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A B S T R A C T

Background: Air pollution is known to have notable negative effects on human health. Recently, the effect of air
pollution on blood pressure among the elderly has attracted researchers’ attention. However, the existing evi-
dence is not consistent, given that positive, null, and negative outcomes are presented in the literature. In this
study, we investigated the relationship between blood pressure (BP) and indices of air pollutants (PM2.5, PM10,
and air quality index) in a specific elderly population through a panel study to address this knowledge gap.
Methods:We obtained repeated BP measurements from January 2017 to May 2019 in a panel of 619 elderly with a
total of 5106 records in Nanjing, China. Data on daily indices of ambient air pollutants, including fine particulate
matter with an aerodynamic diameter of � 2.5 μ m (PM2.5), � 10 μ m (PM10), and air quality index (AQI) of the
same period were obtained. We evaluated the association between BP and average concentrations of air pollutants
in the past one-week, two-week, and four-week lags before measuring the BP. The non-linear panel regression
models were used with fixed- and mixed-effects to control age, gender, and temperature.
Results: In the non-linear panel fixed-effects model, the average concentration of PM2.5 is significantly associated
with systolic BP (SBP) at all lags but is only significantly correlated with diastolic BP (DBP) at a one-week lag. An
interquartile range (IQR) increase of one-week average moving PM2.5 (38.86 μg/m3) of our sample increases the
SBP and DBP by 7.68% and 6.9%, respectively. PM10 shows the same pattern of effect on BP as PM2.5. AQI shows
less significant associations with BP. In the non-linear mixed-effects model, the average concentrations of PM2.5

and PM10 are significantly associated with SBP at all lags but have no significant effect on DBP at one- and two-
week lags. AQI is only significantly associated with DBP at a one-week lag.
Conclusions: Exposures to ambient particulate matter (PM2.5 and PM10) were associated with increased BP among
older people, indicating a potential link between air pollution and the high prevalence of hypertension. Air
pollution is a well-recognized risk factor for future cardiovascular diseases and should be reduced to prevent
hypertension among the elderly.
1. Introduction

Approximately 90% of the population worldwide lives in areas where
the air quality cannot meet the recommended standards set by the World
Health Organization (Olujimi et al., 2016). PM2.5. Fine particulate matter
with an aerodynamic of �2.5 μm is a major component of ambient air
pollution and one of the serious environmental concerns worldwide,
particularly in developing countries (Yusuf et al., 2004). More than
.
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one-fourth of Chinese adults have hypertension (27.9%), and the number
has significantly increased over the past few decades (Wang et al., 2017).
In 2013, hypertension accounted for 2.5 million deaths (28% of total
deaths) and 15% of total disability-adjusted life years (Collaborators,
G.B.D.R.F. et al., 2015). High blood pressure (HBP) is a potential car-
diovascular disease (CVD) risk factor, which is the leading cause of death
worldwide (Perumareddi 2019). In the past two decades, numerous
studies have established that air pollution exposure is a potential CVD
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risk factor (Lee and Kim, 2014 and Manisalidis et al., 2020). Inhaled
pollutants might cause an imbalance in the autonomic nervous system
(ANS) by activating the afferent pulmonary autonomic reflexes (Giorgini
et al., 2016). Chronic systemic inflammatory responses caused by air
pollution exposure can impair vascular function through endothelial
dysfunction, which is represented by increased arterial stiffness, vaso-
constriction, and decreased flow-mediated dilation (Finch and Conklin
2016). Excessive vascular oxidative stress is a potential feature in the
pathogenesis of endothelial dysfunction. Some soluble metal particles
such as Zn, Fe, Cu, and Pb (Liang et al., 2020) might penetrate the
bloodstream and affect vascular endothelium. The abovementioned fac-
tors will lead to increased blood pressure.

Various studies have investigated the effect of air pollution exposures
on blood pressure. It has been reported that PM2.5 is directly associated
with HBP in populations of different races, areas, ages, genders, and job
types (Coogan et al., 2016; Weaver et al., 2021; Zhang et al., 2018). An
investigation revealed that pregnant women with excessive PM2.5 expo-
sure have a higher risk of descending HBP to the next generation, which
is manifested when they are 3–9 years old (Zhang et al., 2018). Data from
a large school-based cross-sectional study in six provinces in China
showed that PM2.5 exposure was associated with HBP in children aged
6–18 (Wang et al., 2019). A total of 88 non-smoking outdoor workers
were recruited and exposed to different PM2.5 concentrations for 4
weeks. The results showed that an increase in BP was consistently asso-
ciated with an increase in PM2.5 concentration (Santos et al., 2019).
However, some studies reported no association between HBP and PM2.5

(Mordukhovich et al., 2009; Pieters et al., 2015), or they are negatively
related (Ibald-Mulli et al., 2004; Wang and Wang 2021). Given that there
is inconsistency in the literature, this motivated us to use unique data to
investigate the association between air pollution exposures and BP.
Moreover, these existing studies on the association between BP and PM2.5
have limitations. For example, the BP monitoring time on the same
subject was short, and the measuring frequency was low. The research
period of a study in Beijing, China, was from December 2011 to April
2012 which addressed the effects of high-level PM2.5 exposure on central
BP, and the measuring frequency for each individual was at most 2 (Fan
et al., 2019). Although a panel study was conducted among university
students in Guangzhou, China, from December 2017 to January 2018.
Despite a relatively short period, they measured the weekly BP for 5
consecutive weeks (Guo et al., 2021). Consequently, BP was measured at
a certain point or a few times over a short period and thus might be
affected by various factors, such as mood swings and sports. Some studies
adopted The annual mean value from the medical examination reports
was adopted by some studies, however, it cannot rule out the drug use
factor. The inconsistencies observed in the previous studies resulted in
another factor, many of them are cross-sectional (aka, one-time mea-
surements). To address these knowledge gaps, we seek to investigate the
associations between the indices of air pollutants (including PM2.5, PM10,
and AQI index) and the BP among the 619 Chinese elderly people via
multiple BP monitoring. This investigation includes systolic and diastolic
BP during a long sampling period from January 2017 to May 2019. We
utilized repeated measurements on the same subject in this study.

The study was conducted in Nanjing, China. The Nanjing Municipal
Government issued an environmental quality report that stated the city's
mean value of PM2.5 in 2018 was 43 μm/m3. This means that the air was
classified into the second group of “unhealthy air for sensitive groups to
breathe in” according to the Chinese Air Pollution Index Standard.
Moreover, this value represents the severity of air pollution in China, given
that it has increased by 7.5% compared to the data in 2017 (40 μm/m3).

2. Methods

2.1. Study population and research design

Our study population was a group of older people in Nanjing City,
China, mostly aged 60 years old and above. These elderly came to multi-
2

service centers for various ailments’ consultation. The elderly multi-
service center has accessed the detailed records of the medical exami-
nations among the elderly, including systolic blood pressure (SBP,
mmHg), diastolic blood pressure (DBP, mmHg), and individual data,
such as age and gender. The sample period was from January 2017 to
May 2019. An important feature of this data was the sample individual
had multiple medical check-ups during the sample period. We were then
able to perform a panel data analysis that could reveal the real effects of
air pollution on BP by properly controlling the influence of time-
invariant individual effects. We restricted the sample to individuals
with multiple check-up records within the sample period, which left us a
final unbalanced individual panel sample of 619 and a total of 5106
medical records with precise examination dates. Ethical approval was
obtained from Home Care Service Center of Nanjing and Jiangsu
Zhongmeng Yunzheng Information Technology Co., LTD research ethics
committees, and all participants for our study provided written
informed consent.

