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Disclosure

• I have received in - kind support from Coway in the form 
of discounted air purifiers. 
– The company had no role in the design of studies, data 

collection, data analysis, interpretation of study findings, 
decisions to publish, or preparation of manuscripts. 

– This presentation is not an endorsement of any air cleaner 
manufacturer or model.
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Presentation Overview

• Three portable HEPA filter air cleaner intervention studies 
– Smithers, Canada (woodsmoke, CV outcome biomarkers) 
– Vancouver, Canada (woodsmoke & traffic, CV outcome biomarkers) 
– Ulaanbaatar, Mongolia (coal smoke, fetal & childhood development) 

• Key considerations 
– Purpose 
– Exposure assessment, exposure gradient 
– Study design 
– Participants 
– Air cleaner(s) 
– Outcome measure(s) (biomarkers) 

• Emphasis on study methods and experiences (not results) 
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Day 0 Day 7 Day 14

Study #1
• 45 healthy adults  

– Mean age: 43 years

• PM2.5 and levoglucosan
• Measures of: 

– Oxidative stress 
– Inflammation 
– Endothelial function 
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Study #2

• Similar to study #1, but 
designed to compare 
impacts of two 
combustion sources 

• 68 healthy adults  
– Mean age: 44 years 

• PM2.5, levoglucosan, 
light-absorbing carbon

Kajbafzadeh M, et al. Occup Environ Med 2015
Day 0 Day 7 Day 14
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Study #3
A single  -  blind randomized controlled trial of  

portable HEPA filter air cleaner use during pregnancy 

1. Enroll 540 
non - smoking 
pregnant 
women late in 
first trimester.

3. Compare 
birthweight 
between 
intervention 
and control 
groups.

4. Compare 
several health 
indicators in 
childhood.

 

2. Randomly allocate 
participants to an 
intervention or control 
group. Intervention group 
receives 1-2 portable air 
purifiers to use until the 
end of pregnancy.

 


 


Barn et al., Sci Tot Environ, 2018; Barn et al., Environ Int 2018; Tamana et al., Env Int, 2021, Enkhbat et al., Env Health, 2021. 
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Why do a (randomized) filtration study?

• Strong evidence that air filtration 
reduces PM concentrations in 
residences. 

• Some evidence of concentration 
reductions from use of HVAC 
filtration or portable filtration in 
public buildings (schools). 

• Mostly short - term studies. 
• Weaker evidence of health 

benefits.  



Why do a (randomized) filtration study?
• What is the goal? 

- Evaluate the intervention? 
- Study exposure reductions? 
- Increase exposure gradient?

• Advantages
- Reduce confounding 
- Introduce/increase exposure 

gradient 
- Intuitive, aids communication 

• Disadvantages
- Small N 
- External validity 
- Treatment group may be a poor 

surrogate for exposure 8



Exposure assessment: intervention vs. exposure
• Intervention is a binary surrogate for a continuous exposure 
• In Mongolia (study #3), we modeled weekly PM2.5

concentrations inside residences1

- Best model explained 81.5% of the variability 
- But…intervention status alone explained only 6% of the variability 

1Yuchi et al., Environmental Pollution, 2019 

ControlIntervention

Exposure Exposure

ControlIntervention
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• Intervention is a binary surrogate for a continuous exposure 
• In Mongolia (study #3), we modeled weekly PM2.5

concentrations inside residences1

- Best model explained 81.5% of the variability 
- But…intervention status alone explained only 6% of the variability 

• In Vancouver (study #2), C-
reactive protein was 
associated with pollution 
concentrations but not with 
HEPA filtration2 

- Other crossover studies have 
reported similar findings

1Yuchi et al., Environmental Pollution, 2019 
2Kajbafzadeh et al., Occup Environ Med, 2015 

Exposure assessment: intervention vs. exposure
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Concentrations vs. exposures

• Exposure reductions introduced by air cleaners are 
attenuated by time spent in other locations. 

