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A B S T R A C T   

Background: Emerging studies have investigated potential cardiovascular and respiratory health impacts from the 
use of personal-level intervention equipment against air pollution exposure. The objective of this systematic 
review is to assess the efficacy of personal-level air pollution intervention on mitigating adverse health effects 
from air pollution exposure by using portable air cleaner or wearing respirator. 
Methods: In this systematic review, we searched PubMed and Web of Science for published literatures up to May 
31, 2020, focusing on personal-level air pollution intervention studies. Among these studies, we investigated the 
impacts on cardio-respiratory responses to the use of these interventions. The intervention of review interest was 
the use of personal-level equipment against air pollution, including using portable air cleaner indoors or wearing 
respirator outdoors. The outcome of review interest was impacts on cardio-respiratory health endpoints 
following interventions, including level changes in blood pressure, heart rate variability (HRV), lung function, 
and biomarkers of inflammation and oxidative stress. Weighted mean differences or percent changes were pooled 
in meta-analyses for these health endpoints. The heterogeneity across studies was assessed using the Cochran’s Q- 
statistic test, and the individual study quality was assessed using the Cochrane risk of bias tool version 2 (RoB 2). 
We further applied the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) 
method to evaluate the certainty of evidence. 
Results: From systematic literature search and screening, we identified 29 related eligible intervention studies, 
including 21 studies on indoor portable air cleaner use and 8 studies on respirator use. For portable air cleaner 
intervention, we observed suggestive evidence of beneficial changes on cardio-respiratory health endpoints. 
Collectively in these studies, we found significantly beneficial changes of 2.01% decreases (95% CI: 0.50%, 
3.52%) in systolic blood pressure, as well as non-significantly beneficial changes of 3.04% increases (95% CI: 
-2.65%, 8.74%) in reactive hyperemia index and 0.24% increases (95% CI: − 0.82%, 1.31%) in forced expiratory 
volume in 1 s. We also observed non-significant reductions in levels of inflammation and oxidative stress bio-
markers, including C-reactive protein, interleukin-6, fibrinogen, fractional exhaled nitric oxide and malondial-
dehyde. For respirator intervention, we observed some beneficial changes on cardiovascular health endpoints, 
such as significant increases in HRV parameters [SDNN (2.20%, 95% CI: 0.54%, 3.86%)], as well as non- 
significant decreases in blood pressure [SBP (0.63 mmHg, 95% CI: − 0.39, 1.66)]; however, no sufficient data 

Abbreviations: CRP, C-reactive protein; DBP, diastolic blood pressure; FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 second; Fib, 
fibrinogen; FVC, forced vital capacity; HEPA, high efficiency particulate air; HF, high frequency; HR, heart rate; HRV, heart rate variability; hs-CRP, high-sensitivity 
C-reactive protein; IL-6, interleukin-6; LF, low frequency; MD, mean difference; MDA, malondialdehyde; PC, percent change; PEF, peak expiratory flow; PM2.5, 
particulate matter with aerodynamic diameter less than 2.5 μm; RCT, randomized controlled trial; rMSSD, the square root of the mean of the squared differences 
between adjacent NN intervals; RHI, reactive hyperemia index; SBP, systolic blood pressure; SDNN, standard deviation of NN intervals; SNS, sympathetic nervous 
system; 8-OHdG, 8-hydroxy-2’-deoxyguanosine. 
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were available for meta-analyses on lung function and biomarkers. RoB 2 assessments suggested that most 
intervention studies were with a moderate to high overall risk of bias. The certainty of evidence for intervention 
outcome pairs was graded very low for either portable air cleaner or respirator intervention. The common 
reasons to downgrade study evidence included loss to follow-up, lack of blinding, lack of washout period, small 
sample size, and high heterogeneity across studies. 
Conclusions: The uses of indoor portable air cleaner and respirator could contribute to some beneficial changes on 
cardiovascular health, but with much limited evidence on respiratory health. Low certainty of the overall study 
evidence shed light on future research for larger sample size trials with more rigorous study design.   

1. Introduction 

Numerous epidemiological evidence has demonstrated the adverse 
effects of exposure to ambient air pollution, such as particulate matter 
(PM) exposure, on cardio-respiratory health (Brook et al. 2010; Pun 
et al. 2017; Rückerl et al. 2011). Short-term exposure to PM with 
aerodynamic diameter<2.5 μm (PM2.5) within hours through days is 
associated with increased risks of cardio-respiratory diseases, including 
myocardial infarction, cerebrovascular disease, heart failure, cardiac 
arrhythmia, respiratory infection, and exacerbation of chronic pulmo-
nary diseases (Brook et al. 2010; Chen et al. 2017; Dominici et al. 2006; 
Kelly and Fussell 2011). Several underlying pathways are likely to play 
critical roles in short-term PM exposure mediated cardio-respiratory 
responses, including sympathetic nervous system (SNS) activation, 
vascular dysfunction, oxidative stress, and systemic/pulmonary 
inflammation (Al-Kindi et al. 2020; Kelly and Fussell 2011; Kim et al. 
2017). In turn, these pathways can be expressed by changes in air 
pollution related health endpoints, such as increased blood pressure and 
C-reactive protein (CRP) levels, endothelial barrier disruption, and 
decreased lung function (Brook et al. 2010; Dauchet et al. 2018), which 
are responsible for eliciting acute cardio-respiratory events, such as 
heart attack, stroke, and hospital admission of airway diseases. 

In recent decades, air pollution reductions at various scales have 
been resulted from governmental air pollution control policy imple-
mentations, national political realignments, industrial facility employee 
strikes, or other measures taken during large-scale sporting events 
(Clancy et al. 2002; Hedley et al. 2002; Henschel et al. 2012; Schrauf-
nagel et al. 2019), which were associated with some beneficial impacts 
on public health. Besides these local or national scale interventions on 
reducing emissions of air pollution at sources, personal-level actions 
against air pollution have been proposed to reduce health risks from 
exposures during high-level air pollution episodes, including staying 
indoors or avoiding outdoor activity, cleaning indoor air by using air 
filtration equipment, limiting physical exertion, and wearing respirator 
(Laumbach et al. 2015; World Health Organization 2020; Zhu et al. 
2021). Notably, efficient reduction of air pollution exposure at personal- 
level may also provide benefits on mitigating the risks of air pollution- 
mediated acute health events, such as heart attack and asthma exacer-
bation (Rajagopalan et al. 2020). 

