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Background and aim: Several air pollution mitigation initiatives have been
researched worldwide to see how efficient they are at reducing air pollution
and the related health benefits. The effectiveness of these interventions for
improving health outcomes is key for scaling up and increasing uptake of
same by policymakers and people. We aimed to synthesize scientific evidence
about the effectiveness of household-level interventions on air quality and
health outcomes using a systematic approach.
Methods: Comprehensive strategy was used to carry out a literature search in
PubMed, Cochrane, and Google scholar by two independent investigators using
keywords and Medical Subject Heading terms. Research articles published till the
year 2021 focusing on interventions for improvement in air quality and health were
selected using pre-specified eligibility criteria. All abstracts for inclusion were
reviewed independently by two reviewers. In case of doubt, the articles were
included for full-text review. Disagreements were resolved by discussion with the
third investigator. The quality of the studies and risk of bias was assessed using the
Joanna Briggs Institute critical appraisal tool and Cochrane Risk of Bias tool,
version 2.0. Effect estimates were reported using odds ratio, relative risks,
difference in mean, and percentage changes with 95% confidence intervals.
PRISMA guidelines were used to conduct and report the systematic review. The
review was registered in PROSPERO (CRD42022295393).
Results: The search resulted in the identification of 46,809 studies and 18 of them
were finally included in the review using eligibility criteria. The household-level
interventions were categorized mainly into air purifiers/electric heater use,
cookstove use, and behavioural change interventions. These interventions resulted
in a decrease in the number of daytime asthma attacks by 33%, an increase in FEV1
by 4.4%, −1.4% and 0.8% overall percent change in microvascular and lung
function. PM2.5 was the most commonly reported air pollutant, its concentrations
reduced in the range between 31% and 53% across the studies.
Conclusion: Our review provided consistent evidence for the effectiveness of
household-level interventions thus associated with improvements in
cardiovascular and respiratory symptoms.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_
record.php?RecordID=295393, identifier, CRD42022295393
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1 Introduction

Air pollution is considered a significant public health challenge

globally. Air pollution is a major and growing risk factor for ill

health in India, contributing significantly to the country’s burden

of disease (1). The United Nations Sustainable Development Goals

(SDGs) target 3.9.1 focus on for reduction of the burden of deaths

and illnesses from air pollution. Of the total 480·7 million DALYs

in India in 2017, about 38·7 million were attributable to air

pollution alone (2). A study published by the World Bank in 2016

revealed that air pollution cost India approximately 8% of its GDP

or $560 billion in 2013, because of lost productivity due to

premature mortality and morbidity (1). Although levels have

reduced in high-income countries over the past two decades, they

have risen sharply over that same period in India and other low-

and middle-income countries (3). According to new estimates by

WHO, about 3.2 million deaths are attributed to household air

pollution exposure from using unclean fuels and technologies for

cooking. Daily exposure to very high levels of household air

pollution puts household members, particularly women and

children, at greater risk of chronic diseases (4). To improve air

quality, a broad range of interventions both at the population level

and individual level have been implemented. These include

national and sub-national (provincial/county/federal or state level)

regulations as well as local actions and may involve either single or

multiple governmental sectors (5). Research generally shows that

the prolusion of multiple interventions over long periods is

associated with improved air quality and health (6). However,

documenting impact of each intervention with qualitative

assessment of studies on air quality and health outcomes is

essential for scaling up measures in public health practice. Hence,

we had carried out this systematic synthesis of available evidence

along with quality assessment of each study.
2 Methods

2.1 Protocol and registration

The review was conducted and reported in accordance with

Preferred Reporting Items for Systematic Reviews and Meta-

analyses (PRISMA) guidelines (7). It has been registered on

PROSPERO, an international prospective register of systematic

reviews (ID: CRD42022295393).
2.2 Research question

Are household-level interventions effective in reducing the

impact of air pollution on health outcomes?
2.3 Search strategy

A comprehensive strategy was used to carry out a literature

search in Pub Med, Cochrane, and Google scholar databases.
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The search terms were “household interventions”, “air purifiers”,

