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Abstract

Objectives: The aim of this study was to determine the lag between exposure to air pollutants and changes in human eosinophil counts. Material and
Methods: This was a retrospective study employing 246 425 physical examination records dated December 2013 — December 2016 from Chengdu,
China. The authors determined the prevalence of individuals with eosinophil counts above the normal reference range each day. A distributed lag
non-linear model was used to evaluate the lagged effect of each air pollutant on eosinophil counts. The lagged effects of each air pollutant were count-
ed and presented with smoothing splines. Results: The effects of air pollutants such as particulate matter (PM, ,, aerodynamic diameters <2.5 um;
PM,, aerodynamic diameters <10 um), nitrogen dioxide (NO,) and ozone (O,) were evaluated. In women, the effects of PM,, (RR = 1.154,
95% CI: 1.061-1.255) and PM, (RR = 1.309, 95% CI: 1.130-1.517) reached the maximum values on lag day 0. In men, there was no significant effect
of PM, ,, but significant effects of PM,  were found for lag days 20-28. The effects of NO, and O, on eosinophils were not statistically significant for
either gender. Conclusions: The air pollutants of PM, have a significant effect on human eosinophils for both women and men, but with different
temporal patterns, with women showing a lag of 0-5 days and men showing a lag of 20-28 days. In addition, PM, , was significant for women with a lag
of 0-3 days but it was not significant for men. Int J Occup Med Environ Health. 2020;33(3):299-310
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INTRODUCTION

According to the World Health Organization (WHO) re-
port of 2018, 9 out of 10 people now breathe polluted air,
which kills 7 million people every year [1]. With the rapid
development of industrialization, air pollution has be-

come one of the most important environmental problems
in China. The Chinese Department of Environmental

Protection considered particulate matter (PM, ., aerody-

2.5
namic diameters <2.5 um; PM, , aerodynamic diameters

<10 pm), sulfur dioxide (SO,), nitrogen dioxide (NO,),
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carbon monoxide (CO) and ozone (O,) as the primary air
pollutants and included them in the latest China’s Am-
bient Air Quality Standard (GB 3095-2012) in 2012 [2].
The 24-h mean threshold values of PM, ,, PM,, SO,, CO
and O, in GB 3095-2012 are higher than the 2005 WHO
air quality suggested values.

Previous studies have confirmed that exposure to air pol-
lutants would lead to the development of cardiovascular
diseases, lung diseases, and immunity-related diseases
such as allergic rhinitis, childhood asthma, and atopic
dermatitis [3-8]. Epstein et al. [9] evaluated the relation-
ship between exposure to traffic pollutants and asthma
control, and found that traffic pollutants increased eosino-
philic inflammation in older adults with poorly controlled
asthma. Meanwhile, other authors reported that eosino-
phils increased with exposure to air pollutants [10-12].
On the other hand, Fauzie and Venkataramana [13] per-
formed animal experiments with albino mice exposed to
traffic-related air pollutants, and the results showed that
eosinophils were significantly reduced.

However, some controversy remains about the impact of
air pollution on eosinophils. One study of the association
between eosinophilic activation and air pollution showed
no significant associations between the number of eosino-
phils and PM, ; or NO,, which did not show the cumulative
effect of air pollution [14].

Stimulated by the above studies, physical examination
records, and air pollutant and meteorological data are
used in this study to determine the effect of air pollution
on human eosinophil counts and clarify whether there is
a lagged effect of air pollution on human eosinophils.

MATERIAL AND METHODS

Study area

Chengdu is located in the western part of the Sichuan
Province, geographically situated between 102°54 E ~
104°53” E and 30°05’ N ~ 31°26’ N. In 2016, the city’s land
area was 14 335 km?, and there were 11 urban built-up ar-
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eas totaling about 4000 km” Due to high traffic density
and special basin topography, the urban area suffers from
a high concentration of air pollutants [15,16].

Study population

This is a population-based study with a retrospective

analysis of real-world data for the period of December

2013 — December 2016. The data were extracted from

the records of men and women sent by their employers to

receive annual physical examinations at the Physical Ex-
amination Center of the Sichuan Provincial People’s Hos-
pital. The biochemical tests of all subjects were carried out
in the Department of Clinical Laboratory in the Sichuan

Provincial People’s Hospital immediately after sample

collection. The normal reference range for serum eosi-

nophil counts, as provided by the clinical laboratory, is
0.02-0.52 x 10°/1.