Several randomized intervention studies have been conducted to 
examine potential health impacts of personal-level air pollution in-
terventions, including using portable air cleaner indoors (Chen et al. 
2015b; Chuang et al. 2017; Cui et al. 2020; Shao et al. 2017) and 
wearing respirator outdoors (Anurekha et al. 2015; Langrish et al. 2012; 
Shi et al. 2017). Collectively, these studies have assessed the level 
changes in a suite of cardio-respiratory endpoints following personal- 
level interventions; however, the results largely varied across studies. 
In this review, we used some representative health endpoints that were 
commonly investigated in these intervention studies and showed with 
important roles in the pathways of air pollution induced cardio- 
respiratory responses, including blood pressure, heart rate, heart rate 
variability (HRV), lung function, systemic/pulmonary inflammation, 
and systemic oxidative stress (Al-Kindi et al. 2020; Brook et al. 2010; 
Losacco and Perillo 2018). The objective of this systematic review is to 
assess the efficacy of two types of personal-level intervention (using 

portable air cleaner indoors and wearing respirator outdoors) on miti-
gating adverse effects of air pollution on cardio-respiratory health (e.g., 
not at a laboratory or occupational setting). 

2. Methods 

2.1. Protocol and eligibility criteria 

A systematic literature search was conducted for personal-level air 
pollution intervention studies, with the uses of portable air cleaner in-
doors or respirators outdoors, up to May 31, 2020. We followed the 
Preferred Reporting Items for Systematic Review and Meta-analysis 
statement (PRISMA) checklist to report this systematic review steps 
(Table S1) (Moher et al. 2009). We selected studies based on the eligi-
bility criteria (inclusion and exclusion), which were structured by pop-
ulation, exposure (intervention), comparator, outcome and study design 
[PE(I)COS] items (Morgan et al. 2018): 

2.1.1. Population 
The population of review was people of all ages who were exposed to 

air pollution. We included both healthy population and vulnerable 
subgroups, such as children, elderly, and patients of chronic diseases. 
We also included non-occupationally exposed workers, such as office 
workers and taxi drivers. Nevertheless, we excluded populations work-
ing in occupationally exposed environments such as agriculture farms 
and industrial factories. 

2.1.2. Exposure (intervention) 
The personal-level intervention measures were the uses of portable 

air cleaner indoors or respirators outdoors to reduce exposures to air 
pollutants (PM2.5 as a surrogate) at individual levels. Both interventions 
are presumed to reduce exposure to all airborne particles (not only 
PM2.5) but with little impact on gaseous pollutants unless equipped with 
adsorbent. We excluded intervention studies being conducted under 
artificial (in chamber) or industrial environments, such as controlled 
and filtered experimental environments, or occupationally exposed en-
vironments. We also excluded studies using central ventilation or air 
cleaning system as intervention measures and studies on reducing ex-
posures to pollen, environmental tobacco smoke, or pet allergen. 

2.1.3. Comparator 
In these identified intervention studies, the health impacts of inter-

vention measures were generally assessed by comparing the level 
changes in cardio-respiratory health endpoints between with and 
without intervention measures. The comparator for each intervention 
measure was using sham portable air cleaner indoors and wearing sham 
or not wearing respirator outdoors, either in the same population (e.g. 
randomized crossover or self-controlled studies) or in the randomized 
different population (e.g. randomized parallel controlled studies). 

2.1.4. Outcome 
The health endpoints assessed in this review were clinical cardio- 

respiratory biomarkers that have been associated with health out-
comes, which were commonly assessed in identified intervention studies 
and available for meta-analyses. Following four types of representative 
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health endpoints of interest were included in this review: 1) cardio-
vascular biomarkers including systolic blood pressure (SBP), diastolic 
blood pressure (DBP), heart rate (HR), reactive hyperemia index (RHI) 
and heart rate variability (HRV) parameters [including standard devi-
ation of normal-to-normal intervals (SDNN), the square root of the mean 
of the squared differences between adjacent normal-to-normal intervals 
(rMSSD), low frequency (LF) and high frequency (HF)]; 2) lung function 
parameters including forced expiratory volume in 1 s (FEV1), peak 
expiratory flow (PEF) and forced vital capacity (FVC); 3) inflammation 
biomarkers including CRP (containing high-sensitivity C-reactive pro-
tein, hs-CRP, which were reported by some studies), interleukin-6 (IL-6), 
fibrinogen (Fib) and fractional exhaled nitric oxide (FeNO); and 4) 
oxidative stress biomarkers including 8-Hydroxylated deoxyguanosine 
(8-OHdG) and Malondiadehyde (MDA). Studies without health end-
points or merely with uninterested endpoints, namely not among the 
listed health endpoints, were excluded. 

2.1.5. Study design 
With regard to study design, we focused on randomized intervention 

studies, and excluded experimental studies of controlled exposures in 
chambers. All types of randomized intervention studies were included, 
such as randomized crossover studies, randomized parallel controlled 
studies and randomized self-controlled studies, without restriction on 
blind methods and intervention durations. 

2.2. Study search and selection strategy 

Electronic online databases included in PubMed (National Library of 
Medicine, Bethesda, MD, US) and Web of Science (Thompson Scientific, 
Philadelphia, PA, US) were searched to identify studies of review in-
terest up to May 31, 2020, which matched the PE(I)COS criteria. A va-
riety of search term combinations were used in literature search, for 
example (1) air filtration, air filter, air cleaner, air purification, air 
conditioner, high efficiency particulate air (HEPA), facemask, face 
mask, respirator; (2) air pollution, air pollutant, particulate matter, 
particles, air quality; (3) cardiovascular, respiratory, cardiopulmonary, 
cardiorespiratory, health, disease, illness, disorder; (4) effect, impact, 
benefit, improvement, advantage, change, effectivity, efficacy, 
response; and (5) randomized intervention study, randomized 
crossover/cross-over study, randomized controlled study/trial (RCT). 
Detailed information on literature search strategy are shown in Table S2. 
The reference lists of identified studies were further searched for addi-
tional studies. Studies published in English were included in this sys-
tematic review. 

In this review, three reviewers (SL, RW and YZ) independently 
conducted initial screening by study titles and abstracts identified from 
the literature searches. Full-text articles with potential relevance were 
independently appraised by four reviewers (SL, RW, YZ and WH) based 
on the PE(I)COS eligibility criteria. Any disagreements among the four 
reviewers were resolved through discussion. 

2.3. Data extraction and process 

To examine the efficacy of personal-level interventions, we evalu-
ated the changes of effect estimates on several health endpoints of re-
view interest, including representative cardiovascular and respiratory 
biomarkers that have been associated with health outcomes. After 
identifying studies for the systematic review and analyses, two re-
viewers (SL and RW) extracted study information independently. Dis-
crepancies were resolved through discussion between the two reviewers. 
Using a pre-defined standardized form, the following key information 
from each study was extracted and entered into a spreadsheet database 
using Microsoft Excel: citation details (first author and year of publi-
cation); study location; study population characteristics [participants, 
sample size, age, sex, body mass index (BMI)]; study design; details on 
intervention (intervention type, intervention equipment and setting, 

duration, washout period, filter type); air pollution exposure levels 
(indoor and outdoor PM2.5 concentrations for period with and without 
intervention); data analysis methods; health endpoints of review inter-
est; and study results. 