2.2. Research data source

In this analysis, blood pressure (BP) with systolic and diastolic mea-
surements were used as the main health outcomes. Different participants’
BP was measured on different dates. For medical reasons, several BP
measurements were collected from the same participant on a particular
date, thus using the average BPmeasurement. The BPmeasurements data
were provided by the Nanjing Municipal Government and the collection
time was from January 2017 toMay 2019. Air pollution data for the same
period were obtained from the Ministry of Environmental Protection
Information Center of China (http://106.37.208.233:20035/). The cen-
tral monitoring stations were used to assess the exposure to air pollution.
The exposure levels of all the participants in Nanjing would be the same if
their BP were measured and collected on the same date. In this study, we
used PM2.5, PM10, and AQI as air pollution measurements, and their units
are all in μ g/m3. Nine corresponding variables (PM2.5_1W, PM10_1W,
AQI_1W, PM2.5_2W, PM10_2W, AQI_2W, PM2.5_4W, PM10_4W, and
AQI_4W) were subsequently generated. This represented the past one-
week, two-week, and four-week average of PM2.5, PM10, and AQI con-
centrations, respectively. After studying an authoritative systematic re-
view on the global association between ambient air pollution and BP, we
found that most high-quality studies on short-term effects of air pollut-
ants used one-week, two-week, and four-week as time lags, and thus we
would follow (Yang et al., 2018). Temperature data for the same period
was acquired from China Meteorological Administration (http://www.c
ma.gov.cn) and the corresponding temperature variables (Temper-
ature_1W, Temperature_2W, and Temperature_4W) were constructed.
The unit of temperature used is degree Celsius (�C).

2.3. Statistical analysis

By the time of the subject's BP measurements, the environmental data
including air pollution and temperature were linked with the individual's
health data. Non-linear panel models with fixed- and mixed-effects were
used to study the effect of air pollution on BP.

First, the effect of air pollution on BP in the elderly was analyzed
using a non-linear panel model with fixed effects. Natural log value was
employed for the dependent and independent variables for easy
econometric interpretation, this paradigm is known as the log-log
model. This model can measure the non-linear relationships between
the health variable of interest and the intensity of air pollution, and
handle the non-normality of SBP and DBP. In the model, the dependent
variable was the BP measurements with log transformation, and the
independent variables included air pollutants, controlling covariates
(temperature, age, and gender), and fixed effects. In our analysis, our
main independent variable was focused on the average PM2.5 concen-
trations in the past week(s). PM10 and AQI were also analyzed as
important independent variables. For each air pollutant, we ran a

http://106.37.208.233:20035/
http://www.cma.gov.cn
http://www.cma.gov.cn


Y.-C.-D. Lin et al. Heliyon 8 (2022) e10539
regression on one-week, two-week, and four-week lags, respectively.
Given that individuals might manifest a certain pattern of health con-
ditions across different days of the week caused by periodic children
visiting and other unobserved reasons, therefore, a weekday fixed-effect
(day of the week) was included. The individual fixed effect was included
in the model to account for time-invariant individual characteristics.
Hence, we could compare the health conditions of the same person
across varying dates with possibly distinct air pollution intensity. BP
measurements, temperature, and air pollutant concentrations were
treated as continuous variables, meanwhile, gender and day of the week
were treated as indicator variables. The non-linear panel model with
fixed effects is

logðBPi;tÞ¼ β0 þ β1 logðPollutiontÞþ β2logðTemperaturetÞ
þ β3log

�
Agei;t

�þ θt þ γi þ δi þ ei;t ;
(1)

where BPi;t denotes the health variable of interest (i.e., SBP or DBP) for
individual i on date t; Pollutiont measures the intensity of air pollution on
date t. We ran the regression models for different pollutants (PM2.5,
PM10, and AQI) with different time lags (one-week, two-week, and four-
week) separately; Agei;t is the age for individual i on date t in years;
Temperaturet is the temperature on date t; Weekday fixed-effects, θt , was
included to eliminate the potential bias; Gender fixed effects, γi, was
included to account for the difference between male and female; δi is the
individual fixed effects, and ei;t is the residual error term. The standard
errors were clustered at the individual level.

Given the repeated measurements, we conducted an investigation
using the non-linear panel model with mixed effects to control the
within-subject variances. This model allows the individual to act as his or
her control over time.

The model is

logðBPi;tÞ¼ β0 þ β1 logðPollutiontÞ þ β2logðTemperaturetÞ
þ β3log

�
Agei;t

�þ θt þ γi þ εi þ ei;t ;
(2)

All the variables and estimated coefficients are the same as a fixed-
effect model, except for the individual effect. We included εi as individ-
ual random intercept for each subject in the mixed-effects model,
meanwhile, we included δi in the fixed-effects model as the individual
fixed-effects.

As for the sensitivity analysis and to make the panel data more
balanced, we performed the above models on the dataset by excluding
sample individuals with fewer than five examination records.

We calculated the percentage changes of effect estimates in BP vari-
ables for a 1% increase of air pollutants as β1% (in a log-log model, the
coefficient is the estimated percent change in the dependent variable for
a percent change in the independent variable), and the 95% confidence
intervals (CIs) ðβ1 �1:96 � SEÞ%, where β1 and SE were the estimated
coefficient for air pollutant and its standard error, respectively.

One may raise a concern that air pollution has heterogeneous effects
on individuals with different initial levels of BP. The quantile regression
model allows us to account for the unobserved heterogeneity while the
panel dataset allows us to include fixed effects to control for unobserved
covariates (Ibald-Mulli et al., 2004). Therefore, we alternatively adopt
quantile regression estimation with fixed effects to uncover a
finer-grained effect of air pollution (Machado and Santos Silva, 2019).
We consider individual and day-of-week fixed effects. Moreover, we
consider nine quantiles running from 10% to 90%.

Statistical tests were two-sided, and p-values of � 0.05 were
considered statistically significant. Statistical analyses were performed in
the R software (version 4.0.2, R Foundation for Statistical Computing,
Vienna, Austria) using the “feols” function in the “fixed” package for non-
linear panel models with fixed effects and the “lmer” function in “lme4”
package for models with mixed effects and were performed in the STATA
program (version 16.0, StataCorp, College Station, TX, USA) using the
“xtqreg” package for quantile regression.
3

3. Results

3.1. Characteristics of the sample populations and environmental
measurements

A total of 619 participants completed 5106 medical records from
January 2017 to May 2019. Figure S1 (Supplementary Material) presents
the geographical distribution of the sample. The graph illustrates that
more individuals reside in the urban districts than in the suburbs of
Nanjing, China. Figure 1 (B) plots the frequency of the medical records of
our samples by week and it gradually increases over time. As discussed
above, all sample individuals feature more than one medical check-up
record. Figure 2 (A) presents the histograms of the number of tests per
person in our sample. The participants had an average of 8.25 medical
check-up records with a standard deviation of 7.29 in the same sample
period. The 25th quantile, the median, and the 75th quantile of record
numbers were 2, 5, and 13, respectively. Most sample individuals had
several records less than the mean concerning a right-skewed distribu-
tion. Table 1 provides the descriptive statistics of basic demographic
characteristics. The average age in our 619 sample individuals was 77.10
� 8.07. There were 390 females, accounting for 63% of the total samples.