Initially 275 088 records were included. In order to elimi-

nate abnormal interference, the following exclusion crite-

ria were used:

- incomplete data, for example, the examination time,
specific age and gender, and examination results are
missing;

- individuals aged <18 or =65 years;

— eosinophils <0.02 x 10°/1;

- diagnosis of cancer;

- dates with <15 physical examination records.

Following these exclusions, 246 425 records remained. The

validity and reliability of the physical examination data

were ensured through a stringent quality assurance and
quality control program by the Sichuan Provincial People’s

Hospital. The Ethics Committee in the Sichuan Provincial

People’s Hospital gave its permission for this study.

Air pollutants and meteorological data

All air pollutant and meteorological data were re-
ceived from the China National Environmental Moni-
toring Center [17]. The meteorological data, including
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the mean value of daily temperature (DT), relative hu-
2.5 PMlO’ SOZ’
NO,, CO concentration, and 8-h maximum daily sliding

midity (RH), daily average values of PM

average of O, concentration in Chengdu, were all record-
ed throughout the study period. The methods for air pol-
lutant and meteorological data collection, including time
resolution and instrumentation details, were as described
previously [16].

Statistical analysis

The authors assumed that the impact of air pollutants on
the human body was not significantly effective beneath
a certain threshold. That threshold was selected in ac-
cordance with China’s Ambient Air Pollution Standards
(GB 3095-2012) [2]. A distributed lag non-linear model
(DLNM) was used to evaluate the lagged effects of each
air pollutant [18]. The authors counted the number of
physical examination records per day with eosinophil
counts exceeding the upper limit of the normal reference
range (0.52 x 10°/1) as the daily prevalence.

Due to the observed dispersion of data, the authors used
the quasi-Poisson regression to fit them. The DLNM
equation was as follows:

log (E(Y,)) = a + cb(X,Lthr) + ns(time,df) + 1)
ns(DT,df) + ns(RH,df) + DOW

where:

Y, - the event rates of the parts per 10 000 by every day in

the study period;

E((Y,)) - the expected value for Y ;

o - the intercept;

cb - the cross-basis function which can be depicted as a 2-dimen-

sional space of functions describing simultaneously the shape of

the relationship along a single air pollutant and its distributed

lag effects [19];

X, - the daily average concentration of each air pollutant (PM,

5

PM,, SO,, NO,, CO and O,), which depicted a linear effect

10°

on human eosinophils (the lag effect of X was depicted using
a third-degree polynomial function);

1 - the number of lag days for the effect of each air pollutant;
thr - the threshold of each air pollutant effect;

ns — the natural spline function which was used to smoothen
the time trend effects of a long-term character, daily tempera-
ture and relative humidity;

time was used to control the time trend effects of a long-term
character;

df - the degree of freedom;

DT - daily temperature;

RH - relative humidity;

DOW - the day of the week which was used to control the week

effects.

The authors chose the appropriate df according to the Par-
tial Autocorrelation Function (PACF), and the calcula-
tion method was as reported previously [20]. The maxi-
mum permitted lag was 35 days, which was determined
by the survival time of eosinophils and a smaller value
of the quasi-Akaike information criterion (QAIC) [21].
Relative risk (RR) values with their respective 95% con-
fidence intervals (95% CI) were used to show the effect
of each air pollutant with a 10 pg/m* increase in con-
centration.

Data processing and statistical analyses were performed
using “splines” and “dlnm” packages of R software (ver-
sion 3.5.2) [18,22].

