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Abstract
Background: An estimated 5 to 8 million US children live with a parent who uses cannabis, and most cannabis users report
smoking cannabis inside their homes, placing children at risk for cannabis secondhand smoke (cSHS) exposure. Indoor air
quality (IAQ) monitoring provides real-time feedback on airborne pollutants and has shown promise in reducing in-home
tobacco secondhand smoke exposure, suggesting its potential as an effective harm reduction strategy for cSHS.
Objective: This pilot study evaluated the feasibility, acceptability, and preliminary effectiveness of using low-cost, off-the-
shelf IAQ monitors to increase caregivers’ awareness of children’s cSHS exposure risk and to change smoking behavior.
Secondary aims were to assess participant engagement, perceived usefulness, and household communication regarding
in-home cannabis smoking.
Methods: Between February 2025 and April 2025, 14 adults who smoked cannabis indoors and lived with at least 1 child
aged younger than 16 years were recruited primarily via targeted social media advertisements and completed a 3-week trial.
Participants received an Awair Element IAQ monitor, printed health education materials, and text messaging prompts for brief
surveys. The IAQ monitor continuously measured PM2.5, VOCs, CO₂, temperature, and humidity. Daily surveys captured
self-reported PM2.5 readings and recent cannabis use, while baseline and end-of-study assessments evaluated IAQ perceptions,
cSHS risk awareness, and in-home smoking behavior. Survey results were summarized via descriptive statistics, and linear
mixed-effects models were used to characterize objective IAQ trends. Six additional adult household members provided
parallel end-of-study data.
Results: Reported engagement was high, with 85% (11/13) of participants indicating that they reviewed the monitor at least
daily. The average number of days in the previous week that a caregiver reported a child being home while cannabis was
smoked declined from 4.5 (SD 2.2) at the trial start to 2.8 (SD 2.9) at the end (6/13, 46% had a reduction; 1/13, 8% reported
an increase). Furthermore, 62% (8/13) of participants reported that they reduced (4/13, 31%) or thought about changing
(4/13, 31%) their smoking habits. Around 62% (8/13) of participants agreed or strongly agreed that IAQ monitoring helped
drive conversations about changing indoor smoking rules, while 100% (13/13) reported no IAQ-driven disagreements among
household residents regarding in-home smoking rules. A linear mixed-effects model did not indicate a consistent trend in
PM2.5 levels across participants over time (β=–0.28; SE 1.13; P=.81), but there was heterogeneity in trends, and those with the
largest reductions in PM2.5 over the trial had the largest reduction in reported children’s cSHS exposure.
Conclusions: In-home IAQ monitoring was feasible and perceived as useful among caregivers who smoked cannabis indoors.
Real-time IAQ feedback supported risk awareness, promoted family dialogue, and coincided with reductions in in-home
smoking around children. These findings suggest that IAQ feedback may represent a scalable tool for reducing children’s
cSHS exposure and merits further testing in larger, controlled trials.
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Introduction
An estimated 5.3 to 8 million children in the United States
reside with a parent who actively uses cannabis [1], which
occurs within the context of increasing cannabis use in the
United States [2,3]. Among parents living with children,
past-month cannabis use increased by 38.8%, from 4.9%
in 2002 to 6.8% in 2015 [1], the most recent year for
which national estimates are available. Smoking is the most
common method of cannabis use [4], and in-home canna-
bis smoking is now more prevalent than in-home tobacco
smoking [5]. In a nationally representative sample, a majority
of cannabis users reported smoking cannabis in their home
within the past month (weighted estimate: 54.9%; unweigh-
ted: 66.0%) [6], which places other household residents,
including children, at risk for cannabis secondhand smoke
(cSHS) exposure [7]. Furthermore, validated cSHS biomark-
ers [8,9] show that among children aged 3 years and younger,
the odds of cSHS exposure were 5.02 times higher when their
caregiver reported in-home cannabis smoking versus when
they did not [10].

While the long-term health impacts of exposure to cSHS
are still emerging [11], the well-established risks of tobacco
SHS exposure raise concerns that cSHS may pose similar
dangers [12]. Cannabis and tobacco smoke have substan-
tial overlap in harmful chemical constituents (eg, volatile
organic compounds [VOCs] and carcinogens) [13-15], and
both products emit large quantities of airborne PM2.5 (fine
particulate matter with a diameter <2.5 μm) [16-18]. PM2.5
is the pollutant considered most hazardous to global health
and the foremost environmental risk factor for cardiovascu-
lar disease [19,20]. In addition, cSHS exposure has been
linked to increased respiratory symptoms [21], eye irritation
[22], and psychoactive effects [23]. Generally, children are
more vulnerable to environmental toxins [24-26], which may
exacerbate their health risks from cSHS exposure. Accumu-
lating evidence links caregiver cannabis use to child health,
including poorer respiratory function [27], increased risk for
asthma [28], higher rates of behavior problems [29], and a
marginally significant increase in respiratory and allergic or
atopic conditions [30]. These findings underscore the need to
reduce children’s exposure and highlight the importance of
identifying factors that influence caregivers’ efforts to do so.

Increasing parents’ awareness of tobacco secondhand
smoke (SHS)-related health risks has been shown to increase
their protective behaviors, such as establishing smoke-free
home policies [31-38]. A similar dynamic may result from
increasing parental awareness of children’s cSHS exposure.
For example, adults who rated cSHS as extremely harm-
ful were 6 times more likely to adopt protective behav-
iors compared to those who considered it completely safe
[39]. However, challenges undermine the awareness of cSHS
risks. Many smokers lack an accurate understanding of SHS
exposure dynamics and report that exposure occurs only when

smoke is visible or smelled [40], even though more than
80% of tobacco SHS is invisible to humans [41]. While this
misperception has been noted for tobacco, it likely also exists
for cannabis and is exacerbated by a prevalent misconcep-
tion that cSHS is not as dangerous as tobacco SHS [42-44].
Together, these phenomena may reduce caregivers’ urgency
to mitigate their children’s cSHS exposure.

Indoor air quality (IAQ) monitoring is a promising
strategy to increase parental awareness of cSHS exposure
and to prompt efforts to reduce it. Such systems deploy
in-home sensors that continuously track airborne pollutants
(eg, particulate matter, VOCs, and carbon monoxide), which
are likely elevated in homes when cannabis is smoked.
Based on tobacco intervention studies that have used IAQ
monitoring along with related feedback to reduce SHS
exposure, this approach holds great promise for improving
cSHS risk awareness among caregivers who smoke cannabis.
For example, in a randomized clinical trial conducted with
approximately 300 parents who smoked tobacco and lived
with at least 1 child, residential IAQ monitoring combined
with real-time feedback of PM2.5 levels reduced SHS in
households by 18.8% [45,46]. A second randomized clinical
trial found no evidence that IAQ feedback prompted the
creation of smoke-free homes among mothers exposed to
SHS, though the observation period was limited to 6 days
and participants were not required to be smokers [47].

The purpose of this study, the Cannabis Air Quality
Study (C-AIR), was to pilot test the feasibility and accept-
ability of using off-the-shelf Internet of Things (IoT) air
monitors for caregivers who smoke cannabis indoors and live
with children. Specific aims included assessing participants’
engagement, perceived usefulness, awareness of cSHS risks,
household communication about smoking rules, and smoking
behavior change. Where available, data from additional
household members were collected to provide broader context
on the intervention’s acceptability and utility.

Methods
Ethical Considerations
In accordance with federal regulations for the protection of
human participants, this study was reviewed and approved
by the Chapman University Institutional Review Board
(IRB-25‐72). All participants provided informed consent
before enrollment, and all data were deidentified for analysis
to maintain participant confidentiality. Participants who fully
completed the study were paid US $120 in compensation,
which was provided at 3 study time points.
Participants and Recruitment
Primary participants were recruited via targeted digital
advertisements on Facebook and Instagram between February
12, 2025, and April 28, 2025. As shown in Multimedia
Appendix 1, ads were created using Meta’s Ad Manager
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tool, which tailors content to optimize engagement across
various components of their ecosystem (Facebook Ads,
Instagram Reels, phone vs computer, and so on). We also
identified cannabis-related forums on Reddit and contacted
the moderators to provide details about the study and inquire
whether their platform would be an appropriate venue for
recruitment. If a positive response was received, we created
a post with a PDF version of the Meta advertisement and
a clickable link. Finally, the researchers recruited 2 partici-
pants from their extended personal network. Fourteen adults
were enrolled according to the following inclusion criteria:
(1) aged at least 21 years; (2) resided in California; (3)
spoke English; (4) had a smartphone and in-home WiFi; (5)
reported smoking cannabis indoors at least once per week,
with bioverification of cannabis use; and (6) lived with at
least one child aged younger than 16 years.