Table 2 shows the descriptive statistics of BP measurement, average
concentrations of air pollutants, and temperature. The average SBP was
136.39 � 20.54, which was relatively high because it almost reached the
standard of hypertension (SBP � 140 mmHg or DBP � 70 mmHg), and
the average DBP was 75.47 � 12.58 (Lin et al., 2017). For the average
concentrations of air pollutants, the average PM2.5, PM10, and AQI in one
week before the scheduled measuring date were 77.58 � 28.16, 123.21
� 35.75, and 114.35 � 29.13, respectively. Figure 1 (A) plots the weekly
average of SBP, DBP, and PM2.5 indices. The PM2.5 shows a periodical
pattern that achieves its peaks in winter and valleys in summer
(December and January) and (July and August), respectively. We predict
that this pattern is associated with the rainfall as the summer in Nanjing
is the rainy season. The SBP and DBP show the same patterns with PM2.5
as their peaks appear after PM2.5's peak in the summer of 2018. The
distributions of the PM2.5 index, SBP, and DBP were plotted in Figure 2
(B, C, D), respectively.

3.2. Regression results

The relationship among different time lags of air pollutant concen-
trations was estimated by the non-linear panel model with fixed effects
and BP was shown in Table 3, S1, and S2 (Supplementary Material).
PM2.5 with all the time lags was significantly and positively correlated
with SBP. For every 1% increase in PM2.5, the SBP increased by 0.0256%
(95% CI, 0.0137%–0.0375%), 0.0286% (95% CI, 0.0130%–0.0442%),
and 0.0435% (95% CI, 0.0178%–0.0692%) at one-week lag, two-week
lag, and four-week lag, respectively. The effect of PM2.5 on DBP had
both significant and non-significant results. Particularly, for every 1%
increase in the PM2.5, the estimated percent changes showed a positive
association with DBP at a one-week lag (0.0230% [95% CI, 0.0099%–

0.0361%]), whereas it showed no statistical significance in association
with DBP at two-week lag and four-week lag with a percentage of
(0.0167% [95% CI, -0.000430%–0.0338%]) and (�0.00701% [95% CI,
-0.0343%–0.0202%]), respectively. Meanwhile, the PM10 showed the
same pattern, however, there is a slight sign of its effect on the BP
compared with the PM2.5. That is, the PM10 is significantly and positively
correlated with SBP at all time logs. For every 1% increase in PM10, SBP
increased by 0.0258% (95% CI, 0.0116%–0.0400%), 0.0287% (95% CI,
0.0106%–0.0468%), and 0.0461% (95% CI, 0.0185%–0.0737%) at one-
week lag, two-week lag, and four-week lag, respectively. PM10 is only
positively associated with DBP at one-week lag (0.0247% [95% CI,
0.0085%–0.0409%]). However, AQI is only slightly positively correlated
with both BPs at a one-week lag. The sensitivity analysis was shown in
Table S3 (Supplementary Material), where the associations between
PM2.5 and BPs remain consistent.



Figure 1. Air Pollution and the Sample Selection. Panel A shows the trend of weekly means of SBP, DBP, and PM 2.5 indices over the sample period, and panel B
shows the number of sample individuals in each week of the sample period.

Figure 2. Histograms. Panel A presents the histograms of the number of tests per individual in our sample. The distribution of the PM2.5 index is plotted in panel B.
By contrast, the distributions of SBP and DBP are presented in panels C and D, respectively. The y-axis for the four panels is frequency, which means how many times
the observation occurred in the sample. For panel A, the area of the histogram should be 5106 as the x-axis is several records per individual, while for the other panels,
the value of adding up all the frequencies should be 5106.
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Table 1. Descriptive statistics of basic demographical characteristics.

Characteristics Total (N ¼ 619)*

Age [Years], mean � SD 77.10 � 8.07

Female, n (%) 390 (63.00%)

* In this column, age is given an arithmetic mean and female is given the
number of occurrences.

Table 2. Descriptive statistics of blood pressure, average concentrations of air
pollutants, and temperature.

Variables N Mean SD P25 Median P75

Blood pressure (mmHg)

Systolic blood pressure 5106 136.39 20.54 122.00 135.00 149.00

Diastolic blood pressure 5106 75.47 12.58 66.00 74.00 83.00

Average concentrations of air pollutants (μ g/m3)

PM2.5_1W 5106 77.58 28.16 56.00 73.86 94.86

PM2.5_2W 5106 77.75 25.05 59.14 76.43 97.07

PM2.5_4W 5106 77.48 21.23 58.43 82.29 92.36

PM10_1W 5106 123.21 35.75 99.86 119.00 147.00

PM10_2W 5106 122.71 30.03 104.50 120.79 143.57

PM10_4W 5106 121.62 24.70 104.75 123.79 138.07

AQI_1W 5106 114.35 29.13 96.43 107.43 130.57

AQI_2W 5106 113.83 24.83 97.64 109.50 132.79

AQI_4W 5106 112.75 19.54 98.29 115.75 126.00

Temperature (�C)

Temperature_1W 5106 11.63 7.76 4.21 11.21 17.93

Temperature_2W 5106 11.72 7.73 4.36 11.43 17.14

Temperature_4W 5106 11.54 7.39 4.59 10.59 17.39

Note: PM2.5_1W, PM2.5_2W, and PM2.5_4W represent the average PM2.5 concen-
tration in the past one week, two weeks, and four weeks, and the lag meanings
are the same for PM10, AQI, and temperature, respectively.
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Table 4, S4, and S5 (Supplementary Material) present the relation-
ship between air pollutant concentrations and BP estimated by a non-
linear panel model with mixed effects. The results are consistent, and
more significant findings were obtained compared to the model with
fixed effects. For every 1% increase in PM2.5, the SBP increased by
0.0257% (95% CI, 0.0149%–0.0365%), 0.0283% (95% CI, 0.0148%–

0.0418%), and 0.0364% (95% CI, 0.0162%–0.0566%) at one-week lag,
two-week lag, and four-week lag, respectively. Meanwhile, the DBP
increased by 0.0271% (95% CI, 0.0156%–0.0386%) and 0.0252% (95%
CI, 0.0108%–0.0396%) at one-week lag and two-week lag, respectively.
There was no significant association between PM2.5 and DBP only at a
Table 3. Results of non-linear panel fixed-effects model using PM2.5 as pollution mea

VARIABLES (1) (2) (3)

Log (Systolic blood pressure)

Log (PM2.5_1W) 0.0256*** (0.00607)

Log (Temperature_1W) -0.0161*** (0.00299)

Log (PM2.5_2W) 0.0286*** (0.00798)

Log (Temperature_2W) -0.0153*** (0.00330)

