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ABSTRACT 

Exposure to indoor air particulate pollution increases respiratory and cardiovascular 

morbidity and mortality, especially in the elderly. To assess a short-term, indoor air 

filtration’s potential benefit on circulatory and cardiopulmonary health among healthy 

older people, a randomized, double-blind crossover trial was conducted with 24 

healthy residents of an aged-care center in Chongqing, China in 2020. Each room 

received a high-efficiency particulate air filter air purifier and a placebo air purifier 

for two days. Fifteen circulatory system biomarkers of inflammation, coagulation, and 

oxidative stress; lung function; blood pressure (BP); heart rate (HR) and fractional 

exhaled nitric oxide (FeNO) were measured end of each two days. Indoor air 

particulate pollution was monitored throughout the study period. Linear mixed-effect 

models were used to associate health outcome variables with indoor particles. This 

intervention study demonstrated that air filtration was associated with significantly 

decreased concentrations of inflammatory and coagulation biomarkers, but not of 

biomarkers of oxidative stress and lung function. Just 48 hours of air filtration can 

improve the cardiopulmonary health of the elderly. Air purifiers may be a public 

health measure that can be taken to improve circulatory and cardiopulmonary health 

among older people. 

 

Key Words: Cardiovascular health; The elderly; Particulate matter; Double-blind 

crossover trial; Public health 
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1 INTRODUCTION 

A large number of studies have shown that short-term and long-term exposure to 

particulate matter (PM) will increase the morbidity and mortality associated with 

cardiovascular and respiratory diseases (Amarloei et al. 2020; Yunesian et al. 2019), 

such as ischemic heart disease (Dai et al. 2018), stroke (Zhang et al. 2018), chronic 

obstructive pulmonary disease (Li et al. 2018), and lower respiratory infection (Xia et 

al. 2017). The biological mechanism hypotheses that PM causes cardiovascular and 

respiratory diseases include implicate systemic and local inflammation, blood 

coagulation, impaired heart function (such as increased arterial blood pressure and 

heart rate), impaired lung function (Dockery and Stone 2007; Simkhovich et al. 2008) 

and increased oxidative stress (Dockery and Stone 2007; Shrey et al. 2011) were 

involved in these pathological processes. 

 

The susceptibility to airborne PM pollution varies with different age groups, with the 

greatest harm to the elderly (Olmo et al. 2011; Peled 2011; Zhang et al. 2013). Current 

air quality standards for PM may not be safe for elderly people, and even exposure to 

much lower concentrations can lead to much greater health risks in the elderly, 

compared with younger age groups, because of their poorer immunity and less 

efficient cardiovascular and respiratory systems (Arbex et al. 2012).  
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In China, urban residents spend an average of 87% of their time indoors, and this 

percentage is even higher for the elderly (Protection 2013), and therefore the 

concentration of indoor PM has a significant impact on people's health. Indoor PM 

could come from outdoors (Belis et al. 2013) or be generated indoors (Morawska et al. 

2017). Potential indoor sources of PM include cooking, smoking, emissions from 

wood stoves and fireplaces, heating, cleaning and other occupant activities (McGrath 

et al. 2017; O'Leary et al. 2019; Wang et al. 2018). Nonsmokers exposed to 

secondhand smoke had a 22% higher risk of cardiovascular diseases (Zhang et al. 

2020). PM2.5 in the cooking exhausts could harm the human cardiovascular system 

(Sun et al. 2020). Outdoor airborne PM can enter a building through ventilation and 

infiltration (Canha et al. 2019; Lai et al. 2019). People living in buildings close to 

main roads have a higher death rate due to exposure to PM (Hoek et al. 2002). PM 

caused by traffic is highly correlated with cardiovascular and respiratory diseases 

(Jhun et al. 2019). Exposure to PM from outdoor sources will harm elderly people's 

health (Segalin et al. 2020). Atmospheric PM pollution has become a major health 

threat accompanying the rapid economic development in China (Li et al. 2017). It is, 

therefore, very important to reduce indoor PM from outdoor sources, to protect the 

cardiopulmonary health of the elderly.  

 

Previous studies have shown that indoor air purifiers can significantly reduce the 

concentration of indoor PM, and has potential benefits for cardiovascular and 
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respiratory health(Chen et al. 2015; Cui et al. 2018; Guan et al. 2018; Karottki et al. 

2013; Shao et al. 2017). However, the subjects of most of these studies were adults 

and young people like university students, so the results may underestimate the health 

benefits of air purifier use for the more vulnerable group, that is the elderly (Brauner 

et al. 2008; Chen et al. 2015; Cui et al. 2018; Guan et al. 2018). Some studies on the 

elderly have been carried out in countries with low pollution (Brauner et al. 2008; 

Karottki et al. 2013). However, the outdoor environment and physical fitness of the 

elderly in China are very different from those in these countries, and there is a lack of 

research in China.  

 

We, therefore, conducted a randomized, double-blind crossover trial of air purifier use 

in Chongqing, China to determine whether short-term use of air purifier can improve 

cardiopulmonary health among the elderly. As the pathogenic pathway of PM to 

human cardiopulmonary diseases is mainly through increasing oxidative stress, 

activating systemic inflammation, and may lead to the formation of thrombosis. This 

study selected biomarkers of human circulatory system (systemic inflammation, blood 

coagulation and oxidative stress) and lung function as the main endpoints. BP, HR and 

indicators of respiratory inflammation were also tested. 
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2 METHODS 

2.1 STUDY PARTICIPANT AND DESIGN 

The study was conducted in January 2020 in an aged-care center in Jiangbei District, 

Chongqing, China. The locations of the aged-care center are depicted in Figures A.1 

and A.2. Twenty-six elderly people were recruited from this center by researchers 

communicating directly with the elderly, and by posting recruitment advertisements in 

the center. These participants were selected according to the following principles: 1) 

no history of cardiopulmonary disease in the three years prior to the trial; 2) had lived 

in this aged-care center for more than one year; 3) no smoking and alcohol drinking in 

the rooms; 4) age 60 years or older. Two participants voluntarily quit during the trial 

and did not participate in the second stage of the trial. Ultimately, 24 elderly people, 

12 male and 12 female, living in 16 rooms (8 single and 8 double), took part in the 

entire trial. A single room is 32 m
2
 and a double room is 40 m

2
. Each room has the 

same configuration and consists of a bedroom and a bathroom.  

 

The study was a randomized double-blind crossover trial, designed to assess the 

impact of short-term indoor air filtration on acute changes in health endpoints. All 

participants were divided into two groups on average, namely, Group A and Group B. 