2.4. Risk of bias assessment 

A revised Cochrane risk of bias tool for randomized trials (RoB 2) was 
used to assess at outcome level for each individual study (Sterne et al. 
2019). RoB 2 is generally structured into five domains: 1) bias arising 
from the randomization process; 2) bias due to deviations from intended 
interventions; 3) bias due to missing outcome data; 4) bias in outcome 
measurement; 5) bias in selection of the reported results. Specifically, 
RoB 2 provides an additional domain for randomized crossover studies, 
which is the domain of assessing bias coming from period and carryover 
effect, and an addition domain for cluster-randomized studies, which is a 
specific domain of assessing bias arising from the timing of identification 
or recruitment of participants. We considered two-week as a sufficient 
washout period to eliminate carryover effects in randomized crossover 
studies based on a well-designed published study (Chen et al. 2015a), 
which investigated the impacts on most of the reviewed health end-
points by intervention. After responding to all signaling questions raised 
in each domain, the overall level of risk of bias (low, some concerns, and 
high) of each study-outcome pair was determined based on the summary 
of all domain-level judgements. 

In this review, the study design in all selected articles was applicable 
to the randomized study guideline of RoB 2, including individually/ 
cluster randomized crossover studies, individually/cluster randomized 
parallel controlled studies. Given that RoB 2 has not yet developed a 
version appropriate for cluster randomized crossover studies, we added 
some notes behind all domains for considering this specific bias from 
cluster design. RoB assessments and rationales were provided in Excel 
files (Appendix A and B). We also visualized the results of RoB assess-
ment through the tool of robvis (McGuinness and Higgins 2020), and 
created “traffic light” plots of the domain-level judgements for each 
study-outcome pair as well as summary plots of all study-outcome pairs. 
The RoB 2 assessment was conducted independently by two reviewers 
(SL and RW), and any disagreements were resolved through discussion. 
A 20% randomly selected articles were assessed by the senior researcher 
(WH) for crosschecking. 

2.5. Data synthesis and meta-analysis 

Three types of effect estimates were presented across identified 
studies: 1) mean and standard deviation (SD) of health endpoints’ levels 
under each model of intervention (using and not using portable air 
cleaners; wearing and not wearing respirators); 2) absolute mean dif-
ference (MD) and 95% confidence interval (CI) of health endpoints’ 
levels by intervention based on statistical models (e.g. linear mixed- 
effect model); and 3) percent change (PC) and 95% CI of health end-
points’ levels by intervention based on statistical models. In meta-anal-
ysis, to keep the maximum number of studies, we used the formats of the 
last two types, either MD (95% CI) or PC (95% CI). For example, the 
results in one respiratory study (Kumarathasan et al. 2018) cannot be 
transformed into PC, and MD was then used in meta-analyses to retain 
this study. The result reported as MD can be converted into PC using a 
formula of [MD ÷ M] × 100%, where M is the mean value of health 
endpoint in the sham intervention. The result reported as PC can be 
converted into MD using the product of estimated PC and the mean 
value (M) in the sham intervention. The effect estimates reported as 
mean and SD (the first type) were correspondingly transformed into MD 
or PC. 

A meta-analysis was performed when three or more studies were 
available for each pair of the interventions (either using portable air 
cleaner or wearing respirator) and the interested health endpoints (Shah 
et al. 2013). We applied the Cochran’s Q-statistics (the Chi2 test) to 
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evaluate the heterogeneity across studies with a significance level < 0.1, 
and then assessed the magnitude of heterogeneity using I2-statistic value 
(I2-statistic > 50% indicates high, 25–50% indicates moderate and <
25% indicates low heterogeneity) (Ioannidis et al. 2007). In general, the 
magnitude of heterogeneity is usually used to select either fixed- or 
random-effects models in meta-analyses. When the magnitude of het-
erogeneity is large (e.g. I2 > 50% and P value in Chi2 test < 0.1), effect 
estimates yielded by fixed- and random-effects models are quite 
different; otherwise, when the heterogeneity is not significant and I2 is 
not large, the results from two models are very similar and even the same 
(when I2 = 0%). Given that random-effects models prefer to capture 
uncertainty derived from between-study heterogeneity and give more 
weight to smaller studies (Barili et al. 2018), we decided to apply 
random-effects models in all meta-analyses. Different weights were 
assigned to individual studies using inverse-variance weighting method. 
We also visually examined possible publication bias using funnel plots 
followed by Egger’s regression tests. 

To explore possible sources of heterogeneity, subgroup analysis and 
meta-regression were conducted using potential candidate moderators. 
We performed pre-specified subgroup analyses in portable air cleaner 
studies by RoB assessment (low, some concerns, and high), study 
continent (East Asia, Europe, North America), intervention location 
(home and school), and study population (children, elderly, healthy 
adults, and mixed age participants). In respirator studies, subgroup an-
alyses were applied by RoB assessment, study continent and study 
population (healthy adults and patients). To avoid huge amount of re-
sults for similar health endpoints, several representative health end-
points were chosen in the subgroup analyses, including SBP, FEV1, CRP 
and FeNO for portable air cleaner studies, and SBP and SDNN for 
respirator studies. These health endpoints represented different clinical 
meanings and had relative larger number of studies (≥5) for meta-ana-
lyses. Q-tests were used to test subgroup differences. Additionally, we 
performed meta-regression analyses by indoor PM2.5 concentration 
during sham intervention, reduction level of PM2.5, age, sex, BMI, and 
intervention duration for these selected health endpoints. All statistical 
analyses and graphics were performed in the metafor and meta packages 
in statistical software R, version 4.0.1. 

2.6. Evaluation of certainty of evidence 

The Grading of Recommendations Assessment, Development, and 
Evaluation (GRADE) has been widely used in systematic reviews as an 
evaluation tool to assess the certainty of evidence on whether an effect 
estimate is close to the quantity of specific interest (Guyatt et al. 2008; 
Morgan et al. 2016). The assessment was based on outcome-specific 
groups of studies rather than an assessment for each individual study. 
We started initial assessment on certainty level of evidence rating at high 
(very confident that the true effect lies close to the effect estimate) for 
randomized intervention studies. The high certainty level can be further 
downgraded or upgraded based on following GRADE domains: 1) five 
considerations for lowering certainty, which were Risk of bias, Incon-
sistency, Indirectness, Imprecision, and Publication bias; and 2) three 
considerations for raising certainty, which were Large effect size, Dose- 
response gradient, and All plausible confounding. Detailed rationale for 
either downgrading or upgrading the certainty of evidence were elab-
orated in Table S8. In this review, consistent with the standard GRADE 
framework, the certainty of evidence has been graded as high, moderate, 
low or very low. Two reviewers (SL and RW) assessed the certainty 
independently and reached a consensus view through discussion with 
the third reviewer (WH). 