Log (PM2.5_4W) 0.0435*** (

Log (Temperature_4W) -0.0125** (0

Log (Age) -0.101 (0.997) -0.198 (0.990) -1.09 (0.992

Observations 5,088 5,094 5,106

R-squared 0.438 0.438 0.436

Note: The results are presented as β1 (SE) for the relationship between air pollutants an
air pollutant, respectively. The standard error is clustered at the individual level. ***

5

four-week lag. The associations between PM10 and SBP were significant
at one-week lag, two-week lag, and four-week lag with an increase of
(0.0269% [95% CI, 0.0143%–0.0395%]) (0.0299% [95% CI, 0.0140%–

0.0458%]), and (0.0436% [95% CI, 0.0218%–0.0654%]), respectively.
Meanwhile, the associations between PM10 and DBP were significant at
one-week lag and two-week lag with an increase of (0.0292% [95% CI,
0.0157%–0.0427%]) and (0.0265% [95% CI, 0.0099%–0.0431%]),
respectively, however, they are not significantly associated at four-week
lag. AQI still had few significant associations with BP. For every 1% in-
crease in AQI at a one-week lag, DBP would significantly increase by
0.0314% (95% CI, 0.0156%–0.0472%). In the sensitivity analysis of
Table S6 (Supplementary Material), the associations between PM2.5 and
BPs remain consistent.

The coefficients in the quantile regression are presented in Figure 3.
Figure 3 (A) reports the results with Log (SBP) as the dependent variable.
Figure 3 (B) shows the results with Log (DBP) as the dependent variable.
From the plots in Figure 3, we cannot discern a clear pattern in which the
effects of air pollution appear to be different across quantiles of the
distribution of the BP. Our results indicated that air pollution worsens
elders’ health.

4. Discussion

This study aims to investigate the associations between BP and
indices of air pollutants (PM2.5, PM10, and AQI) in a longitudinal panel of
619 elderly participants from Nanjing City, China. In this study, the
longitudinal design with repeatedmeasurement contributed to a stronger
statistical power in investigating the associations between air pollution
exposures and BP. We found that increasing air pollutants, particularly
PM2.5, were significantly associated with the rising BP (Tables 3 and 4).
Our findings are generally consistent with an existing study where a
meta-analysis reported that there is a positive relationship between
exposure to air pollutants and hypertension (Liang et al., 2014).

Previous studies found that an increase in PM2.5 and PM10 above
thresholds was associated with increased SBP, DBP, and pulse-pressure
difference (Lin et al., 2017). In another study of the association of par-
ticulate number concentration, black carbon, and PM2.5 with BP, central
site particulate number concentration levels on a preceding day were
significantly associated with high levels of DBP. However, most partici-
pants lived close to a highway where the levels of particulate number
concentrations are elevated (Chung et al., 2015). An American study of
4121 Americans aged above 57 showed increased odds of prevalent
hypertension, increased SBP, and pulse pressure when exposed to
polluted air with an increased level of PM2.5 (Honda et al., 2018). A
cross-sectional study conducted in Germany and Taiwan observed that
each 2.4 μg/m3 increase in PM2.5 was directly associated with 1.4 mmHg
and 0.9 mmHg increase in SBP and DBP, respectively (Fuks et al., 2011),
which was consistent with our predicted estimates. In another study,
sure.

(4) (5) (6)

Log (Diastolic blood pressure)

0.0230*** (0.00668)

-0.0259*** (0.00299)

0.0167 (0.00874)

-0.0305*** (0.00338)

0.0131) -0.00701 (0.0139)

.00479) -0.0425*** (0.00512)

) -0.556 (0.994) -0.584 (0.988) -1.59 (0.980)

5,088 5,094 5,106

0.467 0.469 0.468

d BP, where β1 and SE were the estimated coefficient and its standard error for the
, **, and * indicates significance at 1%, 5%, and 10%, respectively.



Table 4. Results of non-linear panel mixed-effects model using PM2.5 as pollution measure.

Dependent variable:

Log (Systolic blood pressure) Log (Diastolic blood pressure)

(1) (2) (3) (4) (5) (6)

Log (PM2.5_1W) 0.0257*** (0.00549) 0.0271*** (0.00586)

Log (Temperature_1W) -0.0162*** (0.00236) -0.0258*** (0.00253)

Log (PM2.5_2W) 0.0283*** (0.00689) 0.0252*** (0.00734)

Log (Temperature_2W) -0.0159*** (0.00275) -0.0293*** (0.00293)

Log (PM2.5_4W) 0.0364*** (0.0103) 0.00694 (0.0110)

Log (Temperature_4W) -0.0146*** (0.00407) -0.0410*** (0.00433)

Log (Age) 0.0123 (0.0410) 0.0115 (0.0410) 0.00945 (0.0412) -0.208*** (0.0438) -0.207*** (0.0437) -0.209*** (0.0436)

Observations 5088 5094 5106 5088 5094 5106

Log-Likelihood 3052 3055 3046 2718 2728 2725

Note: The results are presented as β1 (SE) for the relationship between air pollutants and BP, where β1 and SE were the estimated coefficient and its standard error for the
air pollutant, respectively. The standard error is clustered at the individual level. ***, **, and * indicates significance at 1%, 5%, and 10%, respectively.

Figure 3. Coefficients in Quantile Regression Models. Panel A reports the results with Log (SBP) as the dependent variable. Panel B shows the results with Log
(DBP) as the dependent variable.
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traffic-related air pollution (TRAP) significantly increased both SBP and
DBP. Moreover, physical activity in low-TRAP environments has stronger
beneficial effects than the high-TRAP on decreasing the SBP (Weichen-
thal et al., 2014). Relevant experimental data at the cell biochemistry
level indicate that exposure to PM2.5 induces diastolic dysfunction by
oxidative stress, NADPH oxidase, TGF-beta1, and SMAD-dependent
pathways (Qin et al., 2018). In summary, evidence on the interaction
between air pollution and BP in the elderly population is limited. Thus,
further studies are necessary to effectively elucidate the joint effect,
particularly in China with high levels of PM, and to provide insights into
substantial effective strategies in preventing hypertension.

The evidence from biological experiments confirms the effect of air
pollution on BP. Experimental studies have provided several biological
pathways to demonstrate that breathing in pollutants may adversely
affect the nervous, circulatory, and immune systems (Giorgini et al.,
2016). Poor air quality caused by PM2.5 induces multi-organ dysfunction
6

including CVD, ANS imbalance, oxidative stress and inflammation, res-
piratory and lung impairment, and endocrine disorders that can conse-
quently lead to morbidity and even death. Some interacting biological
pathways are supported by an overview of the mechanistic evidence in
Figure S2 (Supplementary Material).

There are some limitations to this study. First, we used the central
monitoring stations, and thus the effects of air pollution are subject to the
constraints posed by the availability of measurement. We only have an
imperfect exposure measurement because of the time series correlations
among exposure meant for individual participants with multiple records
and the various individual time-activity patterns. The potential mea-
surement errors were from the differences between individual- and
population-average exposures; between population-average exposures
and ambient levels at central cities; and between actual ambient levels
and their measurements (Zeger et al., 2000). Second, although age,
gender, and temperature have been included as control variables, some



Y.-C.-D. Lin et al. Heliyon 8 (2022) e10539
other potentially important variables were missing, such as the waistline,
type of disease, and other individual characteristics like smoking and
obesity, among others. Given that the study sample came from the re-
cords of the medical check-ups in the elderly multi-service center, it was
not created for this research. We don't have information on other con-
founding factors that could be directly associated with high BP. There-
fore, more relevant confounding factors should be included in future
studies to improve the results further.

