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Abstract:

Background: Chronic obstructive pulmonary disease (COPD) is the third leading cause of death worldwide. Air pollution
is associated with a decrease in lung function and an increase in inflammatory biomarkers, respiratory symptoms, and
hospital admissions due to several causes, including COPD exacerbations. Nevertheless, uncertainty exists on whether
indoor air quality improvement could lead to a reduction in morbidity associated with COPD. Therefore, we aim to prove
the efficacy of High-Efficiency Particulate Air (HEPA) filters to reduce respiratory symptoms related to COPD
exacerbations.

Methods: We propose a single-center, parallel, controlled, randomized with a 1:1 allocation, double-blinded, phase Il
trial that will be performed on patients 45 years and older with moderate to severe COPD in Mexico city, comparing the
use of HEPA filters with carbon air filters vs. sham devices. The main outcome will be the average change of the COPD
Assessment Test (CAT) score between baseline and 4-month follow-up comparing intervention and control groups.
Secondary outcomes will include CAT score measurements at 8 and 12 months, distance measured by a 6-minute walk
test, Forced Expiratory Volume in 1 second, and number of and time to exacerbations measured at 4, 8, and 12 months.
Discussion: With this intervention, we expect to reduce symptoms associated with COPD, therefore observing a reduction
in emergency department visits, hospital admissions, and economic burden. The results of this study could potentially
help assess future guidelines, economic analysis, and healthcare policies on the implementation of air cleaning strategies
and healthcare policies, directing resources towards air quality improvement.

Keywords: Chronic Obstructive Pulmonary Disease, Air Filters, Pollution, Exacerbations, Randomized Clinical Trial, COPD
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INTRODUCTION million deaths during 2019 (WHO, 2021). Although
Chronic obstructive pulmonary disease (COPD) is the smoking has been identified as the leading cause of
third leading cause of death worldwide, and the World COPD, environmental pollution has also been associated
Health Organization estimates it caused around 3.23 with lung function reduction (D. M. Halpin et al, 2017).

Indoor air pollution is closely related to an increased
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risk of emergency department visits in patients with
COPD (Ko et al, 2016). Several studies suggest an
increased probability of exacerbations, defined by the
American Thoracic Society as “acute episode
characterized by worsening of the patient's respiratory
symptoms", after short-term exposure to air pollutants
(Eisner et al, 2010, Li et al,, 2016; Viniol & Vogelmeier,
2018). Air pollution leads to worsening of symptoms
linked to exacerbations, increased hospitalization, and
mortality rates (Rui-Rui Duan et al, 2020)

Air pollutants comprise particulate matter (PM), a
complex mixture of solid particles, liquid, and gases with
different chemical compositions and molecular sizes.
These particles can absorb many toxic substances from
the environment and deposit them within the
respiratory tract (Fiordelisi et al., 2017). Furthermore,
PM less than 2.5 micrometers are of great concern since
once inhaled, they can reach deeper into the alveoli and
be absorbed into the bloodstream, causing local and
systemic damage (Hadley et al,, 2018).

Portable air cleaners have been suggested as a
practical solution to remove indoor air pollutants,
decreasing the risk for respiratory diseases. HEPA filters
remove 99.997% of particles below 0.3 microns via
inertial impaction, diffusion, interception, and sieving,
whereas carbon filters use adsorption by trapping
particles in their pored structure. Chen et al. (2015)
explored the impact of air purifiers use on different
outcomes such as circulating biomarkers, lung function
parameters, blood pressure, and respiratory
inflammation, demonstrating short-term improvement
in examined blood markers and a beneficial effect on
respiratory health.

However, there is currently insufficient evidence to
support the use of air filters as environment modifiers
in patients with COPD to reduce exacerbations,
respiratory symptoms and improve healthcare
outcomes (Hansel et al, 2021). We hypothesize that
better indoor air quality will result in a reduction of
COPD exacerbations and better health outcomes.
Therefore, we aim to prove the efficacy of High-
Efficiency Particulate Air (HEPA) filters to reduce
respiratory symptoms as measured by the COPD
Assessment Test (CAT) score compared to sham
devices in patients with COPD at a 4-month follow-up.

METHODS

Study Design

The GREAT-COPD trial is a single-center, parallel, block
randomized using a 1:1 allocation ratio, sham-
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controlled, triple-blinded, phase IlI trial. It is intended to
last 24 months, from the enrollment process until the
end of the statistical analysis and final results. To
evaluate the effectiveness of HEPA filters in reducing
respiratory symptoms, we will expose COPD patients to
the effects of either true or sham devices for 12 months
and compare clinical and surrogate outcomes achieved
by the two groups during the intervention.