3. Results 

3.1. Search results 

The systematic identification steps for eligible studies are 

summarized in Fig. 1. We retrieved 418 articles in PubMed and Web of 
Science by keywords (Table S2) and identified one additional article 
from reference lists. After duplication screen, 395 articles left for title 
and abstract screen, resulting to 55 relevant articles remained for full- 
text review. We further excluded 26 articles not matching the PE(I) 
COS eligibility criteria. Of the 29 eligible studies identified in this sys-
tematic review, 21 studies examined the health impacts of indoor 
portable air cleaner use against air pollution exposure, and the other 8 
studies examined the health impacts of respirator use outdoors. 

3.2. Study characteristics 

Characteristics of study population and health endpoint in included 
portable air cleaner and respirator intervention studies are summarized 
in Table 1, and more detailed information on intervention equipment 
and PM2.5 levels was shown in Table S3. We further presented the 
proportion of important characteristics, such as study site, study popu-
lation, study design, intervention period, equipment types, intervention 
location, and health endpoints of review interest in Tables S4-S7. 

3.2.1. Study sites and population 
As shown in Table 1, Table S3 and Table S4, identified studies were 

conducted in East Asia, North America, and Northern Europe. Among 
the 21 indoor portable air cleaner studies, 11 studies were conducted in 
North American (n = 8) and Nordic (n = 3) countries, and 10 studies in 
East Asian countries. Among 8 respirator studies, 5 studies was con-
ducted in China, and the other 3 studies were in USA and Canada. 
Table 1 and Table S4 also summarize the characteristics of study pop-
ulation, including children, elderly, healthy adults, patients, and non- 
occupational workers. The most commonly investigated study popula-
tion was healthy adults in both portable air cleaner studies (n = 8; 
38.1%) and respirator studies (n = 7; 87.5%). 

3.2.2. Study design and intervention 
Characteristics of study design, blind method, as well as intervention 

duration, equipment and location are shown in Table 1, Table S3 and 
Table S5. Briefly, the vast majority of studies were randomized crossover 
studies, including 18 portable air cleaner studies (86%) and all respi-
rator studies (100%). Most of portable air cleaner studies (14 out of 21) 
applied double-blind design, whereas most respirator studies (5 out of 8) 
were open-blind (unblinded) design. The conditions of using or not 
using sham interventions are the same as the situation of blind design 
(Table S5). Open-blind design indicated that the assigned intervention 
measures are unblinded to anyone, and single- or double-blind design 
indicated blinding to participants and/or other researchers (Table 1). 
For intervention duration, most of portable air cleaner studies were 
conducted in a short of period (several days or weeks), except for two 
studies with up to 12-month interventions (Chuang et al. 2017; Jhun 
et al. 2017). The intervention durations in respirator studies were all<2 
days. As for intervention equipment, the vast majority of portable air 
cleaner studies applied HEPA filters (76.2%) and physical respirators 
with HEPA (n = 2), FFP1 (n = 2), N95 (n = 3), or KN90 (n = 1) standard 
filters (100%) in respirator studies. There was no air cleaner or respi-
rator interventions using adsorbents and most electrostatic air cleaner 
were equipped with activated carbon filter to absorb ozone produced by 
the air cleaner as a by-product (Table S3). For intervention location, the 
majority of portable air cleaner studies were conducted at homes (n =
14) and the majority of respirator studies were near traffic roads (n = 5). 

3.2.3. Health endpoints of review interest 
The characteristics of health endpoints of review interest in portable 

air cleaner intervention studies are shown in Table 1, Table S3 and 
Table S6. Among 21 identified studies, for cardiovascular biomarker, 13 
studies assessed the changes on blood pressure (SBP and DBP). Effect 
estimates reported in 12 studies for SBP and 11 studies for DBP were 
included in meta-analysis. All 5 and 3 studies assessed the changes on 

S. Liu et al.                                                                                                                                                                                                                                       



Environment International 158 (2022) 106981

5

RHI and SDNN were included in meta-analyses, respectively. For HR, 
rMSSD, LF and HF, no meta-analysis was performed due to inadequate 
number of studies (<3). For lung function parameters, meta-analyses 
were performed for most of studies on FEV1 (n = 7), FVC (n = 5), and 
PEF (n = 8). For inflammation biomarkers, 7 out of 10 studies for CRP, 6 
out of 9 studies for IL-6, 4 out of 5 studies for Fibrinogen, and all 7 
studies for FeNO were included in meta-analyses. For oxidative stress 
biomarkers 8-OHdG and MDA, only 4 out of 5 studies on MDA were 
included in meta-analyses. 

Table 1, Table S3 and Table S7 present the characteristics of health 
endpoints in respirator intervention studies. Among 8 respirator studies, 
the vast majority of studies assessed the respirator impacts on blood 
pressure, HR and HRV parameters. Few studies (≤2) evaluated the im-
pacts on RHI and biomarkers of inflammation (IL-6 and Fibrinogen) and 
oxidative stress (MDA), and no study was on lung function. Therefore, 
only the numbers of studies on blood pressure, HR and HRV parameters 
were sufficient for eligible meta-analyses. Detailed reasons of excluding 
studies from meta-analyses are shown in Table S8. 

3.3. Effects on the measures 

3.3.1. Indoor portable air cleaner studies 

3.3.1.1. Cardiovascular biomarkers. For the indoor portable air cleaner 
intervention studies, as presented in Fig. 2, we observed beneficial 
changes on SBP, DBP and RHI, but not for SDNN, by using portable air 
cleaner. Most of included studies (83.3%) on SBP reported reductions of 
SBP levels by using portable air cleaner, resulting in a significant pooled 
estimate of − 2.01% (95% CI: − 3.52%, − 0.50%). The pooled estimates 
for DBP, RHI and SDNN were − 1.03% (95% CI: -3.01%, 0.96%), 3.04% 
(95% CI: -2.65%, 8.74%), and − 0.71% (95% CI: − 3.85%, 2.43%), 
respectively. No single study, except for one study on SDNN (Morishita 
et al. 2018), was observed with a large weight (Fig. 2). High heteroge-
neity was observed among included studies for SBP (I2 = 68.5%), DBP 
(I2 = 68.7%) and RHI (I2 = 52.6%), which were supported by the Chi2 

test (p < 0.1). We did not observed any evidence of publication biases in 
the funnel plots and the Egger’s regression test (Figure S1). 