5. Conclusion

In conclusion, our study showed that short-term exposure to ambient
PM air pollution was associated with increased BP for older people. This
study aims to quantify the effect of air pollution on BP through statistical
methods, providing more reliable scientific evidence. These findings
support the urgent need to effectively lower air pollution and improve
strategies to prevent the risk of hypertension among the elderly. China is
one of the countries in Southeast Asia that is fighting PM2.5 pollution.
Various studies have shown that exposure to PM2.5 can lead to various
diseases caused bymultiple organ damage, and even death andmorbidity
in Chinese people. In China, although the mechanisms of adverse re-
actions such as inflammation and oxidative stress have been found in the
open environment, no research has shown which mechanism is more
effective in eliminating its harmful effects. Increasing PM2.5 exposure is a
significant public health issue affecting the quality of life of Chinese
people. China has a vast area where the air conditions can affect the
whole world because of the mutual influence of air pollution on various
nearby countries. Therefore, a new strategy should be formulated to
reduce the concentration of PM2.5 and its harmful effects on human
health. Accurate evaluation and determination of the characteristics of
China's PM2.5 is a priority and needs to be strictly implemented. Finally,
the results can be used as indicators and references for the Chinese local
government to formulate preliminary public health, community health
welfare, and environmental health control. Effective management and
control of the environment and air quality will positively affect the health
of a wide range of people.

Declarations

Author contribution statement

Yang-Chi-Dung Lin: Performed the experiments; Analyzed and
interpreted the data; Wrote paper.

Yutong Cai: Performed the experiments; Analyzed and interpreted the
data.

Hsi-Yuan Huang; Jing Li; Yun Tang; Hsiao-Chin Hong & Qiting Yan:
Contributed reagents, materials, analysis tools or data; Wrote the paper.

Donghai Liang: Conceived and designed the experiments; Contrib-
uted reagents, materials, analysis tools or data; Wrote the paper.

Hsien-Da Huang: Conceived and designed the experiments.
Zhaoyuan Li: Conceived and designed the experiments; Performed

the experiments; Wrote the paper.

Funding statement

Dr. Zhaoyuan Li was supported by National Natural Science Foun-
dation of China [11901492].

Data availability statement

The authors do not have permission to share data.

Declaration of interests statement

The authors declare no conflict of interest.
7

Additional information

Supplementary content related to this article has been published
online at https://doi.org/10.1016/j.heliyon.2022.e10539.

References

Chung, M., Wang, D.D., Rizzo, A.M., Gachette, D., Delnord, M., Parambi, R., Kang, C.M.,
Brugge, D., 2015. Association of PNC, BC, and PM2.5 measured at a central
monitoring site with blood pressure in a predominantly near highway population. Int.
J. Environ. Res. Publ. Health 12, 2765–2780.

