficients between 
air pollutants and weather conditions in the study period 
was presented in supplementary Table 1.

Association between air pollutant exposure on blood cell 
counts
The regression coefficients (S.E.) for changes in ANC, 
eosinophil count, lymphocyte count, and platelet count 
in association with a one-unit increase in air pollutant 
levels are summarized in Table  3. A one-unit increase 
in PM2.5 (regression coefficient = 25.618; S.E. = 5.937; 
p < 0.001), PM10 (regression coefficient = 19.97; S.E. = 

Table 1  Demographic characteristics of patients
All Number = 4717 (100%)
Demographic characteristics of patients
Age (mean ± SD) (5.4 ± 3.3)
Sex
  Male 3059 (64.9)
  Female 1658 (35.1)
Hypertension 64 (1.4)
Neurologic disease 22 (0.5)
Liver disease 152 (3.2)
Malignancy 9 (0.2)
Season
  Warm 2080 (44.1)
  Cold 2637 (55.9)
Triage
  I&II 2949 (62.5)
  III to V 1768 (37.5)
Admission 3183
ICU 106
SD: standard deviation; warm season: April to September; cold season: October 
to March; ICU: intensive care unit; Triage I and II indicate a more urgent situation

Table 2  Summary statistics for meteorology, and air pollution in Kaohsiung, 2007–2018
Minimum Percentiles Maximum Mean Warm season (Mean ± SD) Cold season (Mean ± SD) p IQR

25% 50% 75%
PM2.5 (µg/m3) 1.00 19.00 34.00 50.00 162.00 36.45 24.11 ± 15.28 48.64 ± 19.09 < 0.001 31
PM10(µg/m3) 6.00 40.00 64.00 91.00 724.00 68.33 47.3 ± 23.13 89.19 ± 31.99 < 0.001 51
NO2 (ppb) 0.31 11.29 16.78 23.81 69.41 17.98 12.93 ± 6.09 23.01 ± 8.14 < 0.001 12.52
SO2(ppb) 0.10 3.20 4.80 7.00 52.60 5.63 5.04 ± 3.27 6.22 ± 3.81 < 0.001 3.8
O3(ppb) 2.10 19.30 28.00 37.70 90.70 29.35 27.77 ± 13.5 30.92 ± 12.13 < 0.001 18.4
Temperature(°C) 6.49 22.52 26.47 28.92 34.95 25.46 28.42 ± 2.04 22.49 ± 3.67 < 0.001 6.4
Humidity (%) 30.79 69.98 74.34 778.70 98.95 74.37 75.99 ± 7.19 72.74 ± 7.38 < 0.001 708.72
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3.541; p < 0.001), NO2 (regression coefficient = 70.681; 
S.E. = 15.857; p < 0.001), SO2 (regression coeffi-
cient = 81.694; S.E. = 30.339; p = 0.007), and O3 (regres-
sion coefficient = 23.42; S.E. = 8.831; p = 0.008) on lag 
0–6 correlated positively with ANC. Similarly, incre-
ment in PM2.5 (regression coefficient = 0.859; S.E. = 0.357; 
p = 0.016), PM10 (regression coefficient = 0.728; S.E. = 
0.213; p = 0.001), and SO2 (regression coefficient = 4.086; 
S.E. = 1.811; p = 0.024) on lag 0–6 correlated positively 
with eosinophil counts. Additionally, a one-unit increase 
in PM2.5 (regression coefficient = 0.302; S.E. = 0.101; 
p = 0.003) and PM10 (regression coefficient = 0.229; S.E. 
= 0.06; p < 0.001) on lag 0–6 correlated positively with 
platelet count.