Study Setting

As the largest metropolis in North America with 22
million inhabitants (United Nations, 2018), Mexico City
is widely recognized for its high levels of air pollution. In
the 2022 World Air Quality Index, Mexico City showed a
PM 2.5 level of 31.1pug/m3, 6.2 times above the WHO
annual air quality guideline value (World Air Quality,
2022). Considering a prevalence of COPD of around
7.8% mainly associated with biomass exposure
(Menezes et al, 2017), we acknowledge this city as
optimal for the trial. Our study will recruit participants
from the COPD clinic of the Instituto Nacional de
Enfermedades Respiratorias, Ismael Cosio Villegas
(INER). One of the biggest respiratory disease centers in
the city. With 1.546 COPD patients treated during 2019,
this institute is likely to provide the desired sample size
(Secretaria de Salud, 2021). This protocol will be
submitted to the INER Science, Bioethics and Research
Committee and IRB approval will be requested.

Participants

Inclusion Criteria

o Patients aged 45 years or older (Holm et al, 2014)
with a confirmed diagnosis of COPD by a physician
(based on spirometric values (FEV1/FVC < 0.70)
diagnosis (D. M. G. Halpin et al,, 2021) with disease
stage based in Global Initiative for COPD (GOLD)
categories ranging from B to D (Based on the risk of
exacerbation and symptoms as measured by CAT
and mMRC: Group B: Low risk, more symptoms.
Group C: High risk, fewer symptoms, Group D: High
risk, more symptoms).

o Ability to respond to questionnaires and perform
spirometry and 6-minute walk tests (6MWT).

o Willingness and ability to maintain a 1-year follow-
up at the study site.

Exclusion Criteria

o Patients without the capacity to consent, altered
mental status, or inability to complete the
questionnaires.
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o Presence of important comorbidities
(decompensated heart failure, active cancer, alpha-
1-antitrypsin deficiency, asthma, asthma-COPD
overlap, tuberculosis)

o Regular use of HEPA filters at home at the time of
enrollment

o Pregnant and nursing persons

o Chronic systemic corticosteroid use (>3 months in
the past 12 months)

o Previous lung resection or lung reduction surgery

o Exacerbation in the last 6 weeks

o Current smokers (however, we will include former
smokers defined as those who have smoked more
than 100 cigarettes in their lifetime, but who have
not smoked in the past 30 days, Choi K. et al, 2013).

o Patients diagnosed with COVID-19 infection in the
last 3 months.

Interventions

Patients will be randomized to either control or
intervention arms. All eligible participants will receive 2
SmartAir HEPA filters with incorporated carbon filters,
which will be installed in their bedroom and one
common area. The filter used is medical grade H13
HEPA with a capacity to filter 99.9% of particles down
to 0.1 microns with a capacity to replace 100% air in a
1500sq ft space every hour (Mechanisms of filtration,
2018). Each device will be equipped with a built-in
electronic sensor that will transmit data to a centralized
program. Data collected will provide a real-time official
EPA Air Quality Index Score and operating time.

Under the control arm, all eligible participants will
receive 2 sham devices that will be installed in their
bedroom and one common area. The sham device will
be the same used in the intervention arm (SmartAir™)
without HEPA and carbon filters.

True and sham devices will have the same
functionality, appearance, and noise and will operate 24
hours per day. The device should be on for a minimum
of 18 hours daily to consider adherence to the protocol.
Self-report on the number of hours indoors per day will
be recorded and a smart device that will record the
hours spent in the residency will be provided to each
participant.

The main concerns about HEPA filters are related
to noise and the potential proliferation of
microorganisms if maintenance is inadequate. The
noise produced can range between 46 and 66 dB
according to manufacturer technical specifications. Our
study will follow the recommendations provided by the
manufacturer concerning the maintenance of these
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devices, which will guarantee optimal performance.
Patients that withdraw their consent due to adverse
events will be properly recorded.

Sample Size

For the primary outcome, CAT is a questionnaire
designed to measure the impact of COPD on a person's
life and to assess if there are changes over time or after
an intervention. The CAT has a scoring range of 0-40.
The minimum important difference was found to be in
the range of 2 to 4 points and is a reliable estimate of
clinical improvement when assessing interventions in
research studies using the CAT score. Based on these
data, we determined a mean difference of 2 pointsand a
standard deviation of 6 for our sample size calculation,
using a power of 80% and a significance level of 0.05
(Garcia-Sidro et al,, 2015; Kon et al,, 2014; Zhou et al,
2017). The results showed that 143 subjects will be
needed in each study arm, 286 in total. Assuming a
dropout rate of 20% according to previous literature
(Hansel et al. 2021), we will need to recruit 358 subjects
as our final study population.

Recruitment

Al INER clinic patients will be screened and potentially
eligible participants will be identified. Potential
participants will be assessed by research assistants who
will obtain the informed consent after a complete
explanation of the trial procedures. Once the signed
paperwork is obtained, we will continue the
recruitment process until 358 patients are included.
Recruitment is expected to be completed within 12
months.