Collaborators, G.B.D.R.F., Forouzanfar, M.H., Alexander, L., Anderson, H.R.,
Bachman, V.F., Biryukov, S., Brauer, M., Burnett, R., Casey, D., Coates, M.M.,
Cohen, A., Delwiche, K., Estep, K., Frostad, J.J., Astha, K.C., Kyu, H.H., Moradi-
Lakeh, M., Ng, M., Slepak, E.L., Thomas, B.A., Wagner, J., Aasvang, G.M.,
Abbafati, C., Abbasoglu Ozgoren, A., Abd-Allah, F., Abera, S.F., Aboyans, V.,
Abraham, B., Abraham, J.P., Abubakar, I., Abu-Rmeileh, N.M., Aburto, T.C.,
Achoki, T., Adelekan, A., Adofo, K., Adou, A.K., Adsuar, J.C., Afshin, A., Agardh, E.E.,
Al Khabouri, M.J., Al Lami, F.H., Alam, S.S., Alasfoor, D., Albittar, M.I.,
Alegretti, M.A., Aleman, A.V., Alemu, Z.A., Alfonso-Cristancho, R., Alhabib, S.,
Ali, R., Ali, M.K., Alla, F., Allebeck, P., Allen, P.J., Alsharif, U., Alvarez, E., Alvis-
Guzman, N., Amankwaa, A.A., Amare, A.T., Ameh, E.A., Ameli, O., Amini, H.,
Ammar, W., Anderson, B.O., Antonio, C.A., Anwari, P., Argeseanu Cunningham, S.,
Arnlov, J., Arsenijevic, V.S., Artaman, A., Asghar, R.J., Assadi, R., Atkins, L.S.,
Atkinson, C., Avila, M.A., Awuah, B., Badawi, A., Bahit, M.C., Bakfalouni, T.,
Balakrishnan, K., Balalla, S., Balu, R.K., Banerjee, A., Barber, R.M., Barker-Collo, S.L.,
Barquera, S., Barregard, L., Barrero, L.H., Barrientos-Gutierrez, T., Basto-Abreu, A.C.,
Basu, A., Basu, S., Basulaiman, M.O., Batis Ruvalcaba, C., Beardsley, J., Bedi, N.,
Bekele, T., Bell, M.L., Benjet, C., Bennett, D.A., Benzian, H., Bernabe, E., Beyene, T.J.,
Bhala, N., Bhalla, A., Bhutta, Z.A., Bikbov, B., Bin Abdulhak, A.A., Blore, J.D.,
Blyth, F.M., Bohensky, M.A., Bora Basara, B., Borges, G., Bornstein, N.M., Bose, D.,
Boufous, S., Bourne, R.R., Brainin, M., Brazinova, A., Breitborde, N.J., Brenner, H.,
Briggs, A.D., Broday, D.M., Brooks, P.M., Bruce, N.G., Brugha, T.S., Brunekreef, B.,
Buchbinder, R., Bui, L.N., Bukhman, G., Bulloch, A.G., Burch, M., Burney, P.G.,
Campos-Nonato, I.R., Campuzano, J.C., Cantoral, A.J., Caravanos, J., Cardenas, R.,
Cardis, E., Carpenter, D.O., Caso, V., Castaneda-Orjuela, C.A., Castro, R.E., Catala-
Lopez, F., Cavalleri, F., Cavlin, A., Chadha, V.K., Chang, J.C., Charlson, F.J., Chen, H.,
Chen, W., Chen, Z., Chiang, P.P., Chimed-Ochir, O., Chowdhury, R., Christophi, C.A.,
Chuang, T.W., Chugh, S.S., Cirillo, M., Classen, T.K., Colistro, V., Colomar, M.,
Colquhoun, S.M., Contreras, A.G., Cooper, C., Cooperrider, K., Cooper, L.T.,
Coresh, J., Courville, K.J., Criqui, M.H., Cuevas-Nasu, L., Damsere-Derry, J.,
Danawi, H., Dandona, L., Dandona, R., Dargan, P.I., Davis, A., Davitoiu, D.V.,
Dayama, A., de Castro, E.F., De la Cruz-Gongora, V., De Leo, D., de Lima, G.,
Degenhardt, L., del Pozo-Cruz, B., Dellavalle, R.P., Deribe, K., Derrett, S., Des
Jarlais, D.C., Dessalegn, M., deVeber, G.A., Devries, K.M., Dharmaratne, S.D.,
Dherani, M.K., Dicker, D., Ding, E.L., Dokova, K., Dorsey, E.R., Driscoll, T.R., Duan, L.,
Durrani, A.M., Ebel, B.E., Ellenbogen, R.G., Elshrek, Y.M., Endres, M., Ermakov, S.P.,
Erskine, H.E., Eshrati, B., Esteghamati, A., Fahimi, S., Faraon, E.J., Farzadfar, F.,
Fay, D.F., Feigin, V.L., Feigl, A.B., Fereshtehnejad, S.M., Ferrari, A.J., Ferri, C.P.,
Flaxman, A.D., Fleming, T.D., Foigt, N., Foreman, K.J., Paleo, U.F., Franklin, R.C.,
Gabbe, B., Gaffikin, L., Gakidou, E., Gamkrelidze, A., Gankpe, F.G., Gansevoort, R.T.,
Garcia-Guerra, F.A., Gasana, E., Geleijnse, J.M., Gessner, B.D., Gething, P.,
Gibney, K.B., Gillum, R.F., Ginawi, I.A., Giroud, M., Giussani, G., Goenka, S.,
Goginashvili, K., Gomez Dantes, H., Gona, P., Gonzalez de Cosio, T., Gonzalez-
Castell, D., Gotay, C.C., Goto, A., Gouda, H.N., Guerrant, R.L., Gugnani, H.C.,
Guillemin, F., Gunnell, D., Gupta, R., Gupta, R., Gutierrez, R.A., Hafezi-Nejad, N.,
Hagan, H., Hagstromer, M., Halasa, Y.A., Hamadeh, R.R., Hammami, M.,
Hankey, G.J., Hao, Y., Harb, H.L., Haregu, T.N., Haro, J.M., Havmoeller, R., Hay, S.I.,
Hedayati, M.T., Heredia-Pi, I.B., Hernandez, L., Heuton, K.R., Heydarpour, P.,
Hijar, M., Hoek, H.W., Hoffman, H.J., Hornberger, J.C., Hosgood, H.D., Hoy, D.G.,
Hsairi, M., Hu, G., Hu, H., Huang, C., Huang, J.J., Hubbell, B.J., Huiart, L.,
Husseini, A., Iannarone, M.L., Iburg, K.M., Idrisov, B.T., Ikeda, N., Innos, K.,
Inoue, M., Islami, F., Ismayilova, S., Jacobsen, K.H., Jansen, H.A., Jarvis, D.L.,
Jassal, S.K., Jauregui, A., Jayaraman, S., Jeemon, P., Jensen, P.N., Jha, V., Jiang, F.,
Jiang, G., Jiang, Y., Jonas, J.B., Juel, K., Kan, H., Kany Roseline, S.S., Karam, N.E.,
Karch, A., Karema, C.K., Karthikeyan, G., Kaul, A., Kawakami, N., Kazi, D.S.,
Kemp, A.H., Kengne, A.P., Keren, A., Khader, Y.S., Khalifa, S.E., Khan, E.A.,
Khang, Y.H., Khatibzadeh, S., Khonelidze, I., Kieling, C., Kim, D., Kim, S., Kim, Y.,
Kimokoti, R.W., Kinfu, Y., Kinge, J.M., Kissela, B.M., Kivipelto, M., Knibbs, L.D.,
Knudsen, A.K., Kokubo, Y., Kose, M.R., Kosen, S., Kraemer, A., Kravchenko, M.,
Krishnaswami, S., Kromhout, H., Ku, T., Kuate Defo, B., Kucuk Bicer, B., Kuipers, E.J.,
Kulkarni, C., Kulkarni, V.S., Kumar, G.A., Kwan, G.F., Lai, T., Lakshmana Balaji, A.,
Lalloo, R., Lallukka, T., Lam, H., Lan, Q., Lansingh, V.C., Larson, H.J., Larsson, A.,
Laryea, D.O., Lavados, P.M., Lawrynowicz, A.E., Leasher, J.L., Lee, J.T., Leigh, J.,
Leung, R., Levi, M., Li, Y., Li, Y., Liang, J., Liang, X., Lim, S.S., Lindsay, M.P.,
Lipshultz, S.E., Liu, S., Liu, Y., Lloyd, B.K., Logroscino, G., London, S.J., Lopez, N.,
Lortet-Tieulent, J., Lotufo, P.A., Lozano, R., Lunevicius, R., Ma, J., Ma, S.,
Machado, V.M., MacIntyre, M.F., Magis-Rodriguez, C., Mahdi, A.A., Majdan, M.,
Malekzadeh, R., Mangalam, S., Mapoma, C.C., Marape, M., Marcenes, W.,
Margolis, D.J., Margono, C., Marks, G.B., Martin, R.V., Marzan, M.B., Mashal, M.T.,
Masiye, F., Mason-Jones, A.J., Matsushita, K., Matzopoulos, R., Mayosi, B.M.,
Mazorodze, T.T., McKay, A.C., McKee, M., McLain, A., Meaney, P.A., Medina, C.,
Mehndiratta, M.M., Mejia-Rodriguez, F., Mekonnen, W., Melaku, Y.A., Meltzer, M.,
Memish, Z.A., Mendoza, W., Mensah, G.A., Meretoja, A., Mhimbira, F.A., Micha, R.,

https://doi.org/10.1016/j.heliyon.2022.e10539
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3