A two-pollutant model was used to determine which 
individual contaminants influenced blood cell counts 
independently of other pollutant effects. In accordance 
with the results obtained from the single-pollutant mod-
els, multi-pollutant models were fitted using different 
pollutant combinations (with up to two pollutants per 
model) to assess the stability of the effects of air pollut-
ants. The results are summarized in Table 4. In the two-
pollutant model, the results of PM2.5 adjusted for PM10 
are not presented because the variance inflation factor 
value exceeded 5 in the collinearity diagnostics. Instead, 
PMC (particulate matter with an aerodynamic diameter 
of 2.5 μm to 10 μm) was used for adjustment in the two-
pollutant model to evaluate whether PM2.5 or PMC inde-
pendently affected the various blood cell counts. A µg/
m3 increase in PM2.5 was significantly related to the ANC 

after adjusting for PMC (regression coefficient = 17.42; 
S.E. =6.326), SO2 (regression coefficient = 24.02; S.E. 
=6.954, p = 0.001), and O3 (regression coefficient = 23.1; 
S.E. =6.62, p < 0.001). A µg/m3 increase in PMC was sig-
nificantly related to the ANC after adjusting for PM2.5 
(regression coefficient = 23.006; S.E. =6.126, p < 0.001), 
NO2 (regression coefficient = 21.392; S.E. =6.499, 
p = 0.001), SO2 (regression coefficient = 26.581; S.E. 
=5.941, p < 0.001), and O3(regression coefficient = 27.075; 
S.E. =5.952, p < 0.001). After adjusting for PM2.5 (regres-
sion coefficient = 48.852; S.E. =20.407, p = 0.017), PMC 
(regression coefficient = 44.408; S.E. =17.983, p = 0.014), 
SO2 (regression coefficient = 94.915; S.E. =20.833, 
p < 0.001), and O3 (regression coefficient = 69.062; S.E. 
=15.904, p < 0.001), NO2 was significantly related to the 
ANC. In addition, PMC was significantly associated with 
eosinophil count after adjusting for PM2.5 (regression 
coefficient = 0.949; S.E. =0.368, p = 0.01), NO2 (regression 
coefficient = 1.046; S.E. =0.391, p = 0.007), SO2 (regression 
coefficient = 0.939; S.E. =0.355, p = 0.008), and O3 (regres-
sion coefficient = 1.116; S.E. =0.357, p = 0.002). PM2.5 cor-
related positively with platelet count after adjusting for 
PMC, NO2, SO2, and O3. PMC also correlated positively 
with platelet count after adjusting for PM2.5, NO2, SO2, 
and O3. The association between NO2, SO2, O3, and 
platelet count was not statistically significant after adjust-
ing for PM2.5 or PMC.

Table 4  Two pollutants model: the associations of combined effects between common air pollutants (lag 0–6) and absolute 
neutrophil count

Absolute Neutrophil Count
Adjust PM2.5 Adjust PMc Adjust NO2 Adjust SO2 Adjust O3

PM2.5(β, SE) 17.42 (6.326)** 14.187 (7.616) 24.02 (6.954)** 23.1 (6.620)***
PMC(β, SE) 23.006 (6.126)*** 21.392 (6.499)** 26.581 (5.941)*** 27.075 (5.952)***
NO2(β, SE) 48.852 (20.407)* 44.408 (17.983)* 94.915 (20.833)*** 69.062 (15.904)***
SO2(β, SE) 22.39 (35.423) 49.487 (31.361) -10.599 (39.697) 79.712 (30.369)**
O3(β, SE) 8.476 (9.819) 13.592 (9.112) 21.287 (8.820)* 22.972 (8.831)**

Eosinophil Counts
Adjust PM2.5 Adjust PMc Adjust NO2 Adjust SO2 Adjust O3

PM2.5(β, SE) 0.509 (0.382) 0.717 (0.458) 0.48 (0.416) 0.811 (0.397)*
PMC(β, SE) 0.949 (0.368) * 1.046 (0.391)** 0.939 (0.355)** 1.116 (0.357)**
NO2(β, SE) 0.611 (1.229) 0.448 (1.088) 0.368 (1.250) 1.793 (0.957)
SO2(β, SE) 2.855 (2.118) 2.828 (1.881) 3.633 (2.377) 4.027 (1.810)*
O3(β, SE) 0.116 (0.589) 0.198 (0.547) 0.582 (0.529) 0.548 (0.526)