Figure 1 shows the overall trial protocol of this study, which took a total of 96 hours 

for each participant. In the first 48 hours, Group A was given air purifiers (treatment 

group) and Group B was given placebo air purifiers (placebo group: only filter gauzes 
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removed). In the second 48 hours, this arrangement was reversed between the two 

groups. Air purifiers and placebo air purifiers have the same appearance, so 

participants did not feel any difference during the whole trial. There was no way for 

participants to know if they were in the treatment or the placebo group. The air 

purifiers were placed at similar locations in the rooms so as not to hinder the 

participants, while also avoiding being in a corner. Between the two 48-hour 

intervention periods, there was a 12-day wash-out period. We drew blood and 

collected morning urine from each participant after each 48-h intervention period, and 

at the same time, measured their BP, HR, and performed FeNO and lung function tests. 

All interventions started at 8 am to avoid issues related to diurnal variation. During 

the trial periods, high-efficiency particulate air filter (HEPA) air purifiers (Well Air 

Love-KJ001, Well Air Love, Chongqing, China) were used to filtrate the indoor air. 

We asked all participants to stay in their rooms with the windows and doors closed 

throughout each 48-h intervention period. Researchers delivered meals to their rooms. 

Neither participants nor the researchers in the trial can differentiate treatment or the 

placebo group. All participants provided written informed consent before participating 

in the study. 

Figure 1 Flowchart of Participation in a Randomized, Double-Blind and Crossover Trial of Air 

Filtration 
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PM = PM1.0, PM2.5 and PM10 

 

The Ethics Review Committee of Life Sciences at Central China Normal University 

approved the study method. Ethics Ratification ID for the project “pathogenic 

mechanism of indoor environmental risk factors exposure on COPD among older 

people” is CCNU-IRB-2019-002. 

 

2.2 EXPOSURE ASSESSMENT  

Indoor environmental parameters monitored in this study included air temperature 

(T, ℃), relative humidity (RH, %), PM1.0 (PM1.0 = particulate matter ＜ 1.0µm in 

aerodynamic diameter) concentration (µg/m
3
), PM2.5 (PM2.5 = particulate matter ＜ 

2.5µm in aerodynamic diameter) concentration (µg/m
3
) and PM10 (PM10 = particulate 

matter ＜ 10µm in aerodynamic diameter) concentration (µg/m
3
). These parameters 

were continuously collected and recorded every minute using an environmental 

monitoring kit. This equipment has laser dust sensors (ZH03B, Weisen Electronic 

Technology Co., Ltd, Zhengzhou, China) to monitor the concentration of PM, and 
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digital temperature and humidity modules (MHTRD06, Yuanjian Sensor Technology, 

Shenzhen, China) with a high polymer wet-sensitive resistor and a high precision 

NTC temperature measuring element, to monitor temperature and humidity. Before 

the study, all sensors were calibrated against an aerosol monitor (DustTrak 8530, TSI 

Inc., St. Paul, Minnesota) in a calibration room (Manikonda et al. 2016). Table 1 lists 

the major specifications of all sensors involved in the monitoring kit. The 

environmental monitoring equipment was installed at least one meter away from the 

air purifier. Since the older people often lie or sit indoors, the height of the monitoring 

point is set between 0.6m and 1.0m to cover the elderly breathing area. The 48-hour 

average mean was used as the uniform exposure level for 1 or 2 subjects in each room. 

Outdoor environmental parameters, including temperature, relative humidity and PM 

concentrations, were collected. Outside the main entrance of the aged-care center is a 

path, across from a residential area. The outdoor environmental monitor was installed 

in the aged-care center yard to represent the outdoor PM concentrations in the 

aged-care center. The vertical distance from the monitoring point to the aged-care 

building is about 10 meters, 3.5 meters from the aged-care door to the monitoring 

point, and the height of the monitoring point is about 1.2 meters approximately. The 

air purifier and environmental monitoring kit are shown in Figure A.3. 

 

Table 1. Major Specifications of the Sensors used in the Environmental Monitoring Kits 

Parameter Range Accuracy 

Air temperature -40°C~60°C ±0.5°C  
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Relative humidity 20%~95% ±3% 

PM1.0 0~1000µg/m
3
 ±1µg/m

3
 

PM2.5 0~1000µg/m
3
 ±1µg/m

3
 

PM10 0~1000µg/m
3
 ±1µg/m

3
 

PM1.0 = particulate matter <1.0 μm in aerodynamic diameter, PM2.5 = particulate matter <2.5 μm in aerodynamic 

diameter, PM10 = particulate matter <10 μm in aerodynamic diameter. 

 

2.3 HEALTH MEASUREMENTS  

Prior to the trial, information such as age, sex, height, weight and past medical history 

of each participant, and calculated body mass index (BMI) was collected. At the end 

of each 48-hour trial period, 3ml venous blood (EDTA tube collection) and morning 

urine were collected from each of the participants, and BP, HR, lung function and 

FeNO were measured. Plasma was separated from the venous blood samples. All 

biomarker tests were performed according to the appropriate kit manufacturer's 

instructions. Other instruments for testing circulatory system markers were an 

enzyme-labeled instrument (352, Labsystems Multiskan MS Co., Ltd, Finland), a 

washer (AC8, Thermo Labsystems, Finland), a high-speed micro-centrifugal machine 

(TG16W, Xiangyi Co., Ltd, China) and a waterproof constant temperature incubator 

(GNP-9080, Shanghai Jing Hong Laboratory Instrumental Co., Ltd, China). Figure 

A.4 shows the process of health parameter testing. 

 

The biomarkers we tested were: systemic inflammation, blood coagulation, heart 

function, lung function, respiratory inflammation and oxidative stress. 
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Systemic inflammation：Eight indicators of blood inflammation, including C-reactive 

protein (CRP), fibrinogen, P-selectin, monocyte chemoattractant protein (MCP-1), 

interleukin-1β (IL-1β), interleukin-6 (IL-6), tumor necrosis factor (TNF)-α and 

myeloperoxidase (MPO).  

 

Blood coagulation: Four coagulation indicators, including soluble CD40 ligand 

(sCD40L), plasminogen activator inhibitor-1 (PAI-1), tissue-type plasminogen 

activator (t-PA) and D-dimer.  

 

Heart function: To measure participants’ BP and HR, we used an upper arm 

electronic sphygmomanometer (U15, OMRON, Liaoning, China). Participants' BP 

was measured at least 3 times by trained technicians, with a 2-min minimum interval 

between measurements. The systolic BP and diastolic BP can be obtained by 

averaging the second and third sets of readings. If the differences among the 3 

measurements were more than 5 mm Hg, a new round of measurements were taken. 

 

Lung function: A spirometer (A01, Breath home, Guangzhou, China) was used, 

according to the manufacturer's instructions, to measure forced vital capacity (FVC), 

forced expiratory volume in 1 s (FEV1) and peak expiratory flow (PEF) of each 

participant. Participants were instructed to perform at least 3 forced expiratory lung 
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function maneuvers to obtain a minimum of 2 acceptable and reproducible values, and 

the best results were recorded. 