3.3.1.2. Lung function parameters. The meta-analyses results on three 
lung function parameters are presented in Fig. 3. We found non- 
significant beneficial changes on FEV1 [0.24% (95% CI: -0.82%, 
1.31%)] and PEF [2.12% (95% CI: -1.02%, 5.26%)] by using portable air 

Fig. 1. PRISMA flow diagram illustrating the stages of assessment for eligible studies published between 1 January 1950 and 31 May 2020.  
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Table 1 
Summary of characteristics of portable air cleaner and respirator intervention studies in systematic review.  

Author and year Study site Study subject Number of 
subjects for 
analysis 

Age, years Men, 
% 

BMI, kg/m2 Study design Blind* Intervention Washout period Statistical methods Health outcomes of 
interest 

Skulberg et al. 
2005 

Oslo, Norway Non-smoking official 
workers with airways 
symptoms 

70 (active 35, 
control 35) 

N/A 46% N/A An individually 
randomized parallel 
controlled study 

Double- 
blind 

Portable air 
cleaner 

Not applicable Linear regression PEF 

Bräuner et al. 
2008 

Copenhagen, 
Denmark 

Non-smoking healthy 
elderly 

41 Median 67 
(range 60 to 
75) 

50% 25 ± 3.24 A cluster 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

No washout 
period 

Linear mixed-effects 
model 

RHI, SBP, DBP, CRP, 
fibrinogen, IL-6 

Allen et al. 2011 British Columbia, 
Canada 

Non-smoking healthy 
adults 

45 43.0 ± 9.9 47% 25.7 ± 3.5 A cluster 
randomized 
crossover study 

Single- 
blind 

Portable air 
cleaner 

No washout 
period 

Linear mixed-effects 
model 

SBP, DBP, RHI, CRP, IL-6, 
urinary-MDA, 

Karottki et al. 
2013 

Copenhagen, 
Denmark 

Non-smoking elderly 48 67 ± 6.5 46% 25 ± 3.1 A cluster 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

No washout 
period 

Linear mixed-effects 
model 

RHI, SBP, DBP, CRP 

Weichenthal 
et al. 2013 

Manitoba, Canada Communicity residents 
with smokers 

32 (SBP), 28 
(DBP), 26 
(others) 

Mean 32 
(range 11 to 
64) 

43% Mean 29.5 
(range 17 to 
41) 

A cluster 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

7 days washout 
period 

Linear mixed-effect 
model 

RHI, SBP, DBP, FEV1, 
FVC, PEF 

Chen et al. 2015 Shanghai, China Non-smoking healthy 
college students 

35 23 ± 2 29% 22 A cluster 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

14 days washout 
period 

Two-sample 
Wilcoxon ranksum 
test and linear 
mixed-effect model 

CRP, Fibrinogen, IL-6, 
FVC, FEV1, PEF, SBP, 
DBP, FeNO 

Kajbafzadeh 
et al. 2015 

Vancouver, 
Canada, 

Non-smoking healthy 
adults 

68 (RHI) or 
52 (CRP, IL- 
6) 

43.8 ± 12.8 47% 24.9 ± 4.0 A cluster 
randomized 
crossover study 

Single- 
blind 

Portable air 
cleaner 

No washout 
period 

Paired t test RHI, CRP, IL-6 

Padró-Martínez 
et al. 2015 

Somerville, USA Non-smoking adult 
residents living near a 
highway 

20 53.6 ± 9.2 20% Median 31.5 
(range 20 to 
72) 

An individually 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

No washout 
period 

Paired t test CRP, IL-6, Fibrinogen, 
SBP, DBP 

Brugge et al. 
2017 

Boston or Chelsea, 
USA 

Non-smoking adults (a 
majority had diabetes 
and/or hypertension) 

23 64.1 (range 
52–78) 

22% median 31.6 
(range 
24.4–49.9) 

An individually 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

No washout 
period 

Linear mixed effects 
model 

CRP, IL-6 

Chuang et al. 
2017 

Taipei, Taiwan Non-smoking healthy 
homemakers 

200 43.4 ± 7.6 50% 23.6 ± 2.4 An individually 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

No washout 
period 

Paired t test SBP, DBP, CRP, 8-OHdG, 
Fibrinogen. 

Jhun et al. 2017 the North-eastern, 
USA 

Children with asthma 25 (active 12, 
control 13) 

Mean 8.1 
(range 6 to 
10) 

40% N/A A cluster 
randomized parallel 
controlled study 

Single- 
blind 

Portable air 
cleaner 

Not applicable Linear mixed-effect 
model 

PEF, FEV1 

Li et al. 2017 Shanghai, China Non-smoking healthy 
young adults 

55 20.2 ± 1.3 51% 21.1 ± 2.6 A cluster 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

12 days washout 
period 

Linear mixed-effect 
model 

SBP, DBP, urinary 8- 
OHdG, serum MDA, CRP, 
IL-6 

Park et al. 2017 California, USA Children with asthma 
and/or allergic rhinitis 

17 (active 9, 
control 8) 

12.30 ± 1.5 41% N/A An individually 
randomized parallel 
controlled study 

Open- 
blind 

Portable air 
cleaner 

Not applicable Student t test PEF 

Shao et al. 2017 Beijing, China Non-smoking elderly 
with COPD patients 

35 66.26 ±
7.71 

57% 24.5 ± 3.72 A cluster 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

No washout 
period 

Linear mixed-effect 
model 

FEV1, IL-6, CRP, 
Fibrinogen, 8-OHdG, 
ambulatory (SBP, DBP, 
SDNN, rMSSD, LF, HF) 

Cui et al. 2018 Shanghai, China Non-smoking healthy 
adults 

70 22.0 ± 1.6 41% 21.2 ± 2.1 A cluster 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

2 week washout 
period 

Linear mixed-effect 
models 

FEV1, FVC, FeNO, SBP, 
DBP, HR, IL-6, Urinary 
MDA 

Morishita et al. 
2018 

Michigan, USA Non-smoking elderly 
living in low income 
residential building 

40 or 34 67 ± 8 62% 32.7 ± 7.0 An individually 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

1 week washout 
periods 

Linear mixed-effect 
models 

SBP, DBP, SDNN 

Dong et al., 2019 Beijing, China Healthy children 44 12.4 ± 0.8 55% 18.7 ± 3.3 A cluster 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

2 months 
washout period 

Paired t tests and 
linear mixed-effect 
model 

FEV1, PEF, FeNO, SBP, 
DBP, HR, SDNN, LF, HF, 
MDA 

(continued on next page) 
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Table 1 (continued ) 