“exposure assessment”, “air pollution”, “effectiveness”, “cookstove

use”, “residential interventions”, “behavioural interventions”,

“impact” were combined using Boolean operators “OR” and

“AND”. Two investigators (HRS, HN) independently screened the

titles and abstracts of the studies to identify all potentially eligible

studies. In cases of doubt, the articles were included for full-text

review. Search for sources of grey literature like conference

proceedings, theses and dissertations, reports, guideline and policy

documents, newspaper blogs were also conducted. In addition to

searching electronic databases, a hand search of the bibliographies

of all relevant articles was also done. Any disagreement between

the reviewers was resolved by consensus or by consultation with a

third investigator (AK). Criteria used to identify eligible studies for

this systematic review were –

2.3.1 Inclusion criteria
Full text published studies till March 2021 in the English

language, Studies conveying information on household-level

interventions to tackle air pollution, and studies assessing the

impact of household-level intervention with quantitative

estimations were included.

2.3.2 Exclusion criteria
Scoping reviews without quantitative data, policy reviews, case

series, case reports, editorials, and letters were excluded from

the review.

The PICOS approach was used for the extraction of data from

the selected studies.

Participants: Eligible population can be any group of

individuals exposed to an intervention of interest; Intervention:

Household-level interventions, residential interventions,

behavioral interventions; Controls/comparators: To provide a

comprehensive review of the evidence on subject, we did not

restrict interventions studies by type of comparator used;

Outcome: Concentrations of PM2.5, PM10, nitrogen dioxide,

carbon monoxide, sulphur dioxide, ozone, black carbon, black

smoke, soot, elemental carbon, ultrafine particles, all-cause

mortality, cause-specific mortality, premature mortality,

respiratory effects, cardiovascular effects, neurological effects;

Studies: All cross-sectional, Randomized controlled trial, quasi-

experimental or non-randomized experimental studies.

In the case of each eligible study, a data extraction form in a

Microsoft Excel spreadsheet was used to extract data. Extracted

data included information on the study title, authors, year of

publication, study location, intervention, type of intervention,

exposure level assessment, source of exposure data, outcome

parameters, source of health outcome, and effect estimate.
2.4 Quality and bias assessment

Quality assessment was performed independently by two

investigators (HRS, HN) for each included study using the

Joanna Briggs Institute (JBI) critical appraisal tool for quasi-

experimental studies (8) and validated Cochrane Risk of Bias
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Tool, version 2.0 for randomized control trials (9). Any type of

disagreement was resolved by consulting a third independent

investigator (AK). With these evaluation tool, the methodological

quality of the included studies was evaluated, and the extent to

which a study has addressed the possibility of bias in its design,

conduct and analysis was determined.
2.5 Data synthesis

A narrative synthesis was undertaken for each study. Data

collected were tabulated reporting study characteristics,

intervention, exposure measurements, and outcome details.
2.6 Effect estimates

Estimates of relative risks or odds ratios, and difference in

mean percentage changes presented with 95% confidence

intervals were extracted from papers (where available) to

compare outcomes in the intervention and control groups.
3 Results

3.1 Study description

A total of 46,809 records were obtained from the databases

using a search strategy. After removing duplicates and screening
FIGURE 1

PRISMA flowchart for screening of studies.
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titles and abstracts, 71 studies remained for the full-text review.

Of these, 18 studies met the eligibility criteria and were finally

included in our review. The PRISMA flow diagram for the study

selection process can be seen in Figure 1.
3.2 Characteristics of included studies

Studies included in this review were published between 2001

and 2021. Out of 18 included studies, seven studies were non-

randomized experimental (10–16), and the remaining eleven

studies were randomized control trials (17–27). The geographical

location of the studies was diverse. Three of studies were

conducted in China (11, 19, 20), two of them were conducted in

United States (12, 21), Australia (16, 25) and Canada (17, 24)