 

Respiratory inflammation: Elevated levels of airway inflammation biomarkers such 

as fractional exhaled nitric oxide (FeNO) is a signal of respiratory system 

inflammation (Lambert et al. 2021). FeNO was determined in line with the current 

ATS/ERS recommendations (American Thoracic and European Respiratory 2005) 

during a controlled expiration over 6 s using the handheld device, NIOX MINO 

machine (Aerocrine AB, Solna, Sweden).  

 

Oxidative stress: We examined three oxidative stress indicators, including reactive 

oxygen species (ROS), glutathione (GSH) and 8-hydroxydeoxy-guanosine (8-OHdG).  

 

We measured these biomarkers of inflammation, coagulation and oxidative stress 

using human enzyme-linked immunosorbent assay kits (Jiangsu Meimian Industrial 

Co., Ltd, Jiangsu, China). The detailed information of the kit is shown in Table A.1. 

 

2.4 STATISTICAL ANALYSES  

We converted indoor and outdoor PM concentrations monitored from minutes to 

hourly data and calculated the hourly, and total mean value, as well as the 
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corresponding standard deviation of the treatment group and placebo group. The 

indoor and outdoor PM concentrations were skewed distributed according to 

Kolmogorov Smirnov testing, so the PM concentration differences between treatment 

and placebo groups were estimated by Wilcoxon signed-rank test. Since the 

health-outcome variables were all skewed distributions, we performed a logarithmic 

transformation of health outcomes before statistical analysis. To estimate the 

association between indoor air filtration and health endpoints among the elderly, 

linear mixed-effect models were used. In these models, exposure in terms of filtration 

status was included as a dummy variable (1 for treatment group and 0 for placebo 

group) and was analyzed as a fixed effect, and all models included random intercepts  

for subjects to account for correlations between repeated measures from each 

participant. All models controlled for the following variables as fixed effect covariates: 

age, gender, body mass index, indoor relative humidity and indoor temperature. The 

Mann-Whitney U test was used to examine potential effects caused by the order of 

intervention between the 2 groups with different treatment orders (Phillips et al. 2013). 

As a sensitivity analysis, models were examined for indoor PM by replacing the 

dichotomous air filtration variable with continuous measures of indoor PM1.0, PM2.5 

and PM10 concentration respectively. The dependent variables in these models were 

the same as those described above and discussed whether the reduction in 

concentrations of PM1.0, PM2.5 and PM10 had a different impact on the changes in the 

health endpoints. The null hypothesis between the treatment group and placebo group 
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is no difference (p > 0.05). All statistical tests were 2-sided with alpha = 0.05, and all 

analyses were conducted with the “lme4” package of R software (version 4.0.4) 

 

3 RESULTS 

3.1 Baseline Description 

Table 2 gives the characteristics of the 24 participants.  

 

Table 2. Characteristics of the 24 Study Participants 

Characteristic Value 

Age, mean (SD) [range], y 82 (7.8) [61-97] 

Female, No. (%) 12 (50.0) 

BMI, mean (SD), kg/m
2 

24.7 (3.8)  

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared) 

 

According to the self-reported data from participants, they stayed indoors for all of the 

48-h periods and lived in the aged-care center during the wash-out period. All 24 

participants completed the BP and HR measurements. We noted that with increasing 

age, the lung function of the participants decreased and measured vital capacity 

decreased. Because of reduced lung function and vital capacity, two participants were 

unable to complete two complete FeNO tests and lung function tests, another two only 

completed the FeNO test, and a further two only completed the lung function tests. 

This meant that results from the FeNO and lung function tests were collected for only 

20 participants. Two of the participants refused to have blood drawn or to provide 
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morning urine, so only 22 participants provided blood and morning urine samples for 

this trial. 

 

3.2 PM Exposures 

Time-varying PM1.0, PM2.5 and PM10 concentrations in outdoor air, indoor air of 

treatment group and placebo group are shown in Figures 2(a), (b) and (c) respectively. 

The red line represents the hourly concentration of outdoor air, the blue line 

represents the hourly concentration of these pollutants in the placebo group indoor air 

and the orange line represents the hourly concentration in the treatment group indoor 

air. The green dotted line in Figures 2(b) and (c) represents the (World Health 

Organization) WHO air quality guidelines for PM2.5 and PM10 (Organization 2014). 

Indoor PM1.0, PM2.5 and PM10 concentrations dropped rapidly in the first 2 hours in 

this trial. Between 8:00 am and 12:00 noon, the concentrations of PM indoors showed 

a peak value, that coincided with the times when doors were occasionally opened by 

staff doing routine care in this aged-care center. PM concentrations indoors exceeded 

the WHO standards in the placebo group indoor air but were within limits in the 

treatment group indoor air. 

 

Figure 2 Time-varying PM Concentrations in Outdoor, Treatment 

Group and Placebo Group 
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(a) 

 

(b) 

 

(c) 

 

This trial was conducted during the winter months of January 6, 2020, to January 22, 

2020. The aged-care has no central air conditioning and fresh air systems, and all 
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rooms are equipped with split air conditioners for both cooling and heating. Table 3 

summarizes the PM levels, temperature and relative humidity in the two different 

exposure groups and outdoor air. The PM concentrations in both the treatment group 

and placebo group indoor air were significantly lower than that in outdoor air. The 

average concentrations of PM1.0, PM2.5 and PM10 in the treatment group indoor air 

were 20.0µg/m
3
, 32.9µg/m

3
 and 42.5µg/m

3
 lower than that in the placebo group 

indoor air, respectively. There were significant differences in indoor PM levels due to 

the air filtration process. 

 

Table 3. Summary of PM and Meteorological Variables (Arithmetic Mean±SD) in Outdoor 

Air, Placebo Group Indoor Air, and Treatment Group Indoor Air during the Intervention Periods 

Variables Outdoor Air 

Placebo Group 

Indoor Air 

Treatment 

Group Indoor 

Air 

p-value (Placebo 

Group vs 

Treatment Group) 

PM1.0, µg/m
3 37.8±4.5 27.3±4.7 7.3±3.4 <0.001 

PM2.5, µg/m
3 60.8±6.1 45.6±7.8 12.7±5.5 <0.001 

PM10, µg/m
3 77.7±7.5 58.5±10.1 16.0±7.0 <0.001 

Temperature, ℃ 11.0±3.7 19.8±1.5 20.0±1.9 0.818 

Relative humidity, % 64.6±5.0 51.4±4.6 52.73±3.8 0.506 

 

3.3 Biomarker Responses 

Table 4 shows the geometric mean and standard deviation (SD) of 8 biomarkers of 

systemic inflammation, 4 blood coagulation indicators, BP, HR, lung function, 

respiratory inflammation and 3 oxidative stress biomarkers from the treatment group 

and placebo group. The indicators of blood inflammation and blood coagulation for 
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the treatment group were lower than those from the placebo group, while the same 

trend was not seen in lung function and blood pressure. 