Randomization

We will implement a block randomization method with
randomly selected block sizes using a computer-
generated 1:1 Random Allocation Software (Saghaei,
2004). Research assistants in charge of the distribution
of the devices will be involved in the process of
randomization and will have access to the allocation. All
the other parts of the trial will only have access to case-
identifying sequential numbers.

Blinding

We will implement a triple-blinded strategy. All
participants, health care providers, research assistants,
outcome assessors, and statisticians will be blinded.
The intervention used in this study is a well-
documented safe procedure; to our knowledge, there is
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no previous evidence of harm caused by its use.
However, an emergency unblinding protocol would be
implemented in life-threatening circumstances
including unexpected severe respiratory infections
conditions that would lead to inpatient management.
Patients will receive standard care treatment for their
adverse events. In these cases, an assigned investigator
will record the event and proceed to contact the
maintenance staff in charge of the devices and will be
encouraged to maintain blinding as far as possible. The
remaining research staff will be kept blinded. In case of
device malfunctioning, it should be turned off and
removed to prevent any permanent damage to the
performance of the study while the event is evaluated.
We expect that these events will be negligible and if
deemed feasible after analysis of the event, the device
will be cautiously reintroduced following the previous
allocation to avoid unblinding.

Adherence

Arun-in period of 15 days will be implemented to detect
those participants at high risk of non-compliance and

test the potential drop-out rate. During this time
participants' questions will be addressed and proper
use of the device will be evaluated daily. Adherence will
be monitored every week for the first month and then
every month by checking the built-in electronic sensor.
Contacts will be performed via phone calls. Every 4
months the maintenance team will evaluate signs of
usage of the filters and change them if necessary. We
will remind participants of the importance of following
the protocol and detect possible reasons for non-
adherence and reinforce strategies that increase
compliance. If patients find that their sleep or quality of
life is being jeopardized by the devices' sounds,
investigators will offer earplugs to reduce noise during
sleep hours and try to relocate the device inside the
rooms to decrease any nuisance. If the patient decides to
leave the trial, the devices will be collected from the
participant's residency.

Timeline

Enrollment will require approximately 12 months,
including 15 days of run-in evaluation (Figure 1). Either

[ Enrollment ]

Patients with moderate-severe COPD
will be assessed for eliqibility

Excluded participants
Not meeting

inclusion criteria

Recruitment time: 12 months.
Randomized (n=358)

]

\ [

Allocation ]

HEPA and carbon air filters (n= 176 )
Devices should be on 18h/day
" Received allocated intervention

" Did not receive allocated

Sham devices (n=176)
Devices should be on 18h/day
" Received allocated intervention

" Did not receive allocated intervention

\ [ Follow-Up ] \
CAT and EXACT questionnaires, 6 Minute CAT and EXACT questionnaires, 6 Minute
Walk Test, and Spirometry will be performed Walk Test, and Spirometry will be performed
every 4 months. every 4 months.
Monthly phone calls. Monthly phone calls.
Total Follow up: 12 months. Total Follow up: 12 months.

k Analysis ] \

Analysed (n=176)
" Intention to treat analysis

Figure 1. Timeline

Copyright: © 2022 PPCR. The Principles and Practice of Clinical Research

Analysed (n=176)
" Intention to treat analysis
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air filters or sham devices will be used for a year with
follow-up visits every 4 months to record the CAT and
EXACT scores, spirometry, and a 6MWT.

Outcomes

Primary outcome measures

The primary outcome is the CAT average difference in
means between baseline and 4-month measurements.
Additionally, the CAT score will be measured at 8 and 12
months as secondary endpoints.

The difference between the two treatment arms
will be considered a success if a decrease of 2 points in
CAT score is measured (Kon et al,, 2014). Since the CAT
score is a continuous variable, the mean will be used as
a method of aggregation and for comparison between
the results of the two study arms.

Secondary outcome measures

o 6MWT will be performed at baseline and every 4
months. As a continuous variable, a mean will be
reported for each arm (Celli et al, 2016).

o Number of exacerbations will be evaluated by the
EXACT, which defines exacerbation as a 12-point
increase above baseline for two consecutive days or
a nine-point increase for 3 days (Perez-Padilla &
Menezes, 2019, n.d.). We will report this outcome
as a discrete variable at 4, 8, and 12 months.

o Time-to-event for exacerbations will be evaluated
using EXACT definition over 12 months of follow-
up.

o Spirometry will be performed at baseline and every
4 months until completion of 1 year of follow-up.
FEV1 will be reported as a continuous outcome for
each case and the difference of means at each time
point will be used for the analysis.