To capture the experiences of household members not
directly involved in the intervention, each primary partic-
ipant was invited, at the end of the trial, to identify 1
adult household member to serve as a household participant
respondent. Six respondents were enrolled (a maximum of
one per household), and each completed a survey regarding
their experiences.

Study Overview
Participants completed screening, provided informed consent,
underwent bioverification, and participated in a baseline
assessment prior to receiving an IAQ monitor for a 3-week
intervention period. During the study, participants completed
brief daily or near-daily surveys that assessed their abil-
ity to interpret monitor readings and their recent smoking
behaviors. At the conclusion of the intervention, participants
and, when available, 1 additional adult household member
completed end-of-study assessments regarding experiences,
behaviors, and perceptions of cSHS.

Study Procedures
Eligible respondents were identified via an initial screening
survey and completed a 20-minute enrollment call, during
which study procedures were reviewed, informed consent was
obtained, and a baseline assessment video call was scheduled.
Participants were then mailed an in-home cannabis urine
bioverification kit (Easy@Home Marijuana Urine Test, Easy
Healthcare Corp) and were instructed to complete the test
5 minutes prior to their scheduled baseline assessment. At
the start of the call, participants displayed the test result
on camera for interviewer verification. Participants with
confirmed cannabis use completed a baseline questionnaire
administered via a computer-assisted telephone interview
conducted through Qualtrics, which assessed demographics,
perceptions of IAQ, awareness of cSHS risks, smoking
behaviors, and attitudes toward secondhand smoke mitigation.
All participants received a US $30 Amazon gift card for
completing the bioverification, regardless of the result.

Following the baseline assessment, participants were
mailed an IAQ monitor kit that included (1) an Awair
Element [48] air monitor (Bitfinder, Inc), (2) printed
installation and usage instructions, (3) an information sheet

describing the health risks of PM2.5 and its presence in cSHS
(Multimedia Appendix 1), and (4) return packaging with
prepaid postage. The Awair Element is an off-the-shelf IoT
IAQ monitoring device that continuously measures PM2.5,
total VOCs, CO₂, temperature, and humidity. It features
onboard WiFi for automatic cloud-based data upload, a large
alphanumeric display that shows real-time IAQ readings, and
a companion mobile app that allows participants to access
real-time and historical data. Awair also provides a cloud-
linked dashboard that serves as a centralized system where
C-AIR study personnel could monitor device connection
status and current or historical IAQ data from all deployed
devices.

Participants were instructed to install the device in
the primary living area where cannabis smoking typically
occurred. Device connectivity was monitored through the
Awair dashboard, and if installation was not confirmed within
24 hours of delivery (as tracked via the United States Postal
Service), a reminder text was sent. For the small number of
participants (n=4) who required installation support, sending
a recorded video guide resolved the issue in every case. Upon
confirmation of successful installation, participants received
an additional US $30 Amazon gift card. To encourage
regular engagement with the IAQ monitor and promote
an accurate understanding of its functionality and output,
participants received automated SMS text messaging prompts
via REDCap (Research Electronic Data Capture; Vanderbilt
University) at 7 PM daily during the first week of the study
and every other day during the remainder of enrollment. Each
message included a link to a brief survey asking participants
to report (1) the highest PM2.5 value observed that day, as
highlighted within the Awair companion app; (2) the time of
their most recent indoor cannabis use; and (3) the time of
their most recent indoor tobacco use (for dual cannabis and
tobacco users only).

At the conclusion of the 3-week intervention, participants
completed a computer-assisted telephone interview-adminis-
tered end-of-study questionnaire assessing their experiences
with the air monitor, recent smoking behaviors, perceptions
of cSHS, and other relevant feedback. A US $60 Amazon
gift card was provided upon completion of this assessment,
bringing the total compensation for the study to US $120.
Participants were instructed to return the Awair monitors
using the prepaid shipping materials provided. SMS text
messaging reminders were sent if the device was not received
within 7 days of the final assessment.

Following the end-of-treatment assessment, participants
were asked whether any other adult household member would
be willing to enroll as a household participant and com-
plete a survey about their experiences. Interested individuals
were sent a link to a screening survey and were instruc-
ted to forward it to the other household member. House-
hold membership was confirmed by cross-referencing the
self-reported age, gender, and first initial of each respond-
ent with household composition information provided by the
primary participant at the outset of the trial. Once eligibility
was confirmed (see “Participants and Recruitment” section
for inclusion criteria), a link was sent to a self-administered
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online survey that assessed behaviors and patterns regarding
substance use, attitudes toward the air monitor, and family
dynamics around IAQ monitoring. Household participants
received a US $30 Amazon gift card upon survey completion.
Study Measures
Assessment measures were drawn from multiple sources.
Cannabis use frequency and patterns were assessed using
items adapted from the Daily and Future Assessment of
Cannabis Use [49]. Motivation to quit was assessed via the
single-item Motivation to Stop Scale [50]. The severity of
cannabis and nicotine addiction was based on the Fager-
ström Test [51]. Items assessing IAQ perceptions, house-
hold smoking behaviors, and end-of-study process variables
were developed specifically for this study by a research
team with extensive expertise in secondhand smoke exposure
and behavioral intervention research, with select measures
drawn from their previous studies [52,53]. All measures were
administered at baseline, with a subset of items repeated at
the end of the study to assess change over time. Responses
were captured using a combination of Likert-type scales,
ordinal response options, and numeric sliders. The full survey
instrument is shown in Multimedia Appendix 2.
Statistical Analyses
Given the small sample size for this pilot study, our ana-
lytic approach primarily consisted of descriptive statistics of
responses to selected questions. Cross-tabulations were used
to assess the relationship between perceptions of in-home
smokiness and children’s exposure to cSHS at both the
beginning and end of the study. Differences at the beginning
and end of the trial in self-reports of children’s presence in
the home while cannabis was smoked were recorded as a
numeric change, and they were assessed via a paired 2-sample
2-tailed t test. These changes were cross-referenced with
perceptions of in-home smokiness and children’s exposure
to cSHS (descriptive statistics only, due to the small sample
size).

To examine individual trajectories and overall patterns in
objectively measured IAQ, PM2.5 values were aggregated
at the day level for each participant. Self-reported PM2.5

measures were only used to assess engagement. Prelimi-
nary analyses using nonparametric smoothing indicated that
trajectories were approximately linear, so we opted for a
linear mixed-effects model with fixed effects for time (ie,
day) and random intercepts and slopes for each participant.
This approach captures both average trends and individual
variation in the rate of change. Three participants were
excluded from this analysis due to a data logging error
that generated missing IAQ data during their first week of
enrollment. Data from the remaining 11 participants were
modeled over their first 18 days of enrollment in order
to retain the largest possible analytic sample, as 2 partici-
pants’ observation periods ended after days 18 and 19 due
to attrition. This approach was then repeated for the Awair
score, which is a proprietary metric of IAQ that considers
all features (contamination, temperature, humidity, and so
on) and is highlighted by default in the Awair app. Changes
in PM2.5 values were also cross-referenced with self-reports
of children being present in the home while cannabis was
smoked. The mixed-effects models were estimated using the
lme4 package in R software (R Foundation for Statistical
Computing) with restricted maximum likelihood.

Results
Recruitment and Retention
As shown in Table 1, C-AIR social media advertisements
generated 104,500 views and 2891 clicks (US $0.29/click),
resulting in 278 completed screening surveys. Of these, 38
respondents met eligibility screening criteria; 15 advanced
to the consent or bioverification stage, while the remain-
ing eligible respondents were lost prior to consent due to
nonresponse or failure to schedule a consent appointment.
Bioverification of cannabis use was positive for all partic-
ipants, but 1 participant was dropped after failing to con-
firm that they lived with a child aged younger than 16
years during the baseline assessment. In total, 14 participants
were enrolled, with one unable to complete the end-of-trial
assessment due to a family emergency. All but one air
monitor was successfully returned.