RESULTS

Basic data description

Table 1 shows the basic information derived from physical
examination records. After excluding extreme values and
filtering data according to the exclusion criteria, 246 425
physical examination records were included in this study.
Among these, 4546 records showed eosinophil counts ex-
ceeding 0.52 x 10°/, of which 3164 concerned men and
1382 women. The prevalence in men was significantly
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Table 1. Characteristics of the medical records of 246 425 participants by gender at the Physical Examination Center
of the Sichuan Provincial People’s Hospital in Chengdu, China (December 2, 2013 — December 2, 2016)

Participants
) (N =246 425)
Variable
total men women
(N =136 030) (N =110395)
Records
physical examination [n] 246 425 136 030 110395
daily (Me (25-75%)) 266 (199-348) 145 (104-193) 120 (89-151)
Age [years] (M£SD) 40.3£11.20 40.7+£11.11 39.8+11.42
BMI [kg/m?] (M£SD) 23.3+3.40 243+3.2 22.0£3.10
Blood cell counts
erythrocytes [10'%/1] (M£SD) 4.86+0.55 5.16%£0.48 4.49+0.40

leukocytes [10°/1] (Me (25-75%))
neutrophils [10%1] (Me (25-75%))
eosinophils [10°/1] (Me (25-75%))
basophils [10°1] (Me (25-75%))
lymphocytes [10°/1] (Me (25-75%))

6.02 (5.012-7.09)
3.40 (2.77-4.17)
0.11 (0.07-0.18)
0032 (0.021-0.048)
1.95 (1.60-2.37)

6.27 (5.37-7.35)
3.50 (2.88-4.27)
0.13 (0.08-0.21)
0.037 (0.022-0.005)
2.04 (1.67-2.47)

5.72(4.86-6.73)

3.27 (2.64-4.04)
0.09 (0.06-0.15)
0.03 (0.02-0.042)
185 (1.53-2.23)

monocytes [10%1] (M+SD) 0.43%0.14 0.46%0.15 0.38+0.12
higher than in women according to the Wilcoxon signed- Air pollution effects
rank test (0.13 vs. 0.09, p < 0.01). The effects of 4 pollutants (PM, ., PM, , NO, and O,) on men

Variable description

The daily average values of PM, , PM,, SO,, NO,, CO
concentration, the 8-h maximum daily sliding average
of O, concentration, and the daily prevalence of eosino-
phil counts exceeding the upper limit of the reference
range are listed in Table 2. The daily average concentra-
tions of PM, , and PM, for 330 and 234 days, respectively,
were higher than the standard values stipulated in China’s
Ambient Air Pollution Standards. The values of NO, and
O, exceeded the standard values for 64 and 132 days, re-
spectively. However, the values of SO, and CO were al-
ways under the standard values in the study period, and
thus DLNM could not evaluate their effects. Meteoro-
logical data, including temperature and relative humidity,
were dispersed evenly.
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and women are shown in Figure 1. Of these pollutants, PM,
and PM, had a greater effect on eosinophils in men than
in women, and showed a distinct lagged effect in men (Fig-
ure 1a and Figure 1b vs. Figure 1e and Figure 1f).

In women, the effects of PM,, (RR: 1.154, 95%CIL
1.061-1.255) and PM, (RR: 1.309, 95% CIL: 1.130-1.517)
reached the maximum value on lag day 0, then decreased
as the lag time increased (Figure 1e and Figure 1f). More
specifically, PM, . and PM,  produced effects in women on
lag days 0-3 and lag days 0-5, respectively. In men, the re-
sults for PM, ; were not significant. However, significant
results were found for PM, on lag days 20-28 (RR: 1.072,
95% CI: 1.005-1.143), with the maximum value occurring
on lag day 24.

The other air pollutants, NO, and O,, had no significant ef-
fect on eosinophil counts in men (Figure 1c and Figure 1d)
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Table 2. Summary statistics of daily prevalence, air pollutants and weather factors at the Physical Examination Center
of the Sichuan Provincial People’s Hospital in Chengdu, China (December 2, 2013 — December 2, 2016)