Data Management

All endpoints will be collected by a trained research
assistant and stored electronically in a centralized
computer and original questionnaires and forms will be
kept at INER. Sociodemographic characteristics
including age, sex, body mass index, controller
medications, Charlson comorbidity index, time spent
indoors, time since smoking cessation, and pack-years,
as well as outcome measurements (CAT, EXACT, FEV1,
6MWT) will be stored in a password protected dataset
with restricted access. Personal identifiers will be stored
in a different password-protected file, only those listed
as co-investigators will have access to the dataset, and
will only be used for logistic purposes. Data integrity will
be ensured through checks at data entry and before
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input into the database. A data manual will be created
and used to unify data collection. A person from the Data
Monitoring Committee will send weekly email reports
on missing data to the INER.

The data will be stored in a cloud and a backup will
be saved weekly. The data will be destroyed after 3
years or after the termination of the study. A Data User
Agreement will be developed establishing the protocol
for sharing information with any eventual collaborators.

Data Monitoring Committee

A Data Monitoring Committee (DMC), including a
clinician, a statistician, and a technician expert on air
filters, independent from the principal investigator will
be established. This Committee aims to ensure the
ethical and safety interests of the subjects (Schoffski et
al, 2021). For this purpose, the DMC will periodically
review cumulative data on efficacy and adverse events.
The latter may include but are not limited to allergies,
headaches, and an increase in respiratory infections.
There are insufficient reports of adverse events related
to HEPA and carbon air filters, and the available
evidence only reports them as ecological niches for
indoor bacteria (Guo et al., 2020) which may represent
a potential source of harm from the devices.

Based on its independent activities, the DMC will
notify the investigators of its recommendations
regarding the continuation, modification, or
termination of the study:.

Statistical Analysis

Absolute frequencies and percentages will be used to
describe the categorical variables. Measurements of
central tendency and dispersion, mean and standard
deviation, or median and interquartile range, will be
used to summarize and describe continuous variables.
The primary outcome is the 4-month difference in CAT
score and will be presented as the difference between
two means of control and intervention groups. Intention
to treat and per-protocol analyses will be performed.
Student t-test will be used for comparison under the
assumption of normality, which will be evaluated using
a Shapiro-Wilk test. If normality assumption is not
satisfied, a Mann-Whitney U test will be used instead.
The analysis of secondary outcomes, mean number of
exacerbations, distances from 6MWT and FEV1 will be
compared using t-test. Survival analysis will be
performed for the time-to-event, in this case, COPD
exacerbations. As we will recruit patients with different
disease severity, we will perform a subgroup analysis to
assess any differences that may arise between different

13
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disease stages, as well as gender, age, and smoking
history. STATA- BE 17.0 will be used as a software
platform for all statistical analysis. A difference was
determined to be significant in all tests with a p-value
<0.05.

Missing data

Strategies will be implemented to prevent missing data,
simple and accessible guidelines will be provided to
both outcome assessors and research staff. Patients will
receive a thorough explanation and will have access to a
research assistant that will solve their questions to
decrease the rates of drop-out. All data will be analyzed
by intention to treat. A per-protocol analysis will also be
conducted to assess the confidence in the results.
Multiple imputation methods and a sensitivity analysis
will be used for missing data (Jakobsen et al., 2017).

DISCUSSION

This study tests the efficacy of a novel intervention that
may reduce costs in the care of patients with COPD and
would have a significant impact on health and quality of
life. Its strengths include a larger sample than prior
studies that evaluate the efficacy of this intervention,
which will provide sufficient power to detect a small but
clinically significant effect. The INER will facilitate
recruitment since it is a large referral center for COPD
patients, ensuring an adequate recruitment rate and
achieving the expected sample size. We aim to include
only moderate to severe COPD patients, which
decreases heterogeneity and increases the likelihood to
detect a significant effect of the intervention. The use of
HEPA filters has proved to be safe, with few side effects
described in the literature; this feature would likely
decrease the number of people refusing to participate,
dropouts, or emergency unblinding scenarios. Protocol
adherence will be measured with electronic sensors,
which may provide an objective estimation for
adherence to protocol. Randomization ensures a
balance for significant covariates and our follow-up will
be longer than previous studies that only evaluated the
effect of the intervention after 6 months (Hansel et al,,
2021).

Nevertheless, this study has several limitations
such as poor control over outdoor exposure to
pollutants. The subjects included in our target
population present moderate and severe COPD from a
reference center, which may lead to selection bias and
limited generalizability. The above limitations may have
implications for the interpretation of our findings.
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If our study rejects the null hypothesis, a large
population with this condition may be able to access a
device that may have a positive impact on their health
outcomes. If we fail to reject the null, we can still expect
itto contribute to the existing evidence on interventions
to modify air quality in respiratory diseases. Finally, the
GREAT-COPD trial results can potentially lead to the
creation of guidelines, reduction of COPD economic and
quality of life burden, and the creation of healthcare
policies to direct resources towards air quality
improvement.
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