Author and year Study site Study subject Number of 
subjects for 
analysis 

Age, years Men, 
% 

BMI, kg/m2 Study design Blind* Intervention Washout period Statistical methods Health outcomes of 
interest 

Cui et al., 2020 Shanghai, China Children with asthma 43 Median 7 
(range 5 to 
13) 

60% N/A An individually 
randomized 
crossover study 

Double- 
blind 

Portable air 
cleaner 

2 weeks washout 
period 

Linear mixed-effect 
models 

FeNO, FVC, FEV1, PEF 

Lee et al., 2020 Incheon and 
Gyeonggi-do 
regions, Korea 

Children with asthma 30 9.2 ± 1.98 83% 19.2 ± 4.6 An individually 
randomized 
crossover study 

Single- 
blind 

Portable air 
cleaner 

2 weeks washout 
period 

ANOVA PEF, FeNO 

Yoda et al. 2020 Hanshin area, 
Japan 

Non-smoking healthy 
adults 

32 41.2 ± 7.5 31% 21.8 ± 3.2 An individually 
randomized 
crossover study 

Single- 
blind 

Portable air 
cleaner 

4 weeks washout 
period 

Linear mixed-effect 
model 

FVC, FEV1, PEF, FeNO 

Zhao et al. 2020 Beijing, China Non-smoking young 
healthy adults 

29 21.8 ± 2.1 20.69% 20.7 ± 2.3 A cluster 
randomized 
crossover study 

Single- 
blind 

Portable air 
cleaner 

At least 2 weeks Student’s t-tests or 
Wilcoxon tests 

SBP, DBP, FVC, FEV1, 
PEF, FeNO, MDA 

Langrish et al. 
2009 

Beijing, China Non-smoking healthy 
adults 

15 Median 28 
(range 20 to 
45) 

13% Mean 20.5 
(95% CI: 19.3, 
21.7) 

An individually 
randomized 
crossover study 

Open- 
blind 

Respirator At least 7 days 
washout period 

Paired t test SBP, DBP, HR, rMSSD, 
SDNN, LF, HF 

Langrish et al. 
2012 

Beijing, China Non-smoking patients 
with coronary heart 
disease 

98 62 ± 7 87% 26 ± 3 An individually 
randomized 
crossover study 

Open- 
blind 

Respirator At least 7 days 
washout period 

Paired t test SBP, DBP, HR, rMSSD, 
SDNN, LF, HF 

Laumbach et al. 
2014 

New Jersey, USA Non-smoking healthy 
adults 

20 Mean 22.4 
(range 18 to 
41) 

71% Mean 23.8 
(range 19.50 to 
28.66) 

An individually 
randomized 
crossover study 

Single- 
blind 

Respirator Above 7 days and 
below 6 weeks 
washout period 

Linear mixed-effect 
model 

SDNN, rMSSD, LF, HF, 
HR, MDA, 

Shi et al. 2017 Shanghai, China Non-smoking healthy 
college students 

24 23 54.20% 22 ± 4 An individually 
randomized 
crossover study 

Open- 
blind 

Respirator 21 days washout 
period 

Paired t tests and 
linear mixed-effect 
model 

SBP, DBP, LF, HF, SDNN, 
rMSSD, Fibrinogen 

Guan et al., 2018 Beijing, China Non-smoking young 
healthy adults 

15 20.0 ± 1.0 0.47 19.1 ± 2.0 An individually 
randomized 
crossover study 

Double- 
blind 

Respirator 1 month washout 
interval 

Paired t test IL-6, MDA 

Kumarathasan 
et al. 2018 

Ontario, Canada Non-smoking healthy 
college students 

52 Median 
23.0 (5th- 
95th: 
18–34) 

46% Median 25.3 
(5th-95th: 
19.6–35.5) 

An individually 
randomized 
crossover study 

Open- 
blind 

Respirator 9 days washout 
period 

Linear mixed-effect 
model 

SBP, DBP, HR 

Yang et al. 2018 Beijing, China Non-smoking young 
healthy college 
students 

39 21.2 ± 1.7 54% 21.6 ± 1.7 An individually 
randomized 
crossover study 

Open- 
blind 

Respirator 2 weeks washout 
period 

Student’s t tests and 
linear mixed-effect 
model 

LF, HF, SDNN, rMSSD, 
HR, SBP, DBP 

Morishita et al. 
2019 

Michigan, USA Non-smoking healthy 
adults 

50 or 35 (for 
RHI) 

36 ± 14 28% 26.1 ± 4.7 An individually 
randomized 
crossover study 

Single- 
blind 

Respirator 2 days washout 
period 

Linear mixed-effect 
model 

LF, HF, SDNN, HR, SBP, 
DBP, RHI 

Abbreviations: ANOVA, one-way analysis of variance; CRP, C-reactive protein; DBP, diastolic blood pressure; FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 s; Fib, fibrinogen; FVC, forced vital 
capacity; HF, high frequency; HR, heart rate; IL-6, interleukin-6; LF, low frequency; MDA, malondialdehyde; PEF, peak expiratory flow; RHI, reactive hyperemia index; rMSSD, the square root of the mean of the squared 
differences between adjacent NN intervals; SBP, systolic blood pressure; SDNN, standard deviation of NN intervals; 8-OHdG, 8-hydroxy-2′-deoxyguanosine. 
*: Double-blind indicated that both study participants and all/part of researchers (administrators of the intervention, outcome assessors, or data analysts) were blinded to the assigned intervention. Open-blind indicated 
unblinded to anyone. For portable air cleaner studies, single-blind indicated that only study participants were blinded to the assigned intervention. We also defined studies as single-blind if there is no clear information 
about researchers being blinded in the articles. For respirator studies, single-blind in Laumbach et al. 2014 was blinded to participants and techniques, and in Morishita et al. 2019 was blinded to analysts. 
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Fig. 2. Forest plots of the effect estimates (percent change) reported in indoor portable air cleaner intervention studies for available cardiovascular 
biomarkers including SBP, DBP, RHI and SDNN. The results under “Active-mode” and “Sham-mode” represent health endpoint levels [SBP (mmHg), DBP (mmHg), 
RHI (/) and SDNN (ms)] of using and not using indoor portable air cleaners, respectively. 