Table 1. Participant flow from digital impressions for a targeted social media campaign through the analytic samplea,b.
Views Clicks Completed screening survey Eligible Enrolled Completed all study surveys Sufficient data for IAQc modeling

104,500 2891 278 38 14 13 11
aOne participant was unable to complete the end-of-study assessment due to personal circumstances, but remained actively engaged throughout the
monitoring period.
bSufficient data for IAQ modeling was defined as having recorded PM2.5 data over the first 18 days of enrollment. PM2.5 is the fine particulate matter
with a diameter <2.5 µm.
cIAQ: indoor air quality.

Participant Demographics
Table 2 shows the demographics of study participants. They
were primarily female, non-White, and college graduates,
with an average age of 42.3 (SD 11.2) years and an average
household income of US $67,714 (SD US $42,707). The

mean age of the youngest child in the home was 11.3 (4.5)
years. Nearly 80% of participants reported smoking cannabis
multiple times per day over the past month, and on days when
cannabis was smoked, an average of 3.4 (SD 2.6) cannabis
smoking events occurred in the home.
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Table 2. Participant characteristics (N=14).
Characteristics Values
Age, mean (SD) 42.3 (11.2)
Youngest child’s age, mean (SD) 11.3 (4.5)
Gender, n (%)
  Female 10 (71)
  Male 4 (29)
Race or ethnicity, n (%)a
  Asian 1 (7)
  Black 2 (14)
  Middle Eastern 1 (7)
  Mixed race or ethnicity 3 (21)
  White 6 (43)
  No response 1 (7)
College degree or higher, n (%) 12 (86)
Currently employed, n (%) 9 (64)
Household income (US $), mean (SD) 67,714 (42,707)
Another adult lives in home, n (%) 11 (79)
Own residence, n (%) 5 (38)
Tobacco smoker, n (%) 6 (43)
Smoke cannabis multiple times per day, n (%) 11 (79)
Number of In-home cannabis events on typical day you smoke, mean (SD) 3.4 (2.6)
Desire to quit cannabis, n (%)
  “I don’t want to quit” 10 (71)
  “I think I should, but don’t want to quit” 2 (14)
  “I want to quit and hope to soon” 1 (7)
  “I want to stop but haven’t thought about when” 1 (7)
Primary method of cannabis administration, n (%)
  Joints or blunts 9 (64)
  Pipe or water pipe or bong 3 (21)
  Vaporizer 2 (14)

aRace or ethnicity was collected via open-ended self-report and subsequently coded into categories.

Engagement with and Accuracy in
Interpreting IAQ Data
Participants regularly reviewed IAQ data, with 85% (11/13)
indicating that they reviewed the monitor at least daily,
including 38% (5/13) who reviewed it multiple times per
day. Furthermore, 77% (10/13) of participants reported a
consistent level of engagement throughout the trial.

A total of 192 daily surveys were distributed to primary
participants (14 per participant, minus 4 that were not
sent due to a software error), with 166 (86%) completed.
The survey asked participants to report the highest PM2.5
concentration over the past 24 hours, as highlighted within the
Awair companion app. Reported values were compared with
those logged by the IAQ monitor so that accuracy could be
assessed. Across all responses, 36.5% were accurate (exact
matches), with a mean/median participant-level match rate
of 36.9%/40.3%. Five participants had no exact matches,
while 4 achieved matches on 75% or more of their respon-
ses, indicating substantial heterogeneity in the accuracy of
participants’ app reviews.

Perceived Usefulness and Impact
on cSHS-Related Household
Communication
At the conclusion of the trial, participants indicated that the
IAQ monitor was useful, with a large proportion strongly
agreeing that they would recommend the device to cannabis
smokers trying to reduce cSHS in their homes (10/13, 77%)
or reduce their cannabis smoking (9/13, 69%).

Many participants also reported that the IAQ monitor
facilitated constructive conversations around indoor smoking.
Specifically, 54% (7/13) strongly agreed and 15% (2/13)
agreed that the IAQ monitoring helped drive conversations
about changing indoor smoking rules. Importantly, of the
10 participants who live with at least 1 other adult, 90%
(9/10) strongly disagreed and 10% (1/10) disagreed with the
statement that the IAQ monitor led to disagreements among
household residents regarding in-home smoking rules.
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Changes in Self-Reported In-Home
Cannabis Smoking Behavior
Beyond facilitating discussions, we find evidence that IAQ
monitoring may also influence caregivers’ indoor cannabis
smoking practices. Many participants reported modifying
their in-home smoking behavior during the monitoring period.
In particular, the average number of days in the previous
week that a caregiver reported a child was in the home
while cannabis was smoked declined from 4.5 (SD 2.2) at the
beginning of the trial to 2.8 (SD 2.9) at the end (P=.14; Cohen
d=0.46; n=13). At baseline, no participants reported 0 days in
the past week during which a child was home while cannabis
was smoked. By the end of the trial, 4 (28.6%) reported 0
days, including 2 of the 5 participants who had reported every
day at baseline.

More broadly, IAQ monitoring coincided with shifts in
general cannabis smoking behavior, independent of whether
smoking occurred indoors or around children. Around 62%
(8/13) of participants reported that they either reduced (4/13,
31%) or thought about changing (4/13, 31%) their cannabis
smoking habits during the study. Furthermore, when asked to

estimate the percentage of all cannabis smoking events over
the past week that occurred inside the home, there was a
modest decrease from 77.2% to 70.0%. No discernible pattern
was observed between the desire to quit cannabis and any of
these outcomes.
Changes in Perceived IAQ and cSHS
Exposure Risk
IAQ monitoring was also associated with changes in
participants’ perceptions of their home’s IAQ and children’s
exposure risk. For instance, Table 3 depicts the self-repor-
ted smokiness of the home at the beginning and end of the
study. Over half (7/13) of the participants changed their
views of their home’s smokiness over the course of the
trial, with 57% (4/7) reporting improvements in IAQ by the
study’s end. Those reporting improved IAQ had the most
in-home cannabis events with a child present at baseline
and the largest reduction at the end of the trial. Those
whose perceptions of IAQ did not change had more modest
reductions in in-home cannabis events with a child present,
while those who felt their IAQ had worsened experienced no
change.

Table 3. Perceived home smokiness and associated in-home cannabis smoking behavior among caregivers who smoke cannabis indoors and have
completed all surveys (N=13).
Response Baseline End of treatment
How smoky is your home? n (%)
  Not at all 2 (15) 3 (23)
  A little 5 (38) 7 (54)
  Somewhat 4 (31) 1 (8)
  Very 1 (8) 2 (15)
  Do not know 1 (8) 0 (0)
Number of in-home smoking events over past week with a child at home, stratified by the direction of change in perceived smokiness from baseline to end-
of-treatment (n=12)
  Increased perceived smokiness (n=2) 4.0 (1.4) 4.0 (1.4)
  Consistent perceived smokiness (n=6) 3.2 (2.0) 1.8 (2.7)
  Decreased perceived smokiness (n=4) 7.0 (0.0) 3.5 (4.0)

aOne participant could not be classified as increased, consistent, or decreased perceived smokiness since they reported that they did not know how
smoky their home was at baseline.

In addition to general air quality perceptions, we compared
parents’ baseline versus end-of-study reports of children’s
risks of cSHS exposure (Table 4). Both participants who
initially indicated that their children were at no risk reported
elevated risk at the trial’s conclusion. Among the 4 partici-
pants who initially rated their children as very much at risk,
3 perceived lower risk at follow-up, with 2 reporting no risk
at all. Of those who reported their children were somewhat
at risk, 57% (7/ 4/7) continued to believe this at the end of

the trial, while 43% (3/7) perceived less risk. Importantly,
reductions in perceived cSHS risk were accompanied by
markedly lower numbers of in-home cannabis smoking events
with a child present. In contrast, those whose risk percep-
tions increased or remained unchanged showed essentially no
change in smoking events.

Given the small subgroup sizes in this section, these
findings should be interpreted with caution.