Platelet Counts
Adjust PM2.5 Adjust PMc Adjust NO2 Adjust SO2 Adjust O3

PM2.5(β, SE) 0.216 (0.108)* 0.306 (0.130)* 0.325 (0.118)* 0.287 (0.113)*
PMC (β, SE) 0.239 (0.104)* 0.294 (0.111)** 0.298 (0.101)** 0.292 (0.102)**
NO2(β, SE) -0.017 (0.348) 0.112 (0.307) 0.470 (0.354) 0.482 (0.271)
SO2(β, SE) -0.203 (0.602) 0.248 (0.534) 0.104 (0.675) 0.664 (0.516)
O3(β, SE) 0.044 (0.167) 0.122 (0.155) 0.212 (0.150) 0.216 (0.150)
* p < 0.05, **p < 0.01, ***p < 0.001
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Correlations between the quartiles of air pollutants and 
blood cell counts
The linear trend analysis and correlations between 
the quartiles of each air pollutant and blood cell 
counts are shown in Fig.  1. With increasing quartiles 
of PM2.5 (p-value for trend < 0.001), PMC (p-value for 
trend < 0.001), and NO2 (p-value for trend < 0.001) lev-
els, the mean ANC increased significantly (Fig. 1a). With 
increasing quartiles of PM2.5 (p-value for trend = 0.002), 
PMC (p-value for trend = 0.002), and NO2 (p-value for 
trend = 0.005) levels, the mean eosinophil count sig-
nificantly increased (Fig.  1b). Furthermore, as the quar-
tiles of PM2.5 (p-value for trend < 0.001), PMC (p-value 
for trend = 0.001), and NO2 (p-value for trend = 0.003) 
increased, the platelet count increased significantly 
(Fig. 1c). We also have included the scatter plots illustrat-
ing the associations between PM2.5, PMC, NO2 and ANC, 
eosinophil counts, and platelet counts in Supplementary 
Fig. 1.

Discussion
This study found a statistically significant association 
between air pollutant exposure and blood cell counts in 
pediatric patients with asthma. After adjusting for con-
founding factors and other air pollutants, the levels of 

PM2.5, PMC, and NO2 correlated positively with ANC, 
PMC level correlated positively with eosinophil lev-
els, and PM2.5 and PMC levels correlated positively with 
platelet levels. In addition, quartile increases in the levels 
of PM2.5, PMC, and NO2 correlated positively with ANC, 
with differences of approximately 13.8%, 16.2%, and 
13.0% between the upper and lower quartiles, respec-
tively. Quartile increases in the levels of PM2.5, PMC, 
and NO2 correlated positively with eosinophil count 
by approximately 18.5%, 17.3, and 12.3%, respectively. 
Furthermore, quartile increases in the levels of PM2.5, 
PMC, and NO2 correlated positively with platelet count, 
with differences of approximately 4.4%, 4.6%, and 4.1% 
between the upper and lower quartiles, respectively.

Asthma is a common disease in pediatric EDs. Accord-
ing to the International Study of Asthma and Allergies in 
Childhood, approximately 14% of children worldwide are 
likely to have experienced asthma symptoms in the past 
year [23]. Air pollution may be a risk factor contribut-
ing to the incidence of pediatric asthma [24]. Numerous 
epidemiological studies have shown a positive correla-
tion between air pollution exposure and the risk of ED 
visits for pediatric asthma [25–27]. However, the specific 
air pollutants that increase the risk of asthma remain 
unclear. For example, Bouazza et al. collected data from 