while rest of them were conducted in Mexico (18), Denmark

(27) Iran (23), Ghana (26), Kenya (15), Nicaragua (10), Pakistan

(14), Japan (22) and South Africa (13) respectively. This review

comprises both studies that measure health only and studies that

measure air quality, either alone or in combination with health

outcomes. Exposure to air pollutants like particulate matter 2.5,

particulate matter 10, ozone, black carbon, Sulphur dioxide,

carbon monoxide, and respirable particles have been measured in

about 16 studies. Similarly, health effects in terms of all-cause

mortality, cardiovascular mortality, respiratory mortality,

childhood asthma, general well-being, respiratory symptoms, non

respiratory symptoms, cardiovascular and pulmonary effects, air

pollution exposure behaviour have been assessed in the majority

of studies.
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3.3 Outcomes

Among 18 finally included studies, 13 of the studies focused on

both health and air quality outcomes while three of them and two

studies focused on air quality outcomes and health outcomes

alone respectively.
3.3.1 Air quality outcome
Regarding the air quality outcomes of the review, the effects of

11 interventions were assessed in relation to PM2.5 (10, 12, 14, 17–

22, 24, 27), four interventions in relation to PM10 (13, 16, 17, 20),

six interventions in relation to carbon monoxide (10, 11, 13–15,

26), two interventions in relation to ozone (20, 22), three

interventions with respect to black carbon (19, 20, 27),one

intervention each in relation to nitrogen oxide (25), sulphur

dioxide (11), respirable particle (11), negative air ions (20) and

particle number concentrations (27) respectively.

PM2.5 was the most commonly reported air pollutant. Its

concentrations significantly decreased in the range between 31%

and 53% (10, 12, 17–22, 24, 27) across studies. The PM10, black

carbon and carbon monoxide concentrations reduced between

28% and 85% (13, 16, 17, 20), 35.3%–50% (19, 20, 27) and 69%–

72% (10, 11, 13–15, 26) respectively suggesting improvement in

air quality after implementation of interventions such as air

purifier installation, improved cookstove use and health education.
Source of exposure data

The source of exposure data in 11 studies were air quality

monitors (10–13, 15, 17, 19–21, 25), while the remaining seven

studies (14, 16, 18, 22–24, 27) has not given any clear

information about it.
3.3.2 Health outcome
With regard to health outcomes of the review, the effects of two

interventions were assessed relation to air pollution exposure

reduction (13, 23), one intervention in relation to all cause

mortality, cardiovascular and respiratory mortality (16), two

interventions in relation to asthma prevalence (12, 25) and

remaining were assessed in relation to respiratory effects (10, 14,

17, 18, 20, 22, 25, 27), cardiovascular effects (10, 14, 17, 19–21,

24, 27), microvascular function (24, 27), endothelial function

(17, 24) and self-reported symptoms (26).

In most of the studies, household-level interventions such as

the use of newer stoves and air filters contributed to a decrease

in the number of daytime asthma attacks by 33% (25) and

pediatric asthma related quality of life by 6.08 points (12), an

increase in FEV1 by 4.4% (20), −1.4% and 0.8% overall percent

change in microvascular and lung function (17, 25, 27), 14.7%

decrease in FeNO (20), reduction in annual all-cause mortality

by 11.4% (16), cardiovascular mortality by 17.9% (16),

respiratory mortality by 22.8% (16). Only two studies observed

no statistically significant effects on pulmonary function (22),
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microvascular and lung function, or the biomarkers of systemic

inflammation (24) among study subjects.
Source of health outcome data

In this review, primary and secondary data collection

procedures were implemented to gather health outcome data. In

a study, by Fay H. Johnston et al., mortality data was obtained

from Australian Bureau of Statistics whereas hospital admissions

data for respiratory infections were provided by the Tasmania

Department of Health and Human Services (16). In another

study,primary data was collected using The International Union

Against Tuberculosis and Lung Disease questionnaire for

respiratory symptoms (14) whereas S. Weichenthal et al. used

questionnaires to collect demographic information,baseline health

and home characteristic data (17). In addition to this,multiple

survey tools (12, 26), and telephonic interviews (23) were

employed to collect the health data. For remaining studies,

biochemical, pulmonary and hematological tests such as

microvascular function, endothelial function, ECG monitoring,

peak exploratory flow rate, FEV1,biomarker assay etc were

performed using various blood pressure devices (14, 17, 19, 21)

and spirometers (14, 17, 18, 22, 25, 27) either by trained

investigators (20, 25) or manually (10).
3.4 Household-level interventions

18 finally included studies in the review focused on household-

based interventions aimed at reducing indoor air pollution. These

interventions are not a viable long-term alternative to emissions

reductions. But some of them may have value—particularly in

high pollution settings, for vulnerable individuals, and/or when

emissions cannot be managed at the source. They have been

further categorized into the following (Refer Table 1).