Y.-C.-D. Lin et al. Heliyon 8 (2022) e10539
Miller, T.R., Mills, E.J., Misganaw, A., Mishra, S., Mohamed Ibrahim, N.,
Mohammad, K.A., Mokdad, A.H., Mola, G.L., Monasta, L., Montanez Hernandez, J.C.,
Montico, M., Moore, A.R., Morawska, L., Mori, R., Moschandreas, J., Moturi, W.N.,
Mozaffarian, D., Mueller, U.O., Mukaigawara, M., Mullany, E.C., Murthy, K.S.,
Naghavi, M., Nahas, Z., Naheed, A., Naidoo, K.S., Naldi, L., Nand, D., Nangia, V.,
Narayan, K.M., Nash, D., Neal, B., Nejjari, C., Neupane, S.P., Newton, C.R.,
Ngalesoni, F.N., Ngirabega Jde, D., Nguyen, G., Nguyen, N.T., Nieuwenhuijsen, M.J.,
Nisar, M.I., Nogueira, J.R., Nolla, J.M., Nolte, S., Norheim, O.F., Norman, R.E.,
Norrving, B., Nyakarahuka, L., Oh, I.H., Ohkubo, T., Olusanya, B.O., Omer, S.B.,
Opio, J.N., Orozco, R., Pagcatipunan Jr., R.S., Pain, A.W., Pandian, J.D., Panelo, C.I.,
Papachristou, C., Park, E.K., Parry, C.D., Paternina Caicedo, A.J., Patten, S.B.,
Paul, V.K., Pavlin, B.I., Pearce, N., Pedraza, L.S., Pedroza, A., Pejin Stokic, L.,
Pekericli, A., Pereira, D.M., Perez-Padilla, R., Perez-Ruiz, F., Perico, N., Perry, S.A.,
Pervaiz, A., Pesudovs, K., Peterson, C.B., Petzold, M., Phillips, M.R., Phua, H.P.,
Plass, D., Poenaru, D., Polanczyk, G.V., Polinder, S., Pond, C.D., Pope, C.A., Pope, D.,
Popova, S., Pourmalek, F., Powles, J., Prabhakaran, D., Prasad, N.M., Qato, D.M.,
Quezada, A.D., Quistberg, D.A., Racape, L., Rafay, A., Rahimi, K., Rahimi-
Movaghar, V., Rahman, S.U., Raju, M., Rakovac, I., Rana, S.M., Rao, M., Razavi, H.,
Reddy, K.S., Refaat, A.H., Rehm, J., Remuzzi, G., Ribeiro, A.L., Riccio, P.M.,
Richardson, L., Riederer, A., Robinson, M., Roca, A., Rodriguez, A., Rojas-Rueda, D.,
Romieu, I., Ronfani, L., Room, R., Roy, N., Ruhago, G.M., Rushton, L., Sabin, N.,
Sacco, R.L., Saha, S., Sahathevan, R., Sahraian, M.A., Salomon, J.A., Salvo, D.,
Sampson, U.K., Sanabria, J.R., Sanchez, L.M., Sanchez-Pimienta, T.G., Sanchez-
Riera, L., Sandar, L., Santos, I.S., Sapkota, A., Satpathy, M., Saunders, J.E.,
Sawhney, M., Saylan, M.I., Scarborough, P., Schmidt, J.C., Schneider, I.J.,
Schottker, B., Schwebel, D.C., Scott, J.G., Seedat, S., Sepanlou, S.G., Serdar, B.,
Servan-Mori, E.E., Shaddick, G., Shahraz, S., Levy, T.S., Shangguan, S., She, J.,
Sheikhbahaei, S., Shibuya, K., Shin, H.H., Shinohara, Y., Shiri, R., Shishani, K.,
Shiue, I., Sigfusdottir, I.D., Silberberg, D.H., Simard, E.P., Sindi, S., Singh, A.,
Singh, G.M., Singh, J.A., Skirbekk, V., Sliwa, K., Soljak, M., Soneji, S., Soreide, K.,
Soshnikov, S., Sposato, L.A., Sreeramareddy, C.T., Stapelberg, N.J., Stathopoulou, V.,
Steckling, N., Stein, D.J., Stein, M.B., Stephens, N., Stockl, H., Straif, K.,
Stroumpoulis, K., Sturua, L., Sunguya, B.F., Swaminathan, S., Swaroop, M.,
Sykes, B.L., Tabb, K.M., Takahashi, K., Talongwa, R.T., Tandon, N., Tanne, D.,
Tanner, M., Tavakkoli, M., Te Ao, B.J., Teixeira, C.M., Tellez Rojo, M.M.,
Terkawi, A.S., Texcalac-Sangrador, J.L., Thackway, S.V., Thomson, B., Thorne-
Lyman, A.L., Thrift, A.G., Thurston, G.D., Tillmann, T., Tobollik, M., Tonelli, M.,
Topouzis, F., Towbin, J.A., Toyoshima, H., Traebert, J., Tran, B.X., Trasande, L.,
Trillini, M., Trujillo, U., Dimbuene, Z.T., Tsilimbaris, M., Tuzcu, E.M., Uchendu, U.S.,
Ukwaja, K.N., Uzun, S.B., van de Vijver, S., Van Dingenen, R., van Gool, C.H., van
Os, J., Varakin, Y.Y., Vasankari, T.J., Vasconcelos, A.M., Vavilala, M.S.,
Veerman, L.J., Velasquez-Melendez, G., Venketasubramanian, N., Vijayakumar, L.,
Villalpando, S., Violante, F.S., Vlassov, V.V., Vollset, S.E., Wagner, G.R., Waller, S.G.,
Wallin, M.T., Wan, X., Wang, H., Wang, J., Wang, L., Wang, W., Wang, Y.,
Warouw, T.S., Watts, C.H., Weichenthal, S., Weiderpass, E., Weintraub, R.G.,
Werdecker, A., Wessells, K.R., Westerman, R., Whiteford, H.A., Wilkinson, J.D.,
Williams, H.C., Williams, T.N., Woldeyohannes, S.M., Wolfe, C.D., Wong, J.Q.,
Woolf, A.D., Wright, J.L., Wurtz, B., Xu, G., Yan, L.L., Yang, G., Yano, Y., Ye, P.,
Yenesew, M., Yentur, G.K., Yip, P., Yonemoto, N., Yoon, S.J., Younis, M.Z.,
Younoussi, Z., Yu, C., Zaki, M.E., Zhao, Y., Zheng, Y., Zhou, M., Zhu, J., Zhu, S.,
Zou, X., Zunt, J.R., Lopez, A.D., Vos, T., Murray, C.J., 2015. Global, regional, and
national comparative risk assessment of 79 behavioural, environmental and
occupational, and metabolic risks or clusters of risks in 188 countries, 1990–2013: a
systematic analysis for the Global Burden of Disease Study 2013. Lancet 386,
2287–2323.

Coogan, P.F., White, L.F., Yu, J., Burnett, R.T., Seto, E., Brook, R.D., Palmer, J.R.,
Rosenberg, L., Jerrett, M., 2016. PM2.5 and diabetes and hypertension incidence in
the black women's health study. Epidemiology 27 (2), 202–210.

Fan, F., Wang, S., Zhang, Y., et al., 2019. Acute effects of high-level PM2.5 exposure on
central blood pressure. Hypertension 74 (6), 1349–1356.

Finch, J., Conklin, D.J., 2016. Air pollution-induced vascular dysfunction: potential role
of endothelin-1 (ET-1). System. Cardiovasc Toxicol 16, 260–275.

Fuks, K., Moebus, S., Hertel, S., Viehmann, A., Nonnemacher, M., Dragano, N.,
Mohlenkamp, S., Jakobs, H., Kessler, C., Erbel, R., Hoffmann, B., 2011. Heinz Nixdorf
Recall Study Investigative, G. Long-term urban particulate air pollution, traffic noise,
and arterial blood pressure. Environ. Health Perspect. 119, 1706–1711.

Giorgini, P., Di Giosia, P., Grassi, D., Rubenfire, M., Brook, R.D., Ferri, C., 2016. Air
Pollution Exposure and Blood pressure: an updated review of the literature. Curr.
Pharmaceut. Des. 22, 28–51.

Guo, P.Y., He, Z.Z., Jalaludin, B., et al., 2021. Short-term effects of particle size and
constituents on blood pressure in healthy young adults in Guangzhou, China. J. Am.
Heart Assoc. 10 (10), e019063.
8

Honda, T., Pun, V.C., Manjourides, J., Suh, H., 2018. Associations of long-term fine
particulate matter exposure with prevalent hypertension and increased blood
pressure in older Americans. Environ. Res. 164, 1–8.

Ibald-Mulli, A., Timonen, K.L., Peters, A., Heinrich, J., Wolke, G., Lanki, T., Buzorius, G.,
Kreyling, W.G., de Hartog, J., Hoek, G., ten Brink, H.M., Pekkanen, J., 2004. Effects of
particulate air pollution on blood pressure and heart rate in subjects with
cardiovascular disease: a multicenter approach. Environ. Health Perspect. 112,
369–377.