Table 4. Perceived children’s risk of cannabis secondhand smoke (cSHS) exposure and associated in-home cannabis smoking behavior among
caregivers who smoke cannabis indoors and completed all surveys (N=13).
Response Baseline End of treatment
How at risk are your children to cSHS exposure? n (%)
  No risk at all 2 (15) 5 (38)
  Somewhat at risk 7 (54) 7 (54)
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Response Baseline End of treatment
  Very much at risk 4 (31) 1 (8)
Number of in-home smoking events over past week with a child at home, stratified by the direction of change in perceived child risk from baseline to end-of-
treatment, mean (SD)
  Increased perceived risk (n=2) 6.0 (1.4) 6.0 (1.4)
  Consistent perceived risk (n=5) 4.0 (2.7) 4.2 (2.6)
  Decreased perceived risk (n=6) 4.6 (2.3) 0.5 (1.2)

Objective IAQ Measures
The linear mixed-effects model indicated no consistent trend
in levels across participants over time for either PM2.5 (β=–
0.28; P=.81) or Awair score (β=0.02; P=.91). However,
there was substantial individual variability in baseline levels
and rates of change, as reflected in the random intercept
and slope terms. This pattern is consistent with the study
design, in which air monitors began recording immediately
upon installation without a baseline or run-in period, likely
contributing to individualized reactivity. Figures 1 and 2
illustrate the participant-specific trajectories, highlighting the
heterogeneity in PM2.5 and Awair score patterns across
individuals.

Individual participant trajectories were also cross-ref-
erenced with participants’ perceptions and self-reported

behaviors. The 6 participants with a greater than 10%
decrease in PM2.5 measures had the largest reduction in the
average number of self-reported in-home cannabis events
with children present (−3.33 vs 0 for no change in PM2.5
and −2 for increasing trajectories), thereby validating their
observations of reduced indoor cannabis smoking episodes.
Furthermore, among participants whose PM2.5 trajectories
increased or remained consistent, 50% (2/4) never accurately
reported their highest PM2.5 reading on a daily survey,
compared to 6 of 7 participants with decreasing trajectories
who had at least 1 accurate reading, suggesting that the ability
to accurately read the monitor may be a key mechanism
linking IAQ feedback to behavior change. Among partici-
pants with decreasing PM2.5 trajectories, 4 of 6 also reported
reduced perceptions of children’s cSHS exposure risk, though
the small subgroup sizes preclude firm conclusions.

Figure 1. Estimated participant-specific trajectories over the intervention period from linear mixed-effect models of PM2.5 daily means for each
participant, with the thick black line representing the fixed effect. The remaining trajectory colors reflect the direction and magnitude of change in the
estimated values from day 0 to 17: green indicates an increase of greater than 10%, red indicates a decrease of greater than 10%, and blue indicates a
change of less than 10%. PM2.5: fine particulate matter with a diameter of less than 2.5 µm.
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Figure 2. Estimated participant-specific trajectories over the intervention period from linear mixed-effect models of Awair score daily means for each
participant, with the thick black line representing the fixed effect. The remaining trajectory colors reflect the direction and magnitude of change from
day 0 to day 17: red indicates a decrease of greater than 10%, and blue indicates a change of less than 10%.

Household Participant Reports
Six households had an additional adult who completed
a questionnaire as a household participant. Four of these
individuals were a spouse or significant other of the primary
participant, while one was an adult child and the other was a
roommate. Five smoked cannabis every day or most days,
while one smoked on some days. As was the case with
the primary participants, household participants updated their
perceptions of their home’s IAQ with a trend toward poorer
IAQ at the outset of the study than they initially suspected.
More specifically, 4 out of 6 (67%) participants retrospec-
tively reported poorer IAQ at the beginning of the survey
compared to their current IAQ. Around 4 of 6 (67%) of
household participants either agreed or strongly agreed with
the statement that the IAQ monitoring was helpful for family
conversations about smoking rules. About 3 of 6 (50%) either
disagreed or strongly disagreed with the statement that IAQ
monitoring led to disagreements about household smoking
rules, with 2 of the remaining 3 participants indicating that
this question was not applicable, likely due to no discussions
occurring.

Discussion
Summary of Findings
This pilot study demonstrates that in-home IAQ monitor-
ing was feasible among caregivers who smoke cannabis
indoors. Participants reported reductions in in-home cannabis
smoking while children were present, increased perceptions

of children’s cSHS risks, increased household communica-
tion about smoking rules, and high perceived usefulness
of the devices. Together, these findings provide prelimi-
nary evidence that a brief IAQ monitoring intervention can
prompt meaningful behavioral and attitudinal change in this
population without introducing interpersonal conflict to the
household.
Interpretation and Comparison With Prior
Work
The largest decreases in indoor cannabis smoking were
observed among those who, after IAQ monitor deployment,
also reported the greatest perceived improvements in air
quality and reductions in children’s cSHS risk. These trends
suggest that IAQ feedback may facilitate harm-awareness and
harm-reduction behaviors within the household. However,
among the slightly more than half of participants who
reported no change or worsening air quality and cSHS
risk, there was little evidence of change in the number
of in-home cannabis smoking events while children were
present. This pattern may indicate limitations in the effec-
tiveness of pairing IAQ monitoring with only brief written
health education provided at the study’s initiation. Based on
evidence from tobacco SHS reduction trials, it is likely that
more intensive counseling paired with IAQ monitoring would
be more effective in generating reductions in cSHS. Future
work should explore how additional behavioral or educational
supports might amplify the impact of IAQ feedback.

Most participants found the IAQ monitors useful
and—critically—reported that the devices helped drive
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conversations about changing indoor smoking rules. Notably,
the intervention did not generate household conflict around
cSHS exposure and efforts to mitigate children’s risk,
an important consideration when designing family-centered
public health interventions. This observation suggests that
IAQ monitoring can facilitate constructive, data-driven
discussions about exposure, which could be particularly
valuable in homes where power dynamics might otherwise
stifle such conversations.

Low-cost, IoT-enabled IAQ monitoring has emerged as
a feasible and accessible approach for residential settings,
with recent systematic reviews confirming the viability of
consumer-grade sensors for home-based air quality assess-
ment [54]. Early work demonstrated that visualizing IAQ
data within social networks increased awareness, prompted
behavior change, and fostered collaborative household efforts
to improve air quality [55]. Subsequent feasibility work
confirmed that IAQ monitoring was acceptable and useful
among parents in households with SHS exposure [56]. This
approach has also shown promise in health-focused apps,
with studies demonstrating the feasibility of pairing low-cost
IAQ monitors with ecological momentary assessment in
homes with children who have asthma [57] and documenting
high usability and positive participant feedback when using
devices to track residential PM2.5 in underserved popula-
tions [58]. In tobacco-focused SHS interventions specifically,
IAQ monitoring paired with personalized feedback has been
found to be both feasible and acceptable among caregiv-
ers who smoke indoors with young children, with partici-
pants identifying personalized exposure feedback as a key
motivator for behavior change [59]. This study extends this
body of work to the underexplored context of residential
cannabis smoking and children’s cSHS, where such tools
remain largely untested. Furthermore, the current off-the-shelf
IAQ technology used in this project, similar to that deployed
by Cavalier et al [58], represents a substantial advancement
in ease of use and overall user experience compared to the
real-time IAQ systems deployed in previous tobacco-focused
studies and interventions. These improvements, together with
the project’s demonstrated success in remotely enrolling
participants and bioverifying cannabis use, suggest that this
approach could be scalable for future efficacy and implemen-
tation trials.
Limitations
This study has several limitations. The small sample size
and lack of a control group limit generalizability and prevent
strong causal claims. This is particularly true for subgroup
findings, which should be considered exploratory and are
most appropriate for hypothesis generation. As is common
with targeted social media recruitment, uptake among those
who encountered study advertisements was low, which has

implications for the scalability of this recruitment approach.
A data logging error resulted in the exclusion of 3 partici-
pants from the IAQ modeling analysis, further reducing an
already small analytic sample. Outside of the air monitors,
all outcome data were self-reported and may be subject
to recall or social desirability bias. However, the consis-
tency of patterns across multiple domains lends credibility
to the findings. In addition, our study captured a relatively
short time window, and longer-term impacts on behavior
and sustained device engagement remain unknown. Finally,
because there was no baseline IAQ measurement period
during which participants were blinded to monitor readings,
reactivity to the device precluded the IAQ measures from
serving as an objective outcome measure.
Conclusions
Our findings add to a growing body of evidence suggesting
that cSHS may warrant comparable public health attention.
The lack of regulatory messaging and widespread mispercep-
tions around cSHS risks creates a clear need for tools that can
bridge this gap. IAQ monitoring is well-positioned to serve
as one such tool, particularly because it allows for nonjudg-
mental, data-driven engagement with smokers who may not
otherwise view their behavior as harmful. This pilot study
demonstrates that low-cost, off-the-shelf IAQ monitors are
feasible to install in cannabis-using households and poten-
tially impactful for reducing children’s exposure to cSHS.
Participants engaged with the devices, perceived them as
useful, and reported meaningful shifts in behavior and family
dialogue. These findings suggest that even simple environ-
mental feedback tools can serve as powerful behavioral cues,
offering a scalable strategy for addressing cSHS in homes
where children are present.