3.4.1 Air purifiers/electric heater use
Seven studies evaluated the impact of air purifiers or filters

(portable air filters) (21) ionization air purifiers (20), HEPA

filters (24, 27), true air purifiers (22), electrostatic air filters (17)

and Beijing indoor air purifier (19) on various health effects. In

two studies, unflued gas heaters (25) and wood heaters (16) were

replaced by electric heaters.

3.4.2 Cookstove use
In about five studies effectiveness of different cookstove

interventions such as improved biomass stove (18) Ecostove (10),

rocket mudstove (15), improved wood cookstove (26), and

improved stove (14) were studied respectively.

3.4.3 Behavioural change interventions
Remaining studies focused on behavioural interventions either

alone or in combination with other intervention like

Transtheoretical model based educational intervention (23),

community education campaigns (13), combined stove and
frontiersin.org
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TABLE 1 Household-level interventions.

Author & year Intervention
Isabelle Romieu et al., 2009 (18) Improved biomass stove intervention

(Patsari stove)

Shuo Liu et al., 2018 (19) Short term indoor air filtration intervention

Marzieh Araban et al., 2017 (23) TTM Based educational intervention

Wein Dong et al., 2019 (20) Ionization air purifiers

Dorina Gabriela Karottki et al.,
2013 (27)

High-efficiency particle air filter (HEPA)

Masako Morishita et al., 2018 (21) Portable air filters (SHAM FILTRATION,
LE-HEPA,HE-HEPA)

Yoshiko Yoda et al., 2020 (22) Air Purifiers (true and sham)

Majid Kajbafzadeh et al., 2016 (24) HEPA Filter Intervention

S. Weichenthal et al., 2012 (17) Electrostatic air filter

Louis S. Pilotto, 2000 (25) Fueled gas or electric heaters

ML Clark et al., 2012 (10) Cleaner-burning cookstove (Eco-stove)

Jason Burwen et al., 2012 (26) Improved wood cookstove

Caroline Ochieng et al., 2016 (15) Improved rocket mudstove

Tanzil Jamali et al., 2017 (14) Improved stove intervention

Alejandro Moreno- Rangel et al.,
2020 (12)

Combined intervention (asthma education
and air purifier installation)

Brendon Barnes et al., 2011 (13) Community counselling intervention

Zheng Zhou et al., 2006 (11) Combined stove and behavioural
intervention

Fay H. Johnston et al., 2013 (16) Launceston wood heater replacement
program/air watch education programme

Salve et al. 10.3389/fenvh.2024.1410966
health education intervention (11), and combined asthma

education and air purifier installation intervention (12).
3.5 Quality assessment in included studies

The JBI appraisal checklist (8) covers nine sets of criteria through

which bias was assessed for quasi-experimental studies. Each item/

criterion is assessed by scoring (yes = 1, no = 0 and unclear or not

applicable = 0). Overall risk of bias for the included studies was

then categorized into “high”, “moderate” and “low” according to

the total score obtained of each (high risk of bias: 0–3, moderate

risk of bias: 4–6, low risk of bias: 7–9) The risks of bias in the

randomized controlled trials were assessed using the validated

Cochrane RoB-2.0 tool (9). The tool includes seven domains

relevant to the major sources of bias. All the studies reported a

randomization process however, neither specifically reported their

method of random sequence generation. Only three studies

(20, 23, 24) reported allocation concealment. About seven (17, 20,

22–25, 27) studies described blinding of participants, personnel,

and outcome assessors. Nine studies (17–20, 22–27) reported

results on the outcomes described in their method sections; thus,

the risk of selective reporting bias of outcomes appears to be low.
4 Discussion

Present review identified the available evidence regarding

intervention targeted towards improving the indoor air quality

on various health outcomes. Emissions, exposure rates and

consequently health effects are influenced by the type of

intervention. Thus, contributing to the heterogeneity between the
Frontiers in Environmental Health 05
studies. Consistent results were observed for the effect of