Exposure variable Me (25-75%) Min. Max

Daily incidence rate

total 176 (118-245.2) 0 938

men 220 (132-321) 0 1250

women 109 (0-190) 0 1667
Daily pollutant concentration

PM, ; [ug/m’] 53 (36-83) 10 396

PM,; [ug/m’]° 91 (63-140) 16 562

SO, [ug/m’]* 14 (11-20) 4 61

NO, [ug/m’}* 50 (41-62) 15 118

O, [ug/m’[* 82 (50-127) 7 293

CO [mg/m’]f 1(0.9-1.3) 0.4 2.6
Weather factor

temperature [°C] 20 (12-24) 2 32

relative humidity [%] 73 (66-82) 27 100

@ Pollution days: 330 above the standard value, 767 under the standard value.
® Pollution days: 234 above the standard value, 863 under the standard value.
¢ Pollution days: 0 above the standard value, 1097 under the standard value.
¢ Pollution days: 64 above the standard value, 1033 under the standard value.
¢ Pollution days: 132 above the standard value, 965 under the standard value.
"Pollution days: 0 above the standard value, 1097 under the standard value.

or women (Figure 1g and Figure 1h). More data can be
found in Table 3.

DISCUSSION

Clinically, human eosinophils can be used to indicate the de-
gree of immune response to a disease [23,24]. Eosinophil
counts are especially good indicators for hypersensitivity pneu-
monitis, eczema, and helminth infections. Here, the authors
used eosinophil counts as a biomarker to show the harmful
effects of air pollution. The effect of exposure to air pollution
on the human body is usually a lagged effect that is not limited
to the period when it is observed [17,18]. Therefore, DLNMs
were used to demonstrate the effects of 4 pollutants (PM,
PM,, NO, and O,) on eosinophil counts. To date, DLNMs
have been widely used to discover lagged effects of exposure
(especially for air pollution) on outcomes [25-27].

For both men and women, PM, ; and PM, had the larg-
est effects on eosinophil counts. In 2010, Sehlstedt et al.
[12] took 15 healthy subjects, exposed them to an average
particulate matter concentration of 270 pg/m® or filtered
air for 1 h, and found that particulate matter exposure in-
creased the number of bronchoalveolar lavage eosinophils
in these healthy subjects. Moreover, Carlsten et al. [10]
recruited 18 blinded atopic volunteers and had them in-
hale 300 mg PM, /m’ of diesel exhaust; the results showed
that airway eosinophils increased in atopic patients at
environmentally relevant concentrations of PM, .. In the
2 studies mentioned above, the effects of air pollution on
gender were not evaluated, and neither were lagged ef-
fects. A separate study reported no significant association
between the number of eosinophils and exposure to PM,
in 521 children [14]. However, this study used adults aged
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18-65, whose immune functions differed from those of
children.

The results presented in this study demonstrate that the ef-
fects of air pollution on eosinophils differed between men
and women. Many studies have reported that the innate
immunity of women, both humoral and cellular, is stronger
than that of men [28-30]. Estrogen promotes the devel-
opment of the T helper 2 (Th2) response and stimulates
the secretion of proinflammatory cytokines (IL-4, IL-5 and
IL-10) [29]. Of note is the fact that IL-5 can help recruit
eosinophils from the blood to inflammatory foci [29,31].
In this study, the eosinophil responses to PM, ; and PM,
were different in men and women, as shown in the Figures
la and 1b, and Figures le and 1f. The maximal effect was
on the first day of exposure in women, then it gradually
decreased within 2-3 weeks after exposure. On the other
hand, men were less affected by PM, ; and PM,; during
the first few days of exposure, but then showed increased
effects as the number of lag days increased, reaching maxi-
mum values in 3-4 weeks. This study confirms a gender-
dependent difference in immune function, with eosinophils
in women being more involved than in men.

The authors acknowledge some limitations of their study.
First, they did not include the subjects’ histories of medi-
cation, allergy, pregnancy, menopause, or smoking, all of
which may influence eosinophil counts. In addition, occu-
pational and lifestyle factors may lead to some difference
in effective exposure to ambient air pollution between
men and women. Fortunately, the large cohort of physical
examination records, which was used in this study, would
reduce the deviation of various factors, enabling the au-
thors to clarify the associations between air pollution, eo-
sinophils, and gender.

CONCLUSIONS

The air pollutants of PM,; have a significant effect on
human eosinophils for both women and men, but with
different temporal patterns, with women showing a lag

[JOMEH 2020;33(3)

of 0-5 days and men showing a lag of 20-28 days. Notably,
PM, , was significant for women with a lag of 0-3 days
while it was not significant for men.
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