Future studies should build on this work by enrolling
larger samples to improve generalizability and explore
whether IAQ monitoring is equally effective across a range
of household contexts. There is also a need to develop
counseling protocols that incorporate real-time IAQ feed-
back to help families identify specific times, triggers, or
contexts associated with cSHS exposure, which enables the
creation of personalized harm-reduction strategies. Embed-
ding IAQ monitoring into existing systems, such as pedia-
tric care, primary care visits, and/or cessation counseling,
could amplify its reach and normalize its use in both clinical
and community settings. Importantly, these efforts should
be pursued in close collaboration with community stakehold-
ers to ensure that cannabis users can help shape how these
technologies are introduced, interpreted, and acted upon
in their own lives. Such co-design processes will increase
the relevance, acceptability, and sustainability of IAQ-based
interventions [60,61].

Acknowledgments
The authors wish to acknowledge Awair for its technological assistance. Artificial intelligence was used to generate code for
statistical analyses and to polish manuscript writing. The authors declare the use of generative artificial intelligence (AI) in the
research and writing process. According to the GAIDeT taxonomy (2025), the following tasks were delegated to GAI tools
under full human supervision: proofreading and editing, adapting and adjusting emotional tone, and reformatting. The GAI tool

JMIR FORMATIVE RESEARCH Berardi et al

https://formative.jmir.org/2026/1/e89820 JMIR Form Res 2026 | vol. 10 | e89820 | p. 9
(page number not for citation purposes)

https://formative.jmir.org/2026/1/e89820


used was Claude Sonnet 4.6. Responsibility for the final manuscript lies entirely with the authors. GAI tools are not listed as
authors and do not bear responsibility for the final outcomes.
Funding
This research was funded by the Chapman University Office of Research & Graduate Education.
Data Availability
The datasets generated or analyzed during this study are available from the corresponding author upon reasonable request.
Authors’ Contributions
Conceptualization: VB, BNC, SJL
Data curation: VB, EKS, DGL
Formal analysis: VB, EKS
Funding acquisition: VB, BNC, SJL
Investigation: VB, EKS, DGL
Methodology: VB, BNC, LMG, EKS, DGL, SJL
Project administration: VB, EKS
Supervision: VB
Visualization: VB
Writing–original draft: VB
Writing–review & editing: VB, BNC, LMG, EKS, DGL, SJL
Conflicts of Interest
None declared.
Multimedia Appendix 1
Recruitment and study materials.
[DOCX File (Microsoft Word File), 413 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Assessment survey.
[DOCX File (Microsoft Word File), 32 KB-Multimedia Appendix 2]
References
1. Goodwin RD, Cheslack-Postava K, Santoscoy S, et al. Trends in cannabis and cigarette use among parents with children

at home: 2002 to 2015. Pediatrics. Jun 2018;141(6):e20173506. [doi: 10.1542/peds.2017-3506] [Medline: 29759986]
2. Hasin DS, Shmulewitz D, Sarvet AL. Time trends in US cannabis use and cannabis use disorders overall and by

sociodemographic subgroups: a narrative review and new findings. Am J Drug Alcohol Abuse. 2019;45(6):623-643.
[doi: 10.1080/00952990.2019.1569668] [Medline: 30870044]

3. Goodwin RD, Pacek LR, Copeland J, et al. Trends in daily cannabis use among cigarette smokers: United States, 2002–
2014. Am J Public Health. Jan 2018;108(1):137-142. [doi: 10.2105/AJPH.2017.304050] [Medline: 29161058]

4. Shi Y. Heterogeneities in administration methods among cannabis users by use purpose and state legalization status:
findings from a nationally representative survey in the US, 2020. Addiction. Jul 2021;116(7):1782-1793. [doi: 10.1111/
add.15342] [Medline: 33217090]

5. Bellettiere J, Liles S, Posis AIB, et al. In-home cannabis smoking more prevalent than in-home tobacco smoking among
2019 Global Drug Survey respondents. Addict Behav. Feb 2022;125:107130. [doi: 10.1016/j.addbeh.2021.107130]
[Medline: 34674905]

6. Tripathi O, Posis AIB, Thompson CA, et al. In-home cannabis smoking among a cannabis-using convenience sample
from the Global Drug Survey: with weighted estimates for U.S. respondents. Cannabis Cannabinoid Res. Feb
2024;9(1):353-362. [doi: 10.1089/can.2022.0139] [Medline: 36318789]

7. McKee G, McClure S, Fyfe M, Stanwick R. Protecting the public from exposure to secondhand cannabis smoke and
vapour following legalization. Can J Public Health. Apr 2018;109(2):223-226. [doi: 10.17269/s41997-018-0054-5]
[Medline: 29981035]

8. Wilson KM, Torok MR, Wei B, et al. Detecting biomarkers of secondhand marijuana smoke in young children. Pediatr
Res. Apr 2017;81(4):589-592. [doi: 10.1038/pr.2016.261] [Medline: 27911435]

9. Sangmo L, Braune T, Liu B, et al. Secondhand marijuana exposure in a convenience sample of young children in New
York City. Pediatr Res. Mar 2021;89(4):905-910. [doi: 10.1038/s41390-020-0958-7] [Medline: 32403116]

10. Tripathi O, Parada H Jr, Sosnoff C, et al. Exposure to secondhand cannabis smoke among children. JAMA Netw Open.
Jan 2, 2025;8(1):e2455963. [doi: 10.1001/jamanetworkopen.2024.55963] [Medline: 39847355]

JMIR FORMATIVE RESEARCH Berardi et al

https://formative.jmir.org/2026/1/e89820 JMIR Form Res 2026 | vol. 10 | e89820 | p. 10
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=formative_v10i1e89820_app1.docx
https://jmir.org/api/download?alt_name=formative_v10i1e89820_app1.docx
https://jmir.org/api/download?alt_name=formative_v10i1e89820_app2.docx
https://jmir.org/api/download?alt_name=formative_v10i1e89820_app2.docx
https://doi.org/10.1542/peds.2017-3506
http://www.ncbi.nlm.nih.gov/pubmed/29759986
https://doi.org/10.1080/00952990.2019.1569668
http://www.ncbi.nlm.nih.gov/pubmed/30870044
https://doi.org/10.2105/AJPH.2017.304050
http://www.ncbi.nlm.nih.gov/pubmed/29161058
https://doi.org/10.1111/add.15342
https://doi.org/10.1111/add.15342
http://www.ncbi.nlm.nih.gov/pubmed/33217090
https://doi.org/10.1016/j.addbeh.2021.107130
http://www.ncbi.nlm.nih.gov/pubmed/34674905
https://doi.org/10.1089/can.2022.0139
http://www.ncbi.nlm.nih.gov/pubmed/36318789
https://doi.org/10.17269/s41997-018-0054-5
http://www.ncbi.nlm.nih.gov/pubmed/29981035
https://doi.org/10.1038/pr.2016.261
http://www.ncbi.nlm.nih.gov/pubmed/27911435
https://doi.org/10.1038/s41390-020-0958-7
http://www.ncbi.nlm.nih.gov/pubmed/32403116
https://doi.org/10.1001/jamanetworkopen.2024.55963
http://www.ncbi.nlm.nih.gov/pubmed/39847355
https://formative.jmir.org/2026/1/e89820


11. Holitzki H, Dowsett LE, Spackman E, Noseworthy T, Clement F. Health effects of exposure to second- and third-hand
marijuana smoke: a systematic review. CMAJ Open. Nov 24, 2017;5(4):E814-E822. [doi: 10.9778/cmajo.20170112]
[Medline: 29192095]