Fig. 1  The linear trend analysis and correlations between the quartiles of each air pollutant and blood cell counts. (a) Absolute Neutrophil Count (b) 
Eosinophil Counts (c) Platelet Counts
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20 EDs, comprising 47,107 pediatric asthma cases and 
various air pollutant measurements, including PM2.5, 
PM10, NO2, and O3 measurements. The results showed 
that only PM2.5 had a positive correlation with the risk 
of asthma-related emergency visits, while the impact 
of other air pollutants was not statistically significant 
[28]. Another study collected data from 2,507 pediatric 
patients who visited a hospital for asthma. The results 
revealed a positive correlation between PM2.5, PM10, 
and NO2 levels and the risk of hospital visits for asthma. 
However, the impact of O3 on hospital visits for asthma 
was not statistically significant [29]. A review paper col-
lected 20 studies on the correlation between air pollution 
and asthma exacerbation and conducted a meta-analysis. 
PM2.5 and NO2 had stronger associations with asthma 
exacerbation in children, whereas the effects of PM10 and 
O3 did not reach statistical significance [30]. The pres-
ent study found that PM2.5, PMC, and NO2 correlated 
positively with ANC and eosinophil count. ANC is typi-
cally associated with the body’s inflammatory response, 
whereas eosinophils are usually related to allergic reac-
tions and allergic asthma [18, 19]. The results suggest that 
exposure to air pollution may disrupt the regulation of 
immune responses in children, potentially increasing the 
risk of asthma.

Several toxicological studies have indicated that both 
short- and long-term exposure to air pollution can lead 
to pulmonary inflammation [31, 32]. Molecular evidence 
suggested that reactive oxygen species-dependent path-
ways play a crucial role in the health effects of air pol-
lution, leading to increased oxidative stress in the lungs 
[33, 34]. These inflammatory and oxidative stress-related 
cytokines, such as endotoxins and histamine, can enter 
other organs through the systemic circulation. Mean-
while, ultrafine particles (particles with a diameter less 
than 0.1 μm) and some lipophilic components of PM2.5, 
such as polycyclic aromatic hydrocarbons (PAHs), can 
directly cross vascular barriers and enter the systemic cir-
culation, further increasing oxidative stress and systemic 
inflammatory responses in extra-pulmonary organs such 
as the kidneys, liver, and heart [33, 35, 36]. The inflam-
matory response in the lungs, along with inflammation 
and oxidative stress-related cytokines that enter the sys-
temic circulation, may further influence leukocyte dif-
ferentiation. Studies on humans have also found that 
exposure to PM2.5, PM10, and PMC leads to increased lev-
els of inflammation-related cytokines, such as interleu-
kin (IL)-6, in the blood, hs-CRP, and WBC counts [16]. 
Our results also showed a positive correlation between 
air pollutant exposure and its impact on the white cell 
count distribution. The pulmonary and systemic inflam-
matory responses induced by these air pollutants may 
further impair lung function, thereby exacerbating 
asthma attacks. Studies on humans have also shown that 

exposure to PM2.5 is associated with decreased lung func-
tion indicators, including the on-second forced expira-
tory volume (FEV1), forced vital capacity (FVC), and 
ratio between these two (FEV1/FVC) [37]. Another study 
collected data from 70 Chinese children and found that, 
after adjusting for SO2 and O3, per 10 µg/m³ increase in 
PM2.5 was associated with approximately a 1.6% decrease 
in FVC and FEV1 [38]. The disruption of inflamma-
tory responses in children caused by air pollution, along 
with its impact on lung function, may further exacerbate 
asthma severity. Epidemiological studies have shown a 
positive correlation between PM2.5 and NO2 exposure 
and the risk of asthma-related ED visits and hospitaliza-
tions [39, 40]. Additionally, research has indicated that 
exposure to PM2.5 is positively associated with the length 
of stay for children hospitalized with asthma [41]. These 
results indicate the hazardous effects of air pollution on 
asthma exacerbations and adverse outcomes.