 

 

 

Table 4. Summary of Health Endpoints (Geometric Mean ± SD) in Placebo Group and 

Treatment Group During the Intervention Periods 

Endpoints Placebo Group  Treatment Group  

Blood inflammation 

CRP, µg/L 2084.7±426.5 1864.3±397.5 

Fibrinogen, ng/mL 993.3±195.6 859.5±174.1* 

P-selectin, ng/L 4461.6±575.5 4225.6±522.5 

MCP-1, ng/L 240.6±27.1 198.6±21.8* 

IL-1β, pg/mL 53.1±5.8 51.3±5.8 

IL-6, ng/L 20.0±2.8 19.3±2.7 

TNF-α, pg/mL 314.0±74.4 293.7±70.7 

MPO, ng/mL 78.2±10.8 65.2±12.4* 

Blood coagulation 

sCD40L, pg/mL 628.4±146.6 610.3±18.1 

PAI-1, pg/mL 657.4±110.6 564.8±129.6* 

t-PA, ng/L 211.7±22.7 183.6±29.7* 

D-dimer, ng/mL 3728.4±706.7 3470.3±536.9 

BP and HR 

Systolic pressure, mm Hg 144.8±29.5 142.3±26.6 

Diastolic pressure, mm Hg 87.3±13.8 87.9±14.6 

HR, bpm 74.4±12.5 70.1±9.6* 

Lung function   

PEF, L/min 104.5±32.4 96.9±41.6 

FEV1, L 0.87±0.45 0.87±0.48 

FVC, L 1.03±0.62 1.08±0.70 

Respiratory inflammation and oxidative bio-makers 

FENO, ppb 18.9±10.0 16.0±9.7 

ROS, ng/mL 11.5±1.4 11.0±1.3 

GSH, ng/L 76.6±11.8 82.2±12.4 

8-OHdG, ng/L 107.9±18.8 103.1±12.2 
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CRP = C-reactive protein; MCP = monocyte chemoattractant protein; IL = interleukin; TNF = tumor necrosis 

factor; MPO = myeloperoxidase; sCD40L = soluble CD40 ligand; PAI = plasminogen activator inhibitor; t-PA 

= tissue plasminogen activator; BP = blood pressure; HR = heart rate; PEF = peak expiratory flow; FVC = 

forced vital capacity; FEV1 = forced expiratory volume in 1 s; FeNO = fractional exhaled nitric oxide; ROS = 

reactive oxygen species; GSH = glutathione; 8-OHdG = 8-hydroxy-2 deoxyguanosine; 1µg = 103ng = 106pg. 

*p-Value < 0.05 

 

Figure 3 shows the percentage change and 95% CI in each biomarker in the linear 

mixed-effect models, with treatment group and placebo group as the category variable. 

Indoor air filtration was significantly associated with a decrease in 3 of 8 blood 

inflammation, 2 of 4 blood coagulation and heart rate. In blood inflammation, the 

mean was significantly reduced by 15.1% (95%CI: -23.1% ~ -6.3%) in fibrinogen, 

17.7% (95%CI: -22.9% ~ -12.3%) in MCP-1 and 17.2% (95%CI: -23.9% ~ -9.8%) in 

MPO. In blood coagulation, the mean of PAI-1 was significantly reduced by 14.9% 

(95%CI: -21.1% ~ -8.2%) and the mean of t-PA was significantly reduced by 13.5% 

(95%CI: -18.7% ~ -8.0%) in the treatment group. HR decreased significantly, by 5.8% 

(95%CI: -10.6% ~ -0.8%) with air filtration. With the exception of FVC, HEPA 

filtration effects on other health endpoints were generally in the expected directions 

but with confidence intervals that included the null. However, associations between 

air filtration and CRP, P-selectin, D-dimer were borderline significant (p=0.064, 0.073 

and 0.060 respectively). The sequence of treatment and placebo group was not 

associated with any of the health indicators based on the Mann-Whitney U test (p 

values ranging from 0.128 to 0.981). 
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Figure 3 Air purifiers and cardiopulmonary benefits: Percent Change in Cardiopulmonary 

health Endpoints Comparing the Treatment Group to Placebo Group 

 

CRP = C-reactive protein; MCP = monocyte chemoattractant protein; IL = interleukin; TNF = tumor necrosis 

factor; MPO = myeloperoxidase; sCD40L = soluble CD40 ligand; PAI = plasminogen activator inhibitor; t-PA 

= tissue plasminogen activator; HR = heart rate; PEF = peak expiratory flow; FVC = forced vital capacity; 

FEV1 = forced expiratory volume in 1 s; FeNO = fractional exhaled nitric oxide; ROS = reactive oxygen 

species; GSH = glutathione; 8-OHdG = 8-hydroxy-2 deoxyguanosine;  

 

Percent change in health endpoints associated with a 10 µg/m
3 

increase of continuous 
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indoor PM1.0, PM2.5 and PM10 concentrations are given in Table 5. Similar to the main 

analyses, continuous exposure to indoor PM1.0, PM2.5 and PM10 had positive 

associations with blood inflammation and coagulation biomarkers, FeNO and 

oxidative biomarkers and there was no significant correlation with lung function. This 

is inconsistent with the main analyses, where significant associations were seen 

between indoor PM1.0, PM2.5, PM10 and D-dimer (p=0.026, 0.028 and 0.028). When 

indoor PM1.0, PM2.5 and PM10 had a 10 µg/m
3
 increase, D-dimer decreased by 5.1%, 

3.1% and 2.4%, respectively. Sensitivity analysis showed that PM with different 

particle sizes has different effects on health endpoints. The smaller the particle size, 

the greater the impact on health endpoints. 

Table 5. Percent Change in Health Endpoints Associated with a 10µg/m
3 

Increase of 

Continuous Indoor PM1.0, PM2.5 and PM10 Concentration 

Health Endpoints 

Change (95% CI), % 

PM1.0 PM2.5 PM10 

Blood inflammation  

CRP 2.9 (-2.8, 8.6) 1.8 (-1.7, 5.2) 1.4 (-1.3, 4.0) 

Fibrinogen 8.4 (3.7, 13.2) * 5.1 (2.3, 8.0) * 4.0 (1.7, 6.2) * 

P-selectin 1.8 (-0.9, 4.5) 1.1 (-0.5, 2.7) 0.9 (-0.4, 2.1) 

MCP-1 8.0 (4.4, 11.6) * 4.9 (2.7, 7.0) * 3.8 (2.1, 5.4) * 

IL-1β 1.6 (-1.0, 4.2) 1.0 (-0.6, 2.6) 0.8 (-0.5, 2.0) 

IL-6 2.5 (-1.1, 6.2) 1.5 (-0.7, 3.7) 1.2 (-0.5, 2.9) 

TNF-α 1.1 (-5.9, 8.0) 0.6 (-3.6, 4.9) 0.5 (-2.8, 3.8) 

MPO 9.2 (5.0, 13.3) * 5.6 (3.1, 8.0) * 4.3 (2.4, 6.3) * 

Blood coagulation 

sCD40L 0.6 (-5.6, 6.7) 0.3 (-3.4, 4.1) 0.3 (-2.6, 3.2) 