12. Cannabis and Secondhand Smoke. Centers for Disease Control and Prevention (CDC). URL: https://www.cdc.gov/
cannabis/health-effects/secondhand-smoke.html [Accessed 2026-05-30]

13. Wu TC, Tashkin DP, Djahed B, Rose JE. Pulmonary hazards of smoking marijuana as compared with tobacco. N Engl J
Med. Feb 11, 1988;318(6):347-351. [doi: 10.1056/NEJM198802113180603] [Medline: 3340105]

14. Moir D, Rickert WS, Levasseur G, et al. A comparison of mainstream and sidestream marijuana and tobacco cigarette
smoke produced under two machine smoking conditions. Chem Res Toxicol. Feb 2008;21(2):494-502. [doi: 10.1021/
tx700275p] [Medline: 18062674]

15. Graves BM, Johnson TJ, Nishida RT, et al. Comprehensive characterization of mainstream marijuana and tobacco
smoke. Sci Rep. Apr 28, 2020;10(1):7160. [doi: 10.1038/s41598-020-63120-6] [Medline: 32345986]

16. Ott WR, Wallace LA, Cheng KC, Hildemann LM. Measuring PM2.5 concentrations from secondhand tobacco vs.
marijuana smoke in 9 rooms of a detached 2-story house. Sci Total Environ. Dec 15, 2022;852:158244. [doi: 10.1016/j.
scitotenv.2022.158244] [Medline: 36037897]

17. Huang AS, Murphy MBC, Jacob P, Schick SF. PM2.5 concentrations in the smoking lounge of a cannabis store. Environ
Sci Technol Lett. 2022;9(6):551-556. [doi: 10.1021/acs.estlett.2c00148]

18. Cheng KC, Ott W, Wallace L, Zhu Y, Hildemann L. PM2.5 exposure close to marijuana smoking and vaping: a case
study in residential indoor and outdoor settings. Sci Total Environ. Jan 1, 2022;802:149897. [doi: 10.1016/j.scitotenv.
2021.149897] [Medline: 34464798]

19. Rajagopalan S, Al-Kindi SG, Brook RD. Air pollution and cardiovascular disease: JACC state-of-the-art review. J Am
Coll Cardiol. Oct 2018;72(17):2054-2070. [doi: 10.1016/j.jacc.2018.07.099]

20. Münzel T, Sørensen M, Gori T, et al. Environmental stressors and cardio-metabolic disease: part I-epidemiologic
evidence supporting a role for noise and air pollution and effects of mitigation strategies. Eur Heart J. Feb 21,
2017;38(8):550-556. [doi: 10.1093/eurheartj/ehw269] [Medline: 27460892]

21. Cohn AM, Zaring-Hinkle B, Catino JD, et al. Secondhand cannabis smoke exposure and respiratory symptoms among
adults living in a state with legalized medical cannabis with limited smoke-free protections. Prev Med Rep.
2024;45:102835. [doi: 10.1016/j.pmedr.2024.102835] [Medline: 39188973]

22. Cone EJ, Bigelow GE, Herrmann ES, et al. Non-smoker exposure to secondhand cannabis smoke. I. Urine screening and
confirmation results. J Anal Toxicol. 2015;39(1):1-12. [doi: 10.1093/jat/bku116] [Medline: 25326203]

23. Herrmann ES, Cone EJ, Mitchell JM, et al. Non-smoker exposure to secondhand cannabis smoke II: effect of room
ventilation on the physiological, subjective, and behavioral/cognitive effects. Drug Alcohol Depend. Jun 1,
2015;151:194-202. [doi: 10.1016/j.drugalcdep.2015.03.019] [Medline: 25957157]

24. Landrigan PJ, Goldman LR. Children’s vulnerability to toxic chemicals: a challenge and opportunity to strengthen health
and environmental policy. Health Aff (Millwood). May 2011;30(5):842-850. [doi: 10.1377/hlthaff.2011.0151] [Medline:
21543423]

25. Au WW. Susceptibility of children to environmental toxic substances. Int J Hyg Environ Health. Oct
2002;205(6):501-503. [doi: 10.1078/1438-4639-00179] [Medline: 12455272]

26. Sly PD, Flack F. Susceptibility of children to environmental pollutants. Ann N Y Acad Sci. Oct 2008;1140(1):163-183.
[doi: 10.1196/annals.1454.017] [Medline: 18991915]

27. Johnson AB, Wang GS, Wilson K, et al. Association between secondhand marijuana smoke and respiratory infections in
children. Pediatr Res. Jun 2022;91(7):1769-1774. [doi: 10.1038/s41390-021-01641-0] [Medline: 34321605]

28. Satybaldiyeva N, Gamst A, Oren E, Park JY, Zhu SH. Secondhand smoke exposure and asthma status among
adolescents: findings from the 2019-2020 California Student Tobacco Survey. Prev Med Rep. 2024;45:102842. [doi: 10.
1016/j.pmedr.2024.102842] [Medline: 39185324]

29. Eiden RD, Zhao J, Casey M, Shisler S, Schuetze P, Colder CR. Pre- and postnatal tobacco and cannabis exposure and
child behavior problems: bidirectional associations, joint effects, and sex differences. Drug Alcohol Depend. Apr 1,
2018;185:82-92. [doi: 10.1016/j.drugalcdep.2017.11.038] [Medline: 29428324]

30. Posis A, Bellettiere J, Liles S, et al. Indoor cannabis smoke and children’s health. Prev Med Rep. 2019;14:100853. [doi:
10.1016/j.pmedr.2019.100853] [Medline: 30976488]

31. Passey ME, Longman JM, Robinson J, Wiggers J, Jones LL. Smoke-free homes: what are the barriers, motivators and
enablers? A qualitative systematic review and thematic synthesis. BMJ Open. Mar 17, 2016;6(3):e010260. [doi: 10.1136/
bmjopen-2015-010260] [Medline: 26988351]

32. Hovell MF, Wahlgren DR, Liles S, et al. Providing coaching and cotinine results to preteens to reduce their secondhand
smoke exposure. Chest. Sep 2011;140(3):681-689. [doi: 10.1378/chest.10-2609] [Medline: 21474574]

JMIR FORMATIVE RESEARCH Berardi et al

https://formative.jmir.org/2026/1/e89820 JMIR Form Res 2026 | vol. 10 | e89820 | p. 11
(page number not for citation purposes)

https://doi.org/10.9778/cmajo.20170112
http://www.ncbi.nlm.nih.gov/pubmed/29192095
https://www.cdc.gov/cannabis/health-effects/secondhand-smoke.html
https://www.cdc.gov/cannabis/health-effects/secondhand-smoke.html
https://doi.org/10.1056/NEJM198802113180603
http://www.ncbi.nlm.nih.gov/pubmed/3340105
https://doi.org/10.1021/tx700275p
https://doi.org/10.1021/tx700275p
http://www.ncbi.nlm.nih.gov/pubmed/18062674
https://doi.org/10.1038/s41598-020-63120-6
http://www.ncbi.nlm.nih.gov/pubmed/32345986
https://doi.org/10.1016/j.scitotenv.2022.158244
https://doi.org/10.1016/j.scitotenv.2022.158244
http://www.ncbi.nlm.nih.gov/pubmed/36037897
https://doi.org/10.1021/acs.estlett.2c00148
https://doi.org/10.1016/j.scitotenv.2021.149897
https://doi.org/10.1016/j.scitotenv.2021.149897
http://www.ncbi.nlm.nih.gov/pubmed/34464798
https://doi.org/10.1016/j.jacc.2018.07.099
https://doi.org/10.1093/eurheartj/ehw269
http://www.ncbi.nlm.nih.gov/pubmed/27460892
https://doi.org/10.1016/j.pmedr.2024.102835
http://www.ncbi.nlm.nih.gov/pubmed/39188973
https://doi.org/10.1093/jat/bku116
http://www.ncbi.nlm.nih.gov/pubmed/25326203
https://doi.org/10.1016/j.drugalcdep.2015.03.019
http://www.ncbi.nlm.nih.gov/pubmed/25957157
https://doi.org/10.1377/hlthaff.2011.0151
http://www.ncbi.nlm.nih.gov/pubmed/21543423
https://doi.org/10.1078/1438-4639-00179
http://www.ncbi.nlm.nih.gov/pubmed/12455272
https://doi.org/10.1196/annals.1454.017
http://www.ncbi.nlm.nih.gov/pubmed/18991915
https://doi.org/10.1038/s41390-021-01641-0
http://www.ncbi.nlm.nih.gov/pubmed/34321605
https://doi.org/10.1016/j.pmedr.2024.102842
https://doi.org/10.1016/j.pmedr.2024.102842
http://www.ncbi.nlm.nih.gov/pubmed/39185324
https://doi.org/10.1016/j.drugalcdep.2017.11.038
http://www.ncbi.nlm.nih.gov/pubmed/29428324
https://doi.org/10.1016/j.pmedr.2019.100853
http://www.ncbi.nlm.nih.gov/pubmed/30976488
https://doi.org/10.1136/bmjopen-2015-010260
https://doi.org/10.1136/bmjopen-2015-010260
http://www.ncbi.nlm.nih.gov/pubmed/26988351
https://doi.org/10.1378/chest.10-2609
http://www.ncbi.nlm.nih.gov/pubmed/21474574
https://formative.jmir.org/2026/1/e89820