decreased pollutant levels and the positive impact on health

throughout different intervention studies. An improvement in

microvascular function, lung function, brachial blood pressure,

pulse wave velocity, FEV1,endothelial function and biomarkers of

systemic inflammation associated with decrease in indoor air

pollutants was observed in seven studies following use of high-

efficiency particulate air (HEPA), ionization and electrostatic air

purifiers. This supports the results of systematic reviews by Dalia

Walzar et al. (28), Xi Xia et al. (29) and Ellen McDonald et al.

(30) which suggests that even a small decrease in the distribution

of blood pressure in a population may significantly reduce

cardiovascular morbidity and mortality. Household interventional

studies in low- and middle-income countries have involved

“clean” cookstoves with improved combustion efficiency or

ventilation and household air filters with improvement in the

respiratory symptoms, and decrease in clinic visits, school

absenteeism, hospitalizations, premature births, all -cause

mortality, cardiovascular illness were observed. Review also

reported decrease in mortality. These findings are consistent with

the studies by Deborah Onakomaiya et al. (31), Megha Thakur

et al. (32), Fatmi and Coggon (33), Emma Thomas et al. (34).

Susann Henschel et al. (35) and Dean E. Schraufnagel et al. (36)

also that source reduction strategies for improving air quality

showed impact on improvement in health outcomes. Two of the

studies by Brendons Barnes et al. (23) and Marzieh Araban et al.

(13) provide tentative evidence that a health behaviour change

intervention (focusing on health education models) has the

potential to reduce indoor air pollution, especially in vulnerable

groups. The review findings also suggest that current stand-alone

household interventions generate little health benefits. Multi-faceted

interventions could offer an opportunity to reduce exposure to

household air pollution that could have a marked public health

impact, especially in low and middle-income countries.
5 Strengths and limitations

To the best of our knowledge, this review is the first of its kind

to assess the impact of household-level interventions on air quality

and health outcomes. The strength of our study lies in its

comprehensive search of multiple databases, including regional

bibliographic databases, and its inclusion of multiple air

pollutants and health outcomes. Three reviewers independently

assessed the articles based on a priori eligibility criteria. We

reported the findings according to recommendations by the

Preferred reporting items for Systematic review and meta-analysis

statement. The review question was clearly defined. All these

aspects ensure that the results reported here are valid and relevant.

There are, however, several limitations that need to be

acknowledged. Firstly only, articles published till March 2021

were included, thus most current studies are not included in this

review. Secondly, there was a substantial amount of heterogeneity

amongst the studies attributed to their methods, assessment

techniques and variety of health outcomes. Thirdly, quality of

studies reported satisfactory level. Hence, same should be
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considered while interpreting the results. Cost-benefit or cost-

effectiveness analysis of interventions are necessary to get better

understanding of effectiveness of the interventions, which was

out of scope for this study. Fourth, we could not be able to

employ meta-analysis approach due to high level of heterogeneity.
6 Implications for policy and research

Current review suggested that well designed and monitored

interventions has impact on improving indoor air quality. Hence

this review has policy and research implications in the form of

sustained investment on continued household level interventions

Such as provision of clean cooking fuel to the vulnerable

households. Air purifiers use for improvement of air quality

needs further investigation and guarded recommendations.

Importance of awareness generation and behaviour change

communication has been substantially highlighted further by this

review. Hence, needs sustained investment at population level.

However, costing studies for effectiveness of the variety of

household level interventions are needed. As indoor air quality

also impacts ambient air quality levels, sustain efforts for

implementing interventions are needed to achieve WHO

recommendation targets (37) with respect to major air pollutants

(PM10, PM2.5) for respective countries.
7 Conclusion

Our review provided consistent evidence for the effectiveness of

household-level interventions such as use of cook stoves, use of air

filters and education driven initiatives for improving air quality and

cardiovascular and respiratory health outcomes. Thus, highlighted

the importance of sustained efforts in customizing and

implementing these interventions at community level.
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