PAI-1 8.1 (4.1, 12.2) * 4.9 (2.5, 7.4) * 3.8 (1.9, 5.7) * 

t-PA 7.0 (4.0, 10.1) * 4.3 (2.4, 6.2) * 3.3 (1.9, 4.8) * 

D-dimer 5.1 (0.5, 9.6) * 3.1 (0.3, 5.8) * 2.4 (0.3, 4.5) * 

Blood pressure and HR 
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Systolic pressure 0.4 (-1.8, 2.7) 0.3 (-1.1, 1.6) 0.2 (-0.9, 1.3) 

Diastolic pressure -0.1 (-2.3, 2.0) -0.1 (-1.4, 1.2) -0.1 (-1.1, 1.0) 

HR 3.4 (0.9, 5.9) * 2.0 (0.5, 3.6) * 1.6 (0.4, 2.8) * 

Lung function 

PEF 3.3 (-5.5, 12.1) 2.0 (-3.3, 7.4) 1.6 (-2.6, 5.7) 

FEV1 0.2 (-6.9, 7.2) 0.1 (-4.2, 4.4) 0.1 (-3.2, 3.4) 

FVC -1.6 (-9.1, 6.0) -1.0 (-5.6, 3.6) -0.8 (-4.3, 2.8) 

Respiratory inflammation and oxidative bio-makers 

FENO 6.8 (-4.5, 18.1) 4.1 (-2.7, 11.0) 3.2 (-2.1, 8.5) 

ROS 0.5 (-2.6, 3.6) 0.3 (-1.6, 2.2) 0.2 (-1.2, 1.7) 

GSH -3.0 (-7.1, 1.2) -1.8 (-4.3, 0.7) -1.4 (-3.3, 0.6) 

8-OHdG 2.1 (-2.0, 6.3) 1.3 (-1.2, 3.8) 1.0 (-0.9, 2.9) 

 

4 DISCUSSION 

During the trial, the average PM2.5 and PM10 concentrations outside the aged-care 

center were 60.8µg/m
3
 and 77.7µg/m

3
 respectively which exceeded the WHO air 

quality guidelines (25µg/m
3
 for PM2.5 and 50µg/m

3
 for PM10 based on 24h). Society 

and government need to make efforts to reduce air pollution outside the aged-care 

center. Portable air purifiers reduced PM1.0, PM2.5 and PM10 concentrations in the 

aged-care center from 27.3µg/m
3
, 45.6µg/m

3
 and 58.5µg/m

3
 to 7.3µg/m

3
, 12.7µg/m

3
 

and 16.0µg/m
3
 respectively, a reduction of 73%. Portable air purifier is an economical 

and effective way to immediately reduce indoor PM concentration.  

 

Our results point towards inflammation as pathways linking air pollution and 

cardiovascular disease and PM may promote the formation of blood clots in the 

elderly (Aryal et al. 2021; Brauer et al. 2021; Pan et al. 2016). Short-term indoor air 

filtration may have cardiovascular benefits. In this study, we found a modest decrease 
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in systemic inflammation，blood coagulation and oxidative stress indicators with air 

filtration, while the lung function of the elderly is insensitive to indoor particulate 

concentration. 

 

The relationship between exposure to air pollution and cardiovascular disease 

involves many pathophysiological pathways, such as systemic inflammation and 

coagulation. CRP is a reliable and independent predictor of incidents of 

cardiovascular events (Koenig W et al. 2006). In previous studies investigating the 

relationship between short-term and long-term PM exposure and CRP, some 

cross-sectional studies found that there was a positive correlation between exposure to 

PM and CRP (Michikawa et al. 2016; Pilz et al. 2018). A randomized double-blind 

crossover trial of short-term air purifier interventions among 35 healthy college 

students in Shanghai, China, also found that air filtration can lead to a reduction in 

CRP, but that the reduction was not significant (Chen et al. 2015). The sources of 

indoor PM in our study were similar to those in (Chen et al. 2015), both being 

infiltration of traffic-generated PM. However, our study found that a 48-hour air 

filtration intervention resulted in a borderline significant decrease in CRP in the 

elderly. It is suggested that CRP may be a sensitive acute systemic inflammation 

biomarker in the elderly. MPO, a pro-oxidant enzyme and indicator of neutrophil 

activation, is released by activated polymorphonuclear neutrophils and exhibits 

catalytic activity, generating a range of reactive oxidants and diffusible radical species. 
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These products are necessary for fighting invading microorganisms (Nicholls and 

Hazen 2009). Persistent high levels of the examined mediators, as well as acute 

changes, have been associated with an increased risk of cardiovascular events in large 

cohort studies (Koenig et al. 1999). In this study, the concentration of MPO 

significantly decreased with air filtration. Elevated levels of circulating MPO are 

considered a prognostic marker of mortality and predict the risk of subsequent major 

adverse cardiovascular events in patients with the acute coronary syndrome 

(Asselbergs et al. 2004). These blood biomarkers might therefore explain the link 

between exposure to ambient air pollution and increased cardiovascular diseases and 

T2D in the elderly (Liu et al. 2013). MCP-1 was found to be an important 

pro-inflammatory factor, which could influence a series of receptors in a cell and play 

a vital role in cardiovascular diseases, such as atherosclerosis (Deshmane et al. 2009). 

Indoor air filtration can significantly reduce the concentration of MCP-1 in the elderly. 

Different inflammatory factors of older people have different degrees of reduction 

after air filtration. It is because that the correlation between PM dose and cytokine 

production in cells is nonlinear because of others factors, such as pathways regulating 

cytokine secretion and synergistic and antagonistic effects of cell components at 

different concentrations (Chao et al. 2018; Gupta et al. 2015). 

 

In response to vessel destruction or inflammation, the human body responds by 

increasing the count of coagulation factors to enhance and complete the formation of 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

25 

 

thrombus, with fibrinogen playing a key role in this process (Gharibi et al. 2019; 

Gharibi et al. 2020). Previous studies have shown that the concentration of PM has a 

positive correlation with the concentration of fibrinogen (Jaafari et al. 2020; Wu et al. 

2012; Wu et al. 2014). These results are consistent with the results from our study, 

where we found that indoor PM filtration was associated with a significant reduction 

of fibrinogen in the older participants. A randomized double-blind intervention study 

of air purifiers for college students conducted under daily atmospheric conditions in 

Beijing, China, found that air filtration reduced fibrinogen in young people, but not 

significantly (Chen et al. 2015). In our study, there were significant changes in 

fibrinogen in the elderly participants, which may be due to decreased body function as 

the body ages, which might make them more susceptible to PM damage to their 

cardiovascular health. The potential health benefits of air filtration for the elderly are 

thus greater than for the general population. The biological mechanisms associated 

with exposure to PM and venous thromboembolism have not been fully identified, 

although one of the possible mechanisms that have been suggested is that of 

hypercoagulability and enhanced thrombosis (Mostafapour et al. 2018). In our study, 

we found that PAI-1, t-PA and D-dimer were significantly decreased after air filtration, 

which supports this idea. 