The present study found a positive association between 
PM2.5, PMC, and NO2 and ANC, eosinophil, and platelet 
counts in pediatric patients with asthma. Recent studies 
have shown that exposure to air pollution may disrupt 
the expression of inflammatory cells, coagulation-related 
cells, and cytokines in the human body. However, the 
extent of these effects may vary according to individu-
als’ characteristics and the types of air pollutants. Has-
sanvand et al. (2017) found that, in older volunteers 
(> 65 years), hs-CRP levels increased significantly fol-
lowing PM2.5 exposure, whereas younger healthy vol-
unteers did not exhibit a notable increase [16]. Another 
study observed significant increases in inflammation 
and coagulation-related cytokines following PM2.5 expo-
sure, particularly in individuals with a history of COPD. 
The effects of different air pollutants on the elevation of 
inflammatory biomarkers varied. For instance, CO was 
associated with increased WBC and neutrophil count, 
whereas SO2 was associated with decreased counts [17]. 
Furthermore, Rich et al. (2012) collected blood bio-
markers from 125 healthy volunteers and analyzed their 
changes before, during, and after the Beijing Olympics. 
During the Olympics, owing to government regula-
tions on air pollution, PM2.5 concentrations dropped 
from an average of 100.9 µg/m³ to 69.4 µg/m³, SO2 lev-
els decreased from 35 ppb to 24 ppb, and NO2 levels 
declined from 35 ppb to 33 ppb. Concurrently, soluble 
P-selectin (sCD62P) decreased by 34.0%, and von Wil-
lebrand factor (vWF) decreased by 13.1%. Moreover, 
the percentage of volunteers with CRP concentrations 
above the detectable limit (0.3 mg/L) decreased from 55% 
before the Olympics to 46% during the Olympics [42]. In 
Taiwan, Hung et al. collected data from volunteers resid-
ing near air quality monitoring stations and analyzed 
the association between air pollution and blood inflam-
matory markers. The results showed that CO correlated 
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positively with total WBC, neutrophils, monocytes, and 
lymphocytes, while SO2 correlated negatively with WBC, 
neutrophils, and monocytes [43]. There are several pos-
sible reasons for the differences beyond individual char-
acteristics. First, the health effects of different PM2.5 
compositions appear to vary. Animal studies have found 
that both the water extract and insoluble particles of 
PM2.5 caused liver damage in mice. However, the water 
extract primarily induced liver hyperplasia, while the 
particles mainly caused inflammation and apoptosis [44]. 
Epidemiological studies have also revealed that higher 
levels of PAHs in PM2.5 are associated with an increased 
risk of asthma ED visits [45]. A study on humans col-
lected data from 44 volunteers aged > 65 years living in 
school dormitories and 40 young healthy volunteers. 
They were exposed to PM from various sources, includ-
ing industrial emissions, road dust, and vehicle exhaust. 
The study found significant increases in WBC, vWF, and 
tumor necrosis factor-soluble receptor-II (sTNFRII) in 
the blood samples of elderly participants, whereas no 
significant changes were observed in young healthy par-
ticipants. Additionally, PM from industrial emissions and 
road dust had a more pronounced effect on WBC, vWF, 
and sTNFRII, whereas PM from vehicle exhaust did not 
have a statistically significant impact on these markers 
[46]. Another possible reason is that certain components 
of PM2.5 may have synergistic effects with other air pol-
lutants and climatic conditions. Xiao et al. (2016) found 
that the combined effects of O3 and the nitrate and sul-
fate components in PM2.5 could be associated with an 
increased risk of pediatric pneumonia [47]. In another 
study, exposure to PM2.5 was associated with morning 
hypertension, and this effect was exacerbated by lower 
temperatures [48]. However, studies on the effects of air 
pollution on immune cells and platelets in pediatric pop-
ulations remain limited, with relatively small case num-
bers. Li et al. collected data from 163 children living in 
areas with high air pollution exposure and 110 children 
in the control group, analyzing immune-related cells and 
biomarkers. The results showed a significant decrease 
in B lymphocyte count (p = 0.021) and levels of Comple-
ment Component 3 (C3) and Complement Component 
4 (C4) in the exposure group, while monocyte count and 
the proportion of CD8 + T lymphocytes increased in the 
exposure group [49]. Another study enrolled 43 children 
with asthma and calculated their personal exposure. The 
results showed that increased PM2.5 exposure on lag 1 
was associated with increased resistance in both the small 
and total airways, as well as an elevation in the airway 
inflammation marker, fractional exhaled nitric oxide [50]. 
Our results also show that exposure to PM2.5, PMC, and 
NO2 was positively correlated with ANC and eosinophil 
levels in pediatric asthma patients visiting the emergency 
department. These findings might suggest that such 