33. Wilson SR, Farber HJ, Knowles SB, Lavori PW. A randomized trial of parental behavioral counseling and cotinine
feedback for lowering environmental tobacco smoke exposure in children with asthma. Chest. Mar 2011;139(3):581-590.
[doi: 10.1378/chest.10-0772] [Medline: 20864611]

34. Wilson I, Semple S, Mills LM, et al. REFRESH--reducing families’ exposure to secondhand smoke in the home: a
feasibility study. Tob Control. Sep 2013;22(5):e8. [doi: 10.1136/tobaccocontrol-2011-050212] [Medline: 22615325]

35. Jenssen BP, Kelleher S, Karavite DJ, et al. A clinical decision support system for motivational messaging and tobacco
cessation treatment for parents: pilot evaluation of use and acceptance. Appl Clin Inform. May 2023;14(3):439-447. [doi:
10.1055/a-2062-9627] [Medline: 36972687]

36. Nabi-Burza E, Drehmer JE, Hipple Walters B, et al. Treating parents for tobacco use in the pediatric setting. JAMA
Pediatr. Oct 1, 2019;173(10):931-939. [doi: 10.1001/jamapediatrics.2019.2639] [Medline: 31403675]

37. Drehmer JE, Luo M, Nabi-Burza E, Walters BH, Winickoff JP. Smoking cessation treatment for parents who are light or
very light smokers in the pediatric setting. Acad Pediatr. 2021;21(4):646-653. [doi: 10.1016/j.acap.2020.10.001]
[Medline: 33035731]

38. Mahabee-Gittens EM, Ammerman RT, Khoury JC, et al. A parental smoking cessation intervention in the pediatric
emergency setting: a randomized triall. Int J Environ Res Public Health. Nov 4, 2020;17(21):8151. [doi: 10.3390/
ijerph17218151] [Medline: 33158230]

39. Tripathi O, Parada H Jr, Shi Y, et al. Perception of harm is strongly associated with complete ban on in-home cannabis
smoking: a cross-sectional study. BMC Public Health. Mar 2, 2024;24(1):669. [doi: 10.1186/s12889-024-18072-1]
[Medline: 38429696]

40. Rosen LJ, Lev E, Guttman N, et al. Parental perceptions and misconceptions of child tobacco smoke exposure. Nicotine
Tob Res. Sep 25, 2018;20(11):1369-1377. [doi: 10.1093/ntr/ntx169] [Medline: 29059387]

41. Semple S, Latif N. How long does secondhand smoke remain in household air: analysis of PM2.5 data from smokers’
homes. Nicotine Tob Res. Oct 2014;16(10):1365-1370. [doi: 10.1093/ntr/ntu089] [Medline: 24904023]

42. Han BH, Funk-White M, Ko R, Al-Rousan T, Palamar JJ. Decreasing perceived risk associated with regular cannabis use
among older adults in the United States from 2015 to 2019. J Am Geriatr Soc. Sep 2021;69(9):2591-2597. [doi: 10.1111/
jgs.17213] [Medline: 34037250]

43. Chambers J, Keyhani S, Ling PM, et al. Perceptions of safety of daily cannabis vs tobacco smoking and secondhand
smoke exposure, 2017-2021. JAMA Netw Open. Aug 1, 2023;6(8):e2328691. [doi: 10.1001/jamanetworkopen.2023.
28691] [Medline: 37566411]

44. Rendón AD, Unger JB, Cruz T, Soto DW, Baezconde-Garbanati L. Perceptions of secondhand and thirdhand smoke
among Hispanic residents of multiunit housing. J Immigr Minor Health. Feb 2017;19(1):162-169. [doi: 10.1007/s10903-
015-0309-7] [Medline: 26545600]

45. Hovell MF, Bellettiere J, Liles S, et al. Randomised controlled trial of real-time feedback and brief coaching to reduce
indoor smoking. Tob Control. Mar 2020;29(2):183-190. [doi: 10.1136/tobaccocontrol-2018-054717] [Medline:
30770436]

46. Hughes SC, Bellettiere J, Nguyen B, et al. Randomized trial to reduce air particle levels in homes of smokers and
children. Am J Prev Med. Mar 2018;54(3):359-367. [doi: 10.1016/j.amepre.2017.10.017] [Medline: 29305069]

47. Semple S, Turner S, O’Donnell R, et al. Using air-quality feedback to encourage disadvantaged parents to create a
smoke-free home: results from a randomised controlled trial. Environ Int. Nov 2018;120:104-110. [doi: 10.1016/j.envint.
2018.07.039] [Medline: 30076982]

48. Air Quality Monitor For Your House. Awair. URL: https://www.getawair.com/products/element [Accessed 2026-05-30]
49. Cuttler C, Spradlin A. Measuring cannabis consumption: psychometric properties of the Daily Sessions, Frequency, Age

of Onset, and Quantity of Cannabis Use Inventory (DFAQ-CU). PLoS One. 2017;12(5):e0178194. [doi: 10.1371/journal.
pone.0178194] [Medline: 28552942]

50. Kotz D, Brown J, West R. Predictive validity of the Motivation to Stop Scale (MTSS): a single-item measure of
motivation to stop smoking. Drug Alcohol Depend. Feb 1, 2013;128(1-2):15-19. [doi: 10.1016/j.drugalcdep.2012.07.
012] [Medline: 22943961]

51. Heatherton TF, Kozlowski LT, Frecker RC, Fagerström KO. The Fagerström Test for Nicotine Dependence: a revision
of the Fagerström Tolerance Questionnaire. Br J Addict. Sep 1991;86(9):1119-1127. [doi: 10.1111/j.1360-0443.1991.
tb01879.x] [Medline: 1932883]

52. Lepore SJ, Winickoff JP, Moughan B, et al. Kids Safe and Smokefree (KiSS): a randomized controlled trial of a
multilevel intervention to reduce secondhand tobacco smoke exposure in children. BMC Public Health. Aug 30,
2013;13(1):792. [doi: 10.1186/1471-2458-13-792] [Medline: 23987302]

53. Collins BN, Lepore SJ. Babies Living Safe & Smokefree: randomized controlled trial of a multilevel multimodal
behavioral intervention to reduce low-income children’s tobacco smoke exposure. BMC Public Health. Mar 14,
2017;17(1):249. [doi: 10.1186/s12889-017-4145-7] [Medline: 28288601]