 

Our results also showed that air filtration can make FeNO decrease 13.97%, but the 

value was not significant. The air filtration was not significantly associated with the 
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lung function of the study subjects. Park et al. examined the effects of air filtration in 

children with asthma and/or allergic rhinitis, and the results demonstrated that the use 

of air purifiers reduced indoor PM2.5 concentrations and improved the evening PEF 

(Park et al. 2017). These results for children are not entirely consistent with our 

findings for the elderly. An investigation demonstrated that air filtration lowered 

PM2.5 concentration by 72.4%, but failed to detect a significant improvement in lung 

function (FEV1 and FVC) (Cui et al. 2018). Similarly, when the effectiveness of 

air-cleaning devices was evaluated at home in adult patients with asthma, Pedroletti et 

al. found no significant improvement in lung function, although the FeNO values 

decreased significantly (Pedroletti et al. 2009). These are consistent with our findings. 

It is necessary for further studies to determine how air filtration influences lung 

function. 

 

An increasing number of studies have shown that increased oxidative stress is a 

potential biological pathway behind the adverse health effects of ambient PM on 

cardiovascular health, respiratory health and nervous system health (Cioffi et al. 2019; 

Hecker 2018; Rao et al. 2018). Ambient PM is able to induce oxidative stress and 

pro-inflammatory events in the vascular system and central nervous system (Lawal 

2017). Once entered the circulation, nanoparticles can cause local oxidative stress and 

pro-inflammatory effects with consequent release of prothrombotic and inflammatory 

cytokines into the circulation, thereby increase cardiovascular disease risk by 
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promoting plaque rupture, vasoconstriction, thrombosis and arrhythmias (Mills et al. 

2009). In this study, the level of oxidative stress (ROS, GSH and 8-OHdG) were 

measured, which did not have significant change after short-term air filtration.  

 

PM with different sizes have different capabilities in inducing blood inflammation, 

blood coagulation and oxidative bio-makers. Comparing with PM10 and PM2.5, PM1.0 

had the highest capability in inducing these health endpoints. 

 

The main limitation of our research is that the study included only 24 elderly 

participants, which means that we might have missed some potentially important but 

modest differences attributable to the relatively small sample. For this reason, this 

research is considered to be exploratory. 

 

5 CONCLUSIONS 

The study suggests that indoor PM filtration can improve older people’s 

cardiovascular health by decreasing blood inflammation and blood coagulation. 

However, that the levels observed appear to be in the range that does not create 

measurable changes in the oxidative stress biomarker in this small population of 

elderly adults. The study also suggests that filtration appears to be an effective public 

health intervention to protect against impacts of outdoor air pollution on residents 

living in retirement facilities in cities with relatively high PM levels and thus 
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suggesting this is an effective public health intervention to test on larger populations 

in the future. 

 

Funding: 

This work was supported by the Fundamental Research Funds for the National 

Natural Science Foundation of China (Grant Number 52078076), the Fundamental 

Research Funds for the Central Universities (Project No. 2019CDYGYB023). 

 

References  

Amarloei A, Fazlzadeh M, Jafari AJ, Zarei A, Mazloomi S. 2020. Particulate matters 

and bioaerosols during middle east dust storms events in ilam, iran. Microchemical 

Journal 152. 

American Thoracic S, European Respiratory S. 2005. Ats/ers recommendations for 

standardized procedures for the online and offline measurement of exhaled lower 

respiratory nitric oxide and nasal nitric oxide, 2005. American journal of respiratory 

and critical care medicine 171:912-930. 

Arbex MA, Santos UDP, Martins LC, Saldiva PHN, Braga ALF. 2012. Air pollution 

and the respiratory system. Jornal Brasilro De Pneumologia 38:643-655. 

Aryal A, Harmon AC, Dugas TR. 2021. Particulate matter air pollutants and 

cardiovascular disease: Strategies for intervention. Pharmacology & therapeutics 

223:107890-107890. 

Asselbergs FW, Tervaert JWC, Tio RA. 2004. Prognostic value of myeloperoxidase in 

patients with chest pain. New England Journal Of Medicine 350:517-517. 

Belis CA, Karagulian F, Larsen BR, Hopke PK. 2013. Critical review and 

meta-analysis of ambient particulate matter source apportionment using receptor 

models in europe. Atmospheric Environment 69:94-108. 

Brauer M, Casadei B, Harrington RA, Kovacs R, Sliwa K. 2021. Taking a stand 

against air pollution-the impact on cardiovascular disease a joint opinion from the 

world heart federation, american college of cardiology, american heart association, 

and the european society of cardiology. Circulation 143:e800-e804. 

Brauner EV, Forchhammer L, Moller P, Barregard L, Gunnarsen L, Afshari A, et al. 

2008. Indoor particles affect vascular function in the aged: An air filtration-based 

intervention study. American journal of respiratory and critical care medicine 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

29 

 

177:419-425. 

Canha N, Lage J, Coutinho JT, Alves C, Almeida SM. 2019. Comparison of indoor air 

quality during sleep in smokers and non-smokers' bedrooms: A preliminary study. 

Environmental Pollution 249:248-256. 

Chao H-R, Hsu J-W, Ku H-Y, Wang S-L, Huang H-B, Liou S-H, et al. 2018. 

Inflammatory response and pm2.5 exposure of urban traffic conductors. Aerosol And 

Air Quality Research 18:2633-2642. 

Chen R, Zhao A, Chen H, Zhao Z, Cai J, Wang C, et al. 2015. Cardiopulmonary 

benefits of reducing indoor particles of outdoor origin: A randomized, double-blind 

crossover trial of air purifiers. Journal of the American College of Cardiology 

65:2279-2287. 

Cioffi F, Adam RHI, Broersen K. 2019. Molecular mechanisms and genetics of 

oxidative stress in alzheimer's disease. Journal Of Alzheimers Disease 72:981-1017. 

Cui X, Li F, Xiang J, Fang L, Chung MK, Day DB, et al. 2018. Cardiopulmonary 

effects of overnight indoor air filtration in healthy non-smoking adults: A 

double-blind randomized crossover study. Environment International 114:27-36. 

Dai X, Liu H, Chen D, Zhang J. 2018. Association between ambient particulate matter 

concentrations and hospitalization for ischemic heart disease (i20-i25, icd-10) in china: 

A multicity case-crossover study. Atmospheric Environment 186:129-135. 

Deshmane SL, Kremlev S, Amini S, Sawaya BE. 2009. Monocyte chemoattractant 

protein-1 (mcp-1): An overview. Journal Of Interferon And Cytokine Research 

29:313-326. 

Dockery DW, Stone PH. 2007. Cardiovascular risks from fine particulate air pollution. 