Lee, B.J., Kim, B., 2014. Lee, K: air pollution exposure and cardiovascular disease.
Toxicol. Res. 30 (2), 71–75.

Liang, R., Zhang, B., Zhao, X., Ruan, Y., Lian, H., Fan, Z., 2014. Effect of exposure to PM2.5
on blood pressure: A systematic review and meta-analysis. J. Hypertens. 32,
2130–2140 discussion 2141.

Liang, S., Zhang, J., Ning, R., Du, Z., Liu, J., Batibawa, J.W., Duan, J., Sun, Z., 2020. The
critical role of endothelial function in fine particulate matter-induced atherosclerosis.
Part. Fibre Toxicol. 17 (1), 61.

Lin, H., Guo, Y., Zheng, Y., Di, Q., Liu, T., Xiao, J., Li, X., Zeng, W., Cummings-
Vaughn, L.A., Howard, S.W., Vaughn, M.G., Qian, Z.M., Ma, W., Wu, F., 2017. Long-
term effects of ambient PM2.5 on hypertension and blood pressure and attributable
risk among older Chinese adults. Hypertension 69, 806–812.

Machado, J.A.F., Santos Silva, J.M.C., 2019. Quantiles via Moments. J. Econom. 213,
145–173.

Manisalidis, I., Stavropoulou, E., Stavropoulos, A., Bezirtzoglou, E., 2020. Environmental
and health impacts of air pollution: a review. Front. Public Health 8, 14.

Mordukhovich, I., Wilker, E., Suh, H., Wright, R., Sparrow, D., Vokonas, P.S., Schwartz, J.,
2009. Black carbon exposure, oxidative stress genes, and blood pressure in a
repeated-measures study. Environ. Health Perspect. 117, 1767–1772.

Olujimi, O.O., Ana, G.R., Ogunseye, O.O., Fabunmi, V.T., 2016. Air quality index from
charcoal production sites, carboxyhemoglobin and lung function among
occupationally exposed charcoal workers in South-Western Nigeria. SpringerPlus 5,
1546.

Perumareddi, P., 2019. Prevention of hypertension related to cardiovascular disease. Prim
Care 46, 27–39.

Pieters, N., Koppen, G., Van Poppel, M., De Prins, S., Cox, B., Dons, E., Nelen, V.,
Panis, L.I., Plusquin, M., Schoeters, G., Nawrot, T.S., 2015 Jul. Blood Pressure and
Same-Day Exposure to air pollution at school: associations with nano-sized to coarse
PM in children. Environ. Health Perspect. 123 (7), 737–742.

Qin, G., Xia, J., Zhang, Y., Guo, L., Chen, R., Sang, N., 2018. Ambient fine particulate
matter exposure induces reversible cardiac dysfunction and fibrosis in juvenile and
older female mice. Part. Fibre Toxicol. 15, 27.

Santos, U.P., Ferreira Braga, A.L., Bueno Garcia, M.L., Amador Pereira, L.A., Lin, C.A.,
Chiarelli, P.S., Saldiva de Andre, C.D., Afonso de Andre, P., Singer, J.M., Nascimento
Saldiva, P.H., 2019. Exposure to fine particles increases blood pressure of
hypertensive outdoor workers: a panel study. Environ. Res. 174, 88–94.

Wang, F., Wang, X., 2021. Associations between PM2.5 exposure duration and physical
activity intensity on hypertension in urban residents of Beijing, China. Environ. Sci.
Pollut. Control Ser. 28, 29742–29754.

Wang, S., Li, M., Hua, Z., Ye, C., Jiang, S., Wang, Z., Song, Z., Yu, Y., 2017. Outdoor
Temperature and Temperature Maintenance Associated with Blood Pressure in
438,811 Chinese Adults, 26. Blood Press, pp. 246–254.

Wang, X., Zou, Z., Dong, B., Dong, Y., Ma, Y., Gao, D., Yang, Z., Wu, S., Ma, J., 2019.
Association of school residential PM2.5 with childhood high blood pressure: results
from an observational study in six cities in China. Int. J. Environ. Res. Publ. Health
16.

Weaver, A.M., Wang, Y., Wellenius, G.A., Bidulescu, A., Sims, M., Vaidyanathan, A.,
Hickson, D.A., Shimbo, D., Abdalla, M., Diaz, K.M., et al., 2021. Long-term air
pollution and blood pressure in an african American cohort: the jackson heart study.
Am. J. Prev. Med. 60 (3), 397–405.

Weichenthal, S., Hatzopoulou, M., Goldberg, M.S., 2014. Exposure to traffic-related air
pollution during physical activity and acute changes in blood pressure, autonomic,
and micro-vascular function in women: a cross-over study. Part. Fibre Toxicol. 11, 70.

Yang, B.Y., Qian, Z., Howard, S.W., Vaughn, M.G., Fan, S.J., Liu, K.K., Dong, G.H., 2018.
Global association between ambient air pollution and blood pressure: a systematic
review and meta-analysis. Environ. Pollut. 235, 576–588.

Yusuf, S., Vaz, M., Pais, P., 2004. Tackling the challenge of cardiovascular disease burden
in developing countries. Am. Heart J. 148, 1–4.

Zeger, S.L., Thomas, D., Dominici, F., Samet, J.M., Schwartz, J., Dockery, D., Cohen, A.,
2000 May. Exposure measurement error in time-series studies of air pollution:
concepts and consequences. Environ. Health Perspect. 108 (5), 419–426.

Zhang, M., Mueller, N.T., Wang, H., Hong, X., Appel, L.J., Wang, X., 2018. Maternal
exposure to ambient particulate matter </¼ 2.5 microm during pregnancy and the
risk for high blood pressure in childhood. Hypertension 72, 194–201.

http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref5
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref5
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref5
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref5
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref6
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref6
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref6
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref7
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref7
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref7
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref7
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref7
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref8
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref8
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref8
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref8
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref10
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref10
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref10
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref10
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref11
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref11
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref11
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref11
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref11
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref11
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref12
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref12
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref12
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref14
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref14
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref14
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref16
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref16
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref16
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref17
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref17
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref18
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref18
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref18
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref18
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref19
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref19
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref19
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref19
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref20
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref20
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref20
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref22
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref22
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref22
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref24
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref24
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref24
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref24
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref24
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref26
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref26
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref26
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref26
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref26
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref28
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref28
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref28
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref29
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref29
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref29
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref29
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref32
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref32
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref32
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref32
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref32
http://refhub.elsevier.com/S2405-8440(22)01827-8/sref32

	Air pollution and blood pressure in the elderly: evidence from a panel study in Nanjing, China
	1. Introduction
	2. Methods
	2.1. Study population and research design
	2.2. Research data source
	2.3. Statistical analysis

	3. Results
	3.1. Characteristics of the sample populations and environmental measurements
	3.2. Regression results

	4. Discussion
	5. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	References