JMIR FORMATIVE RESEARCH Berardi et al

https://formative.jmir.org/2026/1/e89820 JMIR Form Res 2026 | vol. 10 | e89820 | p. 12
(page number not for citation purposes)

https://doi.org/10.1378/chest.10-0772
http://www.ncbi.nlm.nih.gov/pubmed/20864611
https://doi.org/10.1136/tobaccocontrol-2011-050212
http://www.ncbi.nlm.nih.gov/pubmed/22615325
https://doi.org/10.1055/a-2062-9627
http://www.ncbi.nlm.nih.gov/pubmed/36972687
https://doi.org/10.1001/jamapediatrics.2019.2639
http://www.ncbi.nlm.nih.gov/pubmed/31403675
https://doi.org/10.1016/j.acap.2020.10.001
http://www.ncbi.nlm.nih.gov/pubmed/33035731
https://doi.org/10.3390/ijerph17218151
https://doi.org/10.3390/ijerph17218151
http://www.ncbi.nlm.nih.gov/pubmed/33158230
https://doi.org/10.1186/s12889-024-18072-1
http://www.ncbi.nlm.nih.gov/pubmed/38429696
https://doi.org/10.1093/ntr/ntx169
http://www.ncbi.nlm.nih.gov/pubmed/29059387
https://doi.org/10.1093/ntr/ntu089
http://www.ncbi.nlm.nih.gov/pubmed/24904023
https://doi.org/10.1111/jgs.17213
https://doi.org/10.1111/jgs.17213
http://www.ncbi.nlm.nih.gov/pubmed/34037250
https://doi.org/10.1001/jamanetworkopen.2023.28691
https://doi.org/10.1001/jamanetworkopen.2023.28691
http://www.ncbi.nlm.nih.gov/pubmed/37566411
https://doi.org/10.1007/s10903-015-0309-7
https://doi.org/10.1007/s10903-015-0309-7
http://www.ncbi.nlm.nih.gov/pubmed/26545600
https://doi.org/10.1136/tobaccocontrol-2018-054717
http://www.ncbi.nlm.nih.gov/pubmed/30770436
https://doi.org/10.1016/j.amepre.2017.10.017
http://www.ncbi.nlm.nih.gov/pubmed/29305069
https://doi.org/10.1016/j.envint.2018.07.039
https://doi.org/10.1016/j.envint.2018.07.039
http://www.ncbi.nlm.nih.gov/pubmed/30076982
https://www.getawair.com/products/element
https://doi.org/10.1371/journal.pone.0178194
https://doi.org/10.1371/journal.pone.0178194
http://www.ncbi.nlm.nih.gov/pubmed/28552942
https://doi.org/10.1016/j.drugalcdep.2012.07.012
https://doi.org/10.1016/j.drugalcdep.2012.07.012
http://www.ncbi.nlm.nih.gov/pubmed/22943961
https://doi.org/10.1111/j.1360-0443.1991.tb01879.x
https://doi.org/10.1111/j.1360-0443.1991.tb01879.x
http://www.ncbi.nlm.nih.gov/pubmed/1932883
https://doi.org/10.1186/1471-2458-13-792
http://www.ncbi.nlm.nih.gov/pubmed/23987302
https://doi.org/10.1186/s12889-017-4145-7
http://www.ncbi.nlm.nih.gov/pubmed/28288601
https://formative.jmir.org/2026/1/e89820


54. Yu Y, Gola M, Settimo G, Buffoli M, Capolongo S. Feasibility and affordability of low-cost air sensors with Internet of
Things for indoor air quality monitoring in residential buildings: systematic review on sensor information and residential
applications, with experience-based discussions. Atmosphere. 2024;15(10):1170. [doi: 10.3390/atmos15101170]

55. Kim S, Paulos E. InAir: sharing indoor air quality measurements and visualizations. Presented at: Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems (CHI 2010); Apr 10-15, 2010; Atlanta, Georgia, USA.
[doi: 10.1145/1753326.1753605]

56. Dobson R, O’Donnell R, de Bruin M, Turner S, Semple S. Using air quality monitoring to reduce second-hand smoke
exposure in homes: the AFRESH feasibility study. Tob Prev Cessation. 2017;3:117. [doi: 10.18332/tpc/74645] [Medline:
32432192]

57. Ntiamoah I, Ikuma LH, Solaru IR, Nahmens I, Champney R. Guidelines for IAQ monitoring with low-cost air sensors in
homes with asthmatic patients. J Air Waste Manage Assoc. Feb 2026;76(2):81-90. [doi: 10.1080/10962247.2025.
2576666] [Medline: 41105486]

58. Cavalier A, Dick AI, Johnson Ii V, et al. Assessing the impact of home environmental exposures on allergic rhinitis
using real-time air quality monitoring and symptom assessment: observational feasibility study. JMIR Form Res. Jun 23,
2025;9(1):e73215. [doi: 10.2196/73215] [Medline: 40550125]

59. Marsh J, McNeill A, Lewis S, et al. Protecting children from secondhand smoke: a mixed-methods feasibility study of a
novel smoke-free home intervention. Pilot Feasibility Stud. 2016;2(1):53. [doi: 10.1186/s40814-016-0094-7] [Medline:
27965870]

60. Halsall T, Mahmoud K, Pouliot A, Iyer SN. Building engagement to support adoption of community-based substance use
prevention initiatives. BMC Public Health. Nov 29, 2022;22(1):2213. [doi: 10.1186/s12889-022-14496-9] [Medline:
36447185]

61. Sprague Martinez L, Rapkin BD, Young A, et al. Community engagement to implement evidence-based practices in the
HEALing Communities Study. Drug Alcohol Depend. Dec 1, 2020;217:108326. [doi: 10.1016/j.drugalcdep.2020.
108326] [Medline: 33059200]

Abbreviations
cSHS: cannabis secondhand smoke
IAQ: indoor air quality
IoT: internet-of-things
PM2.5: fine particulate matter
SHS: secondhand smoke
VOC: volatile organic compound

Edited by Amaryllis Mavragani, Stephanie Law; peer-reviewed by Barbara J Polivka, Tamaryn Menneer; submitted
21.Dec.2025; final revised version received 29.Apr.2026; accepted 29.Apr.2026; published 16.Jun.2026

Please cite as:
Berardi V, Collins BN, Glynn LM, Silfanus EK, Lyons DG, Lepore SJ
Using In-Home Air Quality Monitoring to Reduce Cannabis Secondhand Smoke Exposure in Children: Quantitative Pilot
Feasibility Study
JMIR Form Res 2026;10:e89820
URL: https://formative.jmir.org/2026/1/e89820
doi: 10.2196/89820

© Vincent Berardi, Bradley N Collins, Laura M Glynn, Eusabeia K Silfanus, Darby G Lyons, Stephen J Lepore. Originally
published in JMIR Formative Research (https://formative.jmir.org), 16.Jun.2026. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Forma-
tive Research, is properly cited. The complete bibliographic information, a link to the original publication on https://forma-
tive.jmir.org, as well as this copyright and license information must be included.

JMIR FORMATIVE RESEARCH Berardi et al

https://formative.jmir.org/2026/1/e89820 JMIR Form Res 2026 | vol. 10 | e89820 | p. 13
(page number not for citation purposes)

https://doi.org/10.3390/atmos15101170
https://doi.org/10.1145/1753326.1753605
https://doi.org/10.18332/tpc/74645
http://www.ncbi.nlm.nih.gov/pubmed/32432192
https://doi.org/10.1080/10962247.2025.2576666
https://doi.org/10.1080/10962247.2025.2576666
http://www.ncbi.nlm.nih.gov/pubmed/41105486
https://doi.org/10.2196/73215
http://www.ncbi.nlm.nih.gov/pubmed/40550125
https://doi.org/10.1186/s40814-016-0094-7
http://www.ncbi.nlm.nih.gov/pubmed/27965870
https://doi.org/10.1186/s12889-022-14496-9
http://www.ncbi.nlm.nih.gov/pubmed/36447185
https://doi.org/10.1016/j.drugalcdep.2020.108326
https://doi.org/10.1016/j.drugalcdep.2020.108326
http://www.ncbi.nlm.nih.gov/pubmed/33059200
https://formative.jmir.org/2026/1/e89820
https://doi.org/10.2196/89820
https://formative.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://formative.jmir.org
https://formative.jmir.org
https://formative.jmir.org/2026/1/e89820

	Using In-Home Air Quality Monitoring to Reduce Cannabis Secondhand Smoke Exposure in Children: Quantitative Pilot Feasibility Study
	Introduction
	Methods
	Ethical Considerations
	Participants and Recruitment
	Study Overview
	Study Procedures
	Study Measures
	Statistical Analyses

	Results
	Recruitment and Retention
	Participant Demographics
	Engagement with and Accuracy in Interpreting IAQ Data
	Perceived Usefulness and Impact on cSHS-Related Household Communication
	Changes in Self-Reported In-Home Cannabis Smoking Behavior
	Changes in Perceived IAQ and cSHS Exposure Risk
	Objective IAQ Measures
	Household Participant Reports

	Discussion
	Summary of Findings
	Interpretation and Comparison With Prior Work
	Limitations
	Conclusions