New England Journal Of Medicine 356:511-513. 

Gharibi H, Entwistle MR, Ha S, Gonzalez M, Brown P, Schweizer D, et al. 2019. 

Ozone pollution and asthma emergency department visits in the central valley, 

california, USA, during june to september of 2015: A time-stratified case-crossover 

analysis. The Journal of asthma : official journal of the Association for the Care of 

Asthma 56:1037-1048. 

Gharibi H, Entwistle MR, Schweizer D, Tavallali P, Cisneros R. 2020. The association 

between 1,3-dichloropropene and asthma emergency department visits in california, 

USA from 2005 to 2011: A bidirectional-symmetric case crossover study. Journal Of 

Asthma 57:601-609. 

Guan T, Hu S, Han Y, Wang R, Zhu Q, Hu Y, et al. 2018. The effects of facemasks on 

airway inflammation and endothelial dysfunction in healthy young adults: A 

double-blind, randomized, controlled crossover study. Particle & Fibre Toxicology 

15:30-. 

Gupta S, Basant N, Singh KP. 2015. Nonlinear qsar modeling for predicting 

cytotoxicity of ionic liquids in leukemia rat cell line: An aid to green chemicals 

designing. Environmental Science And Pollution Research 22:12699-12710. 

Hecker L. 2018. Mechanisms and consequences of oxidative stress in lung disease: 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

30 

 

Therapeutic implications for an aging populace. American Journal Of 

Physiology-Lung Cellular And Molecular Physiology 314:1642-1653. 

Hoek G, Brunekreef B, Goldbohm S, Fischer P, van den Brandt PA. 2002. Association 

between mortality and indicators of traffic-related air pollution in the netherlands: A 

cohort study. Lancet 360:1203-1209. 

Jaafari J, Naddafi K, Yunesian M, Nabizadeh R, Hassanvand MS, Shamsipour M, et al. 

2020. The acute effects of short term exposure to particulate matter from natural and 

anthropogenic sources on inflammation and coagulation markers in healthy young 

adults. The Science of the total environment 735:139417. 

Jhun I, Kim J, Cho B, Gold DR, Schwartz J, Coull BA, et al. 2019. Synthesis of 

harvard environmental protection agency (epa) center studies on traffic-related 

particulate pollution and cardiovascular outcomes in the greater boston area. Journal 

Of the Air & Waste Management Association 69:900-917. 

Karottki DG, Spilak M, Frederiksen M, Gunnarsen L, Brauner EV, Kolarik B, et al. 

2013. An indoor air filtration study in homes of elderly: Cardiovascular and 

respiratory effects of exposure to particulate matter. Environmental Health 12:1-10. 

Koenig W, Sund M, Frohlich M, Fischer HG, Lowel H, Doring A, et al. 1999. 

C-reactive protein, a sensitive marker of inflammation, predicts future risk of 

coronary heart disease in initially healthy middle-aged men - results from the monica 

(monitoring trends and determinants in cardiovascular disease) augsburg cohort study, 

1984 to 1992. Circulation 99:237-242. 

Koenig W, Khuseyinova N, Baumert J, Thorand B, Loewel H, Chambless L, et al. 

2006. Increased concentrations of c-reactive protein and il-6 but not il-18 are 

independently associated with incident coronary events in middle-aged men and 

women: Results from the monica/kora augsburg case-cohort study, 1984-2002. 

Arterioscler Thromb Vasc Biol 26:2745-2751. 

Lai AM, Clark S, Carter E, Shan M, Schauer JJ. 2019. Impacts of stove/fuel use and 

outdoor air pollution on chemical composition of household particulate matter. Indoor 

Air 30. 

Lambert KA, Markevych I, Yang B-Y, Bauer C-P, Berdel D, von Berg A, et al. 2021. 

Association of early life and acute pollen exposure with lung function and exhaled 

nitric oxide (feno). A prospective study up to adolescence in the giniplus and lisa 

cohort. The Science of the total environment 763:143006-143006. 

Lawal AO. 2017. Air particulate matter induced oxidative stress and inflammation in 

cardiovascular disease and atherosclerosis: The role of nrf2 and ahr-mediated 

pathways. Toxicology Letters 270:88-95. 

Li T, Hu R, Chen Z, Li Q, Huang S, Zhu Z, et al. 2018. Fine particulate matter 

(pm2.5): The culprit for chronic lung diseasesin china. Chronic diseases and 

translational medicine 4:176-186. 

Li YJ, Sun Y, Zhang Q, Li X, Li M, Zhou Z, et al. 2017. Real-time chemical 

characterization of atmospheric particulate matter in china: A review. Atmospheric 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

31 

 

Environment 158:270-304. 

Liu C, Ying Z, Harkema J, Sun Q, Rajagopalan S. 2013. Epidemiological and 

experimental links between air pollution and type 2 diabetes. Toxicologic Pathology 

41:361-373. 

Manikonda A, Zikova N, Hopke PK, Ferro AR. 2016. Laboratory assessment of 

low-cost pm monitors. Journal Of Aerosol Science 102:29-40. 

McGrath JA, Sheahan JN, Dimitroulopoulou C, Ashmore MR, Terry AC, Byrne MA. 

2017. Pm exposure variations due to different time activity profile simulations within 

a single dwelling. Building And Environment 116:55-63. 

Michikawa T, Okamura T, Nitta H, Nishiwaki Y, Takebayashi T, Ueda K, et al. 2016. 

Cross-sectional association between exposure to particulate matter and inflammatory 

markers in the japanese general population: Nippon data2010. Environmental 

Pollution 213:460-467. 

Mills NL, Donaldson K, Hadoke PW, Boon NA, MacNee W, Cassee FR, et al. 2009. 

Adverse cardiovascular effects of air pollution. Nature Clinical Practice 

Cardiovascular Medicine 6:36-44. 

Morawska L, Ayoko GA, Bae GN, Buonanno G, Chao CYH, Clifford S, et al. 2017. 

Airborne particles in indoor environment of homes, schools, offices and aged care 

facilities: The main routes of exposure. Environ Int 108:75-83. 

Mostafapour FK, Jaafari J, Gharibi H, Sepand MR, Hoseini M, Balarak D, et al. 2018. 

Characterizing of fine particulate matter (pm1) on the platforms and outdoor areas of 

underground and surface subway stations. Human And Ecological Risk Assessment 

24:1016-1029. 

Nicholls SJ, Hazen SL. 2009. Myeloperoxidase, modified lipoproteins, and 

atherogenesis. Journal Of Lipid Research 50:S346-S351. 

O'Leary C, Jones B, Dimitroulopoulou S, Hall IP. 2019. Setting the standard: The 

acceptability of kitchen ventilation for the english housing stock. Building And 

Environment 166. 

Olmo, N.R.S., Saldiva, P.H.D.N., Braga, A.L.F., et al. 2011. A review of low–level air 

pollution and adverse effects on human health: Implications for epidemiological 

studies and public policy. Clinics 66:681-690. 