Fig. 3. Forest plots of the effect estimates (percent change) reported in portable air cleaner intervention studies for three lung function parameters 
including FEV1, PEF and FVC. The results under “Active-mode” and “Sham-mode” represent health endpoint levels [FEV1 (L), PEF (L/min) and FVC (L)] of using 
and not using indoor portable air cleaners, respectively. 
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cleaners, following moderate heterogeneity across studies (I2 = 39.5% 
and 36.6%). For FVC, while most included studies reported positive 
changes by using portable air cleaners, no beneficial changes observed 
in meta-analysis, with a pooled estimate of 0% (95% CI: -0.06%, 0.07%), 
which could be driven by one large weighted study (99.7%) (Yoda et al. 
2020). After excluding this largely weighted study, the pooled estimate 
for FVC was 0.24% (95% CI: -0.90%, 1.38%), which increased slightly 
but remained non-significant. No significant publication bias was 
observed for the three lung function parameters by funnel plots and 
Egger’s test (Figure S2). 

3.3.1.3. Biomarkers of inflammation and oxidative stress. Fig. 4 presents 
the effect estimates of portable air cleaner intervention studies on 
cardio-respiratory related inflammation and oxidative stress bio-
markers, including CRP, IL-6, Fib, FeNO and MDA. We observed non- 
significant decreases for all biomarkers by using portable air cleaner, 
with pooled estimates of − 14.38% (95% CI: -47.04%, 18.27%) for CRP, 
− 6.04% (95% CI: -13.14%, 1.07%) for IL-6, − 0.88% (95% CI: -2.70%, 
0.94%) for Fib, − 7.02% (95% CI: -15.15%, 1.11%) for FeNO, and 
− 1.40% (95% CI: -14.64%, 11.83%) for MDA. We observed high het-
erogeneity among included studies on CRP and FeNO (I2 = 97.0% and 
67.7%). In general, no single study had a large weight in meta-analyses, 
and no evidence of publication bias was observed (Figure S3). 

3.3.2. Respirator studies — Cardiovascular biomarkers 
For the eight respiratory studies, only SBP, DBP, HR and HRV pa-

rameters are available for the calculation of pooled estimates in meta- 
analyses, and results are presented in Fig. 5. Overall, we found non- 
significant beneficial changes for blood pressure and HR, but signifi-
cant beneficial changes for HRV parameters (except for LF) by wearing 
respirators. In specific, the pooled estimate (mean difference) was 
− 0.63 mmHg (95% CI: -1.66, 0.39) for SBP, − 0.05 mmHg (95% CI: 

-0.59, 0.48) for SBP, and 0.04 bpm (-0.80, 0.88) for HR. For HRV pa-
rameters, we observed significant pooled estimates (percent changes) 
for SDNN, rMSSD and HF, which were 2.20% (95% CI: 0.54%, 3.86%), 
6.46% (95% CI: 4.28%, 8.63%) and 18.84% (95% CI: 14.21%, 23.48%), 
respectively. Low heterogeneity across studies was observed for most 
cardiovascular biomarkers, with the exception of moderate heteroge-
neity for SBP and HR (I2 = 34.8% and 34.3%). There was no evidence of 
publication bias observed in the funnel plots except for SBP (p = 0.02 in 
Egger’s test) (Figure S4). 

3.4. Risk of bias assessment 

Fig. 6 presents an overall summary of risk of bias assessments for all 
included portable air cleaner studies (a total of 104 outcome-study 
pairs) and respirator studies (a total of 46 outcome-study pairs). Over-
all, most of the portable air cleaner studies were graded with moderate 
to high risk of bias, and no respirator study was assessed with low risk of 
bias partially because of open-blind or single-blind design. The other 
common reasons for either portable air cleaner or respirator studies 
rated with moderate to high level of risk of bias were due to a large 
proportion of dropout or missing outcome data, as well as lack of suf-
ficient washout period or use unpaired statistical methods in random-
ized crossover studies. The detailed rationales and notes for each domain 
of individual assessment are documented in Appendix A and B in sup-
plementary Excel files. In addition, the visualized evaluations of each 
domain-level risk of bias for each health endpoints are presented in 
“traffic light” plots in Figure S5 to S11, following summary plots 
grouped by predetermined four types of health endpoints and two ap-
proaches of interventions. 

Fig. 4. Forest plots of the effect estimates (percent change) reported in portable air cleaner intervention studies for available biomarkers of systemic and 
respiratory inflammation and oxidative stress, including CRP, IL-6, Fib, FeNO and MDA. The results under “Active-mode” and “Sham-mode” represent 
biomarker levels [CRP (mg/dL), IL-6 (pg/mL), Fib (mg/mL), FeNO (ppb) and MDA (μM)] of using and not using indoor portable air cleaners, respectively. 
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3.5. Subgroup and meta-regression analyses 

Limited number of studies on each health endpoint restricted the 
subgroup meta-analyses. For some endpoints, comparing the difference 
between subgroup estimates needs cautions due to insufficient number 
of studies in each subgroup. Figure S12 and S13 present the results of 
subgroup analyses for portable air cleaner and respirator studies by risk 
of bias assessment, study continent, intervention location, and study 
subject. In general, there were non-significant differences between 
different subgroups for selected health endpoints (SBP, SDNN, FEV1, 
CRP and FeNO). Additionally, in meta-regression analyses (Figure S14- 

S16), no consistent evidence of influencing on the intervention effect 
was based on indoor PM2.5 baseline concentration, reduction level of 
PM2.5, age, proportion of men, BMI and intervention duration. 

3.6. Certainty of evidence assessment 

Table S9 presents the reasons for downgrading and upgrading the 
certainty of the evidence based on the GRADE assessment approach, and 
Table S10 shows the results of certainty of evidence for each specific 
outcome and intervention pair in this review. The starting point of 
certainty of evidence was at high level for randomized intervention 

Fig. 5. Forest plots of the effect estimates [MD (A) or percent change (B)] reported in respirator intervention studies for available cardiovascular bio-
markers including SBP, DBP, HR, SDNN, rMSSD, LF and HF. The results under “Intervention” and “Control” represent health endpoint levels [SBP (mmHg), DBP 
(mmHg), HR (bpm), SDNN (ms), rMSSD (ms), LF (ms2) and HF (ms2)] of wearing and not wearing respirators, respectively. 
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studies. For either portable air cleaner or respirator studies, the outcome 
and intervention pairs were with very low certainty of evidence, except 
for low certainty of evidence for Fib in portable air cleaner studies 
(Table S10). The common downgrading reasons included moderate to 
high risk of bias for a large proportion of studies (due to loss to follow- 
up, lack of blinding and lack of washout period), small sample size, as 
well as different characteristics of study population and intervention 
location. 