exposures influence the immune response in children 
with asthma, potentially further impacting airway resis-
tance and increasing the risk of asthma exacerbations.

Our study found that exposure to PM2.5 and PMC was 
positively associated with platelet count in pediatric 
patients with asthma. Platelets play important roles in 
coagulation and thrombosis. Animal studies have shown 
that co-exposure to silica nanoparticles and lead acetate 
led decreased anticoagulant function indicators such 
as thrombin time, prothrombin time, activated partial 
thromboplastin time, and tissue-type plasminogen acti-
vator, as well as an increase in coagulation-related factors 
such as fibrinogen [51]. Similarly, in a meta-population 
study including 3,275 participants, long-term increases 
in PM2.5 were matched with significantly increased CRP 
levels and platelet counts [52]. Xu et al. (2019) collected 
data from 73 healthy adults and conducted a three-year 
follow-up study. They found that increases in PM2.5 were 
significantly associated with decreases in tissue inhibi-
tors of matrix metalloproteinases (TIMP-1 and TIMP-2), 
which led to increased thrombogenicity. This was also 
related to elevated levels of biomarkers of platelet activity, 
such as the soluble CD40 ligand and soluble P-selectin 
[53]. However, numerous prevalence studies have found 
that exposure to PM2.5 was associated with an increased 
risk of cardiovascular and cerebrovascular diseases [54, 
55]. These findings suggest that exposure to air pollution 
is linked to the activation of coagulation functions and an 
increased number and activation of platelets, which may 
subsequently increase the risk of cardiovascular events.

Conclusions
In the present study, we found a statistically significant 
association between air pollution and ANC and eosino-
phil and platelet count in pediatric patients with asthma. 
After adjusting for confounding factors and other air pol-
lutants, the levels of PM2.5, PMC, and NO2 were found to 
correlate positively with ANC levels, the PMC level was 
positively associated with eosinophil levels, and the PM2.5 
and PMC levels were positively associated with plate-
let levels. In addition, quartile increases in the levels of 
PM2.5, PMC, and NO2 correlated positively with ANC, 
with differences of approximately 13.8%, 16.2%, and 
13.0% between the upper and lower quartiles, respec-
tively. Additionally, quartile increases in the levels of 
PM2.5, PMC, and NO2 correlated positively with eosino-
phil and platelet counts. Our results highlight the impact 
of air pollution on immunity and coagulation in pediatric 
patients with asthma.

Limitations
This study had some limitations. First, the data were 
collected from Kaohsiung, an industrial city in a tropi-
cal region. The results may differ from those of cities 
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with different climatic conditions or levels of air pollu-
tion. Second, asthma diagnoses were based on clinical 
judgment, which can vary among physicians, potentially 
leading to case underreporting and affecting the results. 
Third, the study did not record the time spent on indoor 
and outdoor activities or the use of personal protective 
equipment, which may have resulted in discrepancies 
between estimated and actual air pollution exposure.
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