• For example: 
- In Beijing, 48 hours of portable HEPA filtration reduced 

residential PM2.5 concentrations by 82%, but personal 
exposures were higher with filtration.1

- In Shanghai, 2 weeks of portable HEPA filtration reduced 
residential PM2.5 concentrations by 68%, but personal 
exposure by only 27%.2 

1Zhan et al., Science of the Total Environment, 2018 
2Barkjohn et al., Indoor Air, 2021 
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Baseline concentrations and exposure gradients

• Appropriately sized portable HEPA filter air cleaners reduce 
PM2.5 concentrations by approximately 30  -  80% 

• But absolute reduction also depends on baseline 
concentration 

• Our results: 
- Study #1: 59% reduction, 11.2 à 4.6 µg/m3 = 6.6 µg/m3

- Study #2: 39% reduction, 7.1 à 4.3 µg/m3  = 2.8 µg/m3

- Study #3: 29% reduction, 24.5 à 17.3 µg/m3  = 7.2 µg/m3

• Implications for power to detect associations with health 
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Study Design

– Participants serve as their own 
controls 

– “Sham” filtration 
– Randomization of treatment order 

important to account for confounding 
by time - varying factors. 

• Washout period? 
– Recent review of air purifiers and CV outcomes1: “only half of the trials 

incorporated a wash - out period, which is crucial to minimise carry - over 
effects, a major challenge in crossover RCTs that typically bias the effect 
estimate towards the null.” 

– We have not used a wash - out period in our studies 
• Need for a wash - out period depends on time scale of exposure - response relationship vs. 

duration of intervention.

1Xia et al., Sci Tot Environ, 2021. 

• Randomized crossover design most common 
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Participants: “Susceptible” vs. “Healthy”
• May be valid scientific reasons for focusing entirely on 

“healthy” or “susceptible” populations, for example 
– “Susceptible” individuals may be more responsive to air pollution 
– “Healthy” individuals may allow for a simpler analysis 

• Intervention studies tend to be small 
– Usually underpowered to evaluate effect modification or conduct 

subgroup analyses 

• How to analyze study populations with a wide range of 
susceptibilities? 
– In our studies, we have tried to enroll only “healthy” individuals, 

but that will not always be appropriate or feasible 
– “All or nothing” 
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Air cleaners
• HVAC or portable 

– Concern about use of high - efficiency filters in older HVAC 
systems 

• Portable air cleaners 
– Technology (HEPA, electrostatic precipitator) 
– Number/size, fan setting, noise 
– Compliance monitoring?  

• Self - report 
• Built in 
• External (electricity use)
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Study #1 Study #2 Study #3

Living room

Bedroom

Fan setting Variable Variable Locked at 2nd

highest

Compliance 
monitoring None None Self  -  report,  

internal timer

Air cleaners
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Air cleaners

Barn et al., Sci Total Environ, 2018

7 














 





 


 



  Immediately after deployment After ~5 months of use

• Anecdotal 
evidence that 
use decreased 
over time 
(particularly in 
bedrooms) due 
to concerns 
about noise.

17



Outcome(s)
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Brook et al., Circulation, 2010



Outcome(s)
• Where are the outcomes on the continuum from 

mechanism to disease? 

Oxidative  
stress  

markers

Inflammatory  
markers

Blood vessel 
function

Disease“Subclinical” disease

Markers of clinical endpoints, possibly: 

• Less sensitive to air pollution exposure 
• More temporally variable 
• More clinically relevant 
• Easier to interpret, communicate

Markers of mechanism(s), possibly: 

• More sensitive to air pollution exposure 
• More temporally variable 
• Less clinically relevant 
• More difficult to interpret, communicate

19

“Intermediate” outcomes



Summary
• Randomized air cleaner intervention studies provide several 

advantages beyond minimizing confounding. 
• These studies may evaluate the benefits of air cleaners, or the 

air cleaners may be used as a tool to introduce an exposure 
gradient and randomize exposure. 

• Statistical power to detect associations with health is 
influenced by the baseline pollution concentration and air 
cleaner effectiveness. 

• Researchers should carefully consider the size, number, 
location, and noise of the air cleaners. 

• There are several other important considerations, including 
– Ethical considerations 
– Participant burden 
– Analysis, such as approach(es) for handling missing data 
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