Organization WH. 2014. Air quality guidelines - global update 2005. Public Health & 

Environment. 

Pan X, Gong YY, Martinelli I, Angelici L, Favero C, Bertazzi PA, et al. 2016. Fibrin 

clot structure is affected by levels of particulate air pollution exposure in patients with 

venous thrombosis. Environment International 92-93:70-76. 

Park H-K, Cheng K-C, Tetteh AO, Hildemann LM, Nadeau KC. 2017. Effectiveness 

of air purifier on health outcomes and indoor particles in homes of children with 

allergic diseases in fresno, california: A pilot study. Journal Of Asthma 54:341-346. 

Pedroletti C, Millinger E, Dahlen B, Soderman P, Zetterstrom O. 2009. Clinical 

effects of purified air administered to the breathing zone in allergic asthma: A 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

32 

 

double-blind randomized cross-over trial. Respiratory Medicine 103:1313-1319. 

Peled R. 2011. Air pollution exposure: Who is at high risk? Atmospheric Environment 

45:p.1781-1785. 

Phillips CL, Grunstein RR, Darendeliler MA, Mihailidou AS, Srinivasan VK, Yee BJ, 

et al. 2013. Health outcomes of continuous positive airway pressure versus oral 

appliance treatment for obstructive sleep apnea: A randomized controlled trial. 

American Journal of Respiratory & Critical Care Medicine 187:879-887. 

Pilz V, Wolf K, Breitner S, Rueckerl R, Koenig W, Rathmann W, et al. 2018. 

C-reactive protein (crp) and long-term air pollution with a focus on ultrafine particles. 

International journal of hygiene and environmental health 221:510-518. 

Protection CsMoE. 2013. Exposure factors handbook of chinese population: Adult 

edition. Beijing, China:China Environmental Science Press. 

Rao X, Zhong J, Brook RD, Rajagopalan S. 2018. Effect of particulate matter air 

pollution on cardiovascular oxidative stress pathways. Antioxidants & Redox 

Signaling 28:797-818. 

Segalin B, Fornaro A, Kumar P, Klemm O, Andrade MF, Trezza BM, et al. 2020. 

Chemical composition of quasi-ultrafine particles and their sources in elderly 

residences of são paulo megacity. Aerosol and Air Quality Research 20:1002-1015. 

Shao D, Du Y, Liu S, Brunekreef B, Meliefste K, Zhao Q, et al. 2017. 

Cardiorespiratory responses of air filtration: A randomized crossover intervention trial 

in seniors living in beijing beijing indoor air purifier study, biapsy. Science Of the 

Total Environment 603:541-549. 

Shrey K, Suchit A, Deepika D, Shruti K, Vibha R. 2011. Air pollutants: The key 

stages in the pathway towards the development of cardiovascular disorders. 

Environmental Toxicology And Pharmacology 31:1-9. 

Simkhovich BZ, Kleinman MT, Kloner RA. 2008. Air pollution and cardiovascular 

injury. Journal of the American College of Cardiology 52:719-726. 

Sun J, Shen Z, Niu X, Yu J, Zhang Y, Liu S, et al. 2020. Pm2.5 source profiles from 

typical chinese commercial cooking activities in northern china and its influences on 

bioreactivity of vascular smooth muscle cells (vsmcs). Atmospheric Environment 239. 

Wang C, Collins DB, Hems RF, Borduas N, Antinolo M, Abbatt JPD. 2018. Exploring 

conditions for ultrafine particle formation from oxidation of cigarette smoke in indoor 

environments. Environmental Science & Technology 52:4623-4631. 

Wu S, Deng F, Wei H, Huang J, Wang H, Shima M, et al. 2012. Chemical constituents 

of ambient particulate air pollution and biomarkers of inflammation, coagulation and 

homocysteine in healthy adults: A prospective panel study. Particle And Fibre 

Toxicology 9. 

Wu S, Deng F, Wei H, Huang J, Wang X, Hao Y, et al. 2014. Association of 

cardiopulmonary health effects with source-appointed ambient fine particulate in 

beijing, china: A combined analysis from the healthy volunteer natural relocation 

(hvnr) study. Environmental Science & Technology 48:3438-3448. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

33 

 

Xia X, Zhang A, Liang S, Qi Q, Jiang L, Ye Y. 2017. The association between air 

pollution and population health risk for respiratory infection: A case study of 

shenzhen, china. International journal of environmental research and public health 14. 

Yunesian M, Rostami R, Zarei A, Fazlzadeh M, Janjani H. 2019. Exposure to high 

levels of pm2.5 and pm10 in the metropolis of tehran and the associated health risks 

during 2016-2017. Microchemical Journal 150. 

Zhang D, Liu Y, Cheng C, Wang Y, Xue Y, Li W, et al. 2020. Dose-related effect of 

secondhand smoke on cardiovascular disease in nonsmokers: Systematic review and 

meta-analysis. International Journal Of Hygiene And Environmental Health 228. 

Zhang R, Liu G, Jiang Y, Li G, Pan Y, Wang Y, et al. 2018. Acute effects of particulate 

air pollution on ischemic stroke and hemorrhagic stroke mortality. Frontiers In 

Neurology 9. 

Zhang Y, Li B, Huang C, Yang X, Qian H, Deng Q, et al. 2013. Ten cities 

cross-sectional questionnaire survey of children asthma and other allergies in china. 

Chinese Science Bulletin 58:4182-4189. 

 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

34 

 

Author contributions： 

Miao Guo: Conceptualization, Writing - Original Draft, Visualization 

Chenqiu Du: Formal analysis, Data Curation.  

Baizhan Li: Methodology, Data Curation, Supervision. 

Runming Yao: Supervision, Writing - Review & Editing 

Hong Liu: Resources, Project administration. 

Yuping Tang: Visualization. 

Yi Jiang: Investigation. 

Hongjie Su: Investigation. 

Yixi Zhou: Investigation. 

Lexiang Wang: Formal analysis, Investigation. 

Xu Yang: Conceptualization, Writing - Review & Editing. 

Min Zhou: Validation, Investigation, Writing - Review & Editing. 

Wei Yu: Methodology, Formal analysis, Writing - Review & Editing, Supervision. 

 

All authors read and approved the final manuscript. 

 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

35 

 

Declaration of interests 

 

☒ The authors declare that they have no known competing financial interests or 

personal relationships that could have appeared to influence the work reported in this 

paper. 

 

☐The authors declare the following financial interests/personal relationships which may be 

considered as potential competing interests:  

 

 

 

 

 

  

 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

36 

 

 

Graphical abstract  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

37 

 

Highlights: 

 Air filtration led to a decrease in inflammatory and coagulation indicators 

 PM with smaller size has higher capability in inducing cardiopulmonary 

bio-makers 

 Air purifiers is an effective way to improve the elderly’s cardiopulmonary health  
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