4. Discussion 

Globally, given that hundreds of millions of people are experiencing 
potentially adverse health consequences from exposure to higher level 
of air pollution, it is of urgent and critical importance to validate the 
efficacy of personal-level intervention on mitigating air pollution 
attributable health risks (Rajagopalan et al. 2020). People in developed 
countries with improved air quality still face health risks posed by high 
exposure from hot spots of emissions under various scenarios (e.g., 
living near roadways, staying polluted indoor environments) (Morishita 
et al. 2015). On high air pollution days, staying indoors and / or 
reducing physical activity are classical public health precautions for 
reducing exposure; however, these may not be possible or even advis-
able, according to individual circumstances (Laumbach et al. 2015; 
World Health Organization 2020). Using portable air cleaner indoors 
and wearing respirator outdoors has also been considered as interven-
tion at individual level on high air pollution days (Allen and Barn 2020). 
Evidence suggests that portable air cleaner use could reduce indoor 
particulate matter air pollution concentrations and wearing respirator 
outdoors can decrease particulate matter air pollution exposure at some 
levels (Langrish et al. 2009; Zhu et al. 2021). However, available evi-
dence to date is still less clear about the efficacy of using these two 
personal-level intervention approaches to reduce adverse effects from 
breathing particulate matter air pollution. This is the first thorough 

systematic review and meta-analysis on the efficacy of both portable air 
cleaner and respirator intervention approaches. 

In this systematic review, for the use of indoor portable air cleaner 
over short-term intervention, we observed significant decreases of 
2.01% (95% CI: 0.50%, 3.52%) in SBP, as well as non-significant in-
creases of 3.04% (95% CI: -2.65%, 8.74%) in reactive hyperemia index 
and 0.24% increases (95% CI: − 0.82%, 1.31%) in FEV1. Non-significant 
beneficial changes were also observed in a suite of inflammation and 
oxidative stress biomarkers (CRP, IL-6, Fib, FeNO, and MDA). Two 
recent reviews on portable air cleaner use also reported beneficial 
changes on blood pressure and related cardiovascular outcomes (Walzer 
et al. 2020; Xia et al. 2021). However, for some of the cardio-respiratory 
endpoints assessed in this review, effects by intervention were not al-
ways consistent across studies in terms of the direction and magnitude, 
which may reflect heterogeneity in study populations, designs, and po-
tential confounders. Similarly, as described in our recent systematic 
review on the effectiveness of indoor air pollution reduction by portable 
air cleaner, moderate to large magnitude of reductions (from 11% to 
82%) in indoor PM2.5 concentrations were observed suggesting sub-
stantial heterogeneity across studies (Zhu et al. 2021). Overall, both the 
variations in biomarker measurements and indoor air pollution re-
ductions following portable air cleaner intervention can be strongly 
impacted by a variety of factors, such as geographical locations of 
studies, filtration technology employed, indoor environmental charac-
teristics, air pollution sources, and behavioral factors including fre-
quency and duration of air cleaner use. 

We also assessed and summarized current evidence of health effects 
from wearing respirator (another convenient personal-level intervention 
approach) on cardio-respiratory health, over short-term exposure out-
doors in areas with higher levels of ambient air pollution. Similarly, we 
observed some beneficial changes on cardiovascular health endpoints, 
such as significant increases for HRV parameters [SDNN (2.20%, 95% 
CI: 0.54%, 3.86%)], as well as non-significant decreases in blood 

Fig. 6. Overall summary of risk of bias assessments for all portable air cleaner studies (A; a total of 104 outcome-study pairs) and all respirator studies (B; 
a total of 46 outcome-study pairs). Domain 1: Risk of bias arising from randomization process; Domain S: Risk of bias arising from period and carryover effects; 
Domain 2: Risk of bias due to deviations from intended interventions; Domain 3: Risk of bias due to missing outcome data; Domain 4: Risk of bias in measurement of 
the outcome; Domain 5: Risk of bias in selection of the reported result. 
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pressure [SBP (0.63 mmHg, 95% CI: − 0.39, 1.66)]. However, much 
limited evidence is available to assess the respiratory health effects of 
respirator use, such as on lung function and respiratory related bio-
markers. Given that respirator intervention studies were generally 
conducted with even smaller sample sizes following limited intervention 
durations of a few hours, currently it is not feasible to convey the effi-
cacy of respirator use. 

Overall, in this review, we observed large heterogeneity on the 
changes of effect estimates of cardio-respiratory health endpoints 
following short-term air pollution interventions. The differential char-
acteristics of study subjects (e.g., age, gender, health status, medication, 
and time-activity pattern), exposure and outcome measurement tech-
niques, and differential intervention devices may partially explain the 
inconsistency. This inconsistency may also be partially due to the 
inherent variations on the designs across studies. For example, sham 
portable air cleaners and respirators were not always used in these 
intervention studies probably due to practical difficulties. However, 
adequate sham interventions are not only useful for blinding subjects, 
but also important to control for other effects of intervention device use 
on the surrogate endpoints (e.g. noise of using air cleaner use, physio-
logical effects of wearing respirator) to avoid confounding. Further, 
most identified intervention studies in this review have been conducted 
over short duration of intervention from a few hours to days/weeks, 
future more strictly designed trials with larger sample sizes and longer 
terms of follow-up are in urgent needs to provide more solid evidence on 
the efficacy of personal-level interventions. 

And lastly, in these identified studies, the efficacy of personal-level 
use of portable air cleaner and wearing respirator were mostly 
assessed by the changes on related health indicators or biomarkers, 
which is unlikely to detect the changes in clinical health outcomes or 
diseases. It is worth noting that these observed short-term changes in 
cardio-respiratory endpoints and biomarkers by personal-level inter-
vention can also be of limited clinical significance, as most reviewed 
health endpoints are not directly representing environmental exposure 
related clinical health outcomes, such as hypertension, chronic 
obstructive pulmonary disease. In addition, most of these studies were 
conducted in healthy individuals or disease-specific patients living in 
areas of higher levels of air pollution over short-term interventions, 
which has limited the generalizability of study effect estimates, partic-
ularly to high-risk populations (e.g. children, elderly and people with 
chronic diseases) who may suffer more from long-term air pollution 
exposure. To explore the efficacy of portable air cleaner and respirator 
uses at population level, more efficiently designed intervention trials 
with better understanding of air pollution exposure and related disease 
outcomes are warranted to optimally provide evidence for protecting 
the public, particularly those at high risks. 

5. Conclusions 

Some beneficial changes in cardiovascular and respiratory bio-
markers were observed with use of portable air cleaners, and some 
beneficial changes on cardiovascular health were observed by wearing 
respirator outdoors in areas of higher levels of air pollution. However, 
the certainty of evidence was generally very low with substantial het-
erogeneity across existing studies. To better assess potential public 
health impacts from the use of personal-level intervention approaches, 
future larger scale intervention trials with more rigorous study designs 
are in urgent needs, particularly for high-risk populations. 
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