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Abstract

Introduction: Thirdhand smoke (THS) residue lingers for months in homes of former smokers
and may play a role in relapse after smoking cessation. This study examined the association
between THS pollution as measured by the level of nicotine in house dust and continued
abstinence from smoking.

Methods: Participants were 65 cigarette smokers who reported they were enrolled in any type of
smoking cessation program, had set a specific date to quit, and had biochemical verification of
continuous abstinence at 1-week (W1), 1-month (M1), 3-months (M3), or 6-months (M6) after
their quit date. House dust samples collected at baseline before quitting were analyzed for nicotine
concentration (ug/g) and nicotine loading (ug/m?) using liquid chromatography-tandem mass
spectrometry (LC-MS/MS).

Results: Controlling for age, gender, overall and indoor smoking rates, and years lived in their
home, dust nicotine concentration and loading predicted abstinence at W1, M1, M3, and M6. A
10-fold increase in dust nicotine loading and concentration were associated with approximately
50% lower odds of remaining abstinent.
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Conclusions: Findings suggest nicotine in house dust may play a role in facilitating relapse after
smoking cessation. Additional research is warranted to investigate the causal role of THS residue
in homes of former smokers on cravings and continued abstinence.

Keywords
Thirdhand smoke; Nicotine; Relapse; Smoking cessation

1. Introduction

Smoking cessation is difficult to achieve and maintain, as is evidenced by low cessation and
high relapse rates especially among populations who are younger, have lower education, low
income, and are racial/ethnic minorities.(Caraballo et al., 2014; Kulak, Cornelius, Fong, &
Giovino, 2016; Reid et al., 2010; Simmons, Pineiro, Hooper, Gray, & Brandon, 2016;
Trinidad et al., 2015) Cessation rates are lower in these groups for a many reasons including
higher levels of nicotine addiction, social and cultural acceptability of smoking, low access
to quitting resources, low social support to quit, financial and other stressors. (Fidler &
West, 2009; Paul et al., 2010; Twyman, Bonevski, Paul, & Bryant, 2014; Wilson,
Guillaumier, George, Denham, & Bonevski, 2017) Each period of resumed smoking adds to
the smokers’ risk of developing tobacco-related illnesses(Caraballo et al., 2014) and the risk
that non-smokers who live in their homes will experience morbidity related to tobacco
smoke exposure.(Office of the Surgeon General, 2014) Thus, more research is needed to
identify ways to prevent relapse after successful cessation.

A better understanding of factors that produce cravings to smoke may help former smokers
remain abstinent. Research has identified a variety of cues that induce cravings including
those that are visual (Conklin, Perkins, Robin, McClernon, & Salkeld, 2010; Conklin,
Robin, Perkins, Salkeld, & McClernon, 2008), auditory and tactile (Erblich & Bovbjerg,
2004; McRobbie, Hajek, & Locker, 2008), and olfactory (Cortese et al., 2015; Grusser,
Heinz, & Flor, 2000). These cues may be proximal in that they are part of the smoking
behavior itself (e.g., cigarettes, ashtrays) or more distal, such as the environment in which
smoking occurs (Conklin et al., 2008; Conklin et al., 2010). Elucidating and eliminating
modifiable individual cues or combinations of cues that elicit cravings in former smokers
may help to prevent relapse.(Conklin et al., 2019)

While many potential cues have been investigated, to our knowledge, no research has
examined if the presence of nicotine in tobacco smoke residue (also known as thirdhand
smoke, THS) (Jacob 3rd et al., 2017; Matt et al., 2011) present in the home of smokers who
have quit is associated with relapse. Considering the neurophysiological properties of
nicotine and the presence of high levels of nicotine in dust and on surfaces in the homes of
previous smokers and smokers who have quit (Matt et al., 2011; Matt et al., 2017), we
hypothesized that exposure to THS chemical constituents or THS odor may be associated
with increased cravings and subsequent relapse. Specifically, we hypothesized that higher
levels of THS contamination as measured by nicotine in dust are associated with higher
relapse rates in smokers who have quit.
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2. Methods

Participants were 65 cigarette smokers in San Diego, California. Smokers were eligible to
participate if they were =18 years old, reported that they were enrolled in any type of
smoking cessation program and had set a specific date to quit, had lived in their home for at
least six months and planned to live there for an additional six months, and were the only
smokers in their home. Institutional Review Board approval was obtained from San Diego
State University and the VA San Diego Healthcare System; all participants signed informed
consent. Detailed methods are described elsewhere.(Matt et al., 2017) For these analyses, we
included participants who: had house dust samples available at their baseline pre-quit
measure, reported that no one had smoked inside their home since they quit smoking and
had biochemical verification of reported continuous abstinence at 1-week (W1), 1-month
(M1), 3-months (M3), or 6-months (M6) after their quit date. Participants who reported that
they had resumed smoking at these timepoints were also included. Abstinence was verified
with exhaled breath carbon monoxide (CO) < 5 ppm. Nicotine in house dust was measured
using liquid chromatography-tandem mass spectrometry (LC-MS/MS; limit of quantitation
was 0.01 pg/g) and is reported as nicotine concentration (nicotine per gram of dust, pg/g)
and nicotine loading (nicotine per square meter, ug/m?). The former characterizes a gram of
dust with respect to its nicotine content regardless of the dustiness of a home. The latter is
function of the dustiness of a home and describes the amount of nicotine present in the dust
contaminating a unit area (i.e., one square meter). The dustiness of a home was
operationalized as the amount of sieved dust collected per square meter (i.e., dust loading;
g/m2).

To explore associations between THS pollution and smoking cessation, we conducted
logistic regression analyses in which relapse and abstinence at each follow-up assessment
(W1, M1, M3, and M6) were the dichotomous outcomes. Separate analyses were conducted
for quit status at each timepoint and for nicotine concentration and nicotine loading. We first
examined a model in which baseline levels of nicotine (log-transformed), dust loading,
baseline overall smoking and indoor smoking rates, and sociodemographic variables were
the predictors. We then re-estimated the model omitting nonsignificant predictors. There
were no missing data. For these exploratory analyses, we set the Type | error rate at 10%.

3. Results

Table 1 shows descriptive information about participants, smoking rates, and dust nicotine
concentration and loading. Verified quit rates were 40% (26 of 65), 20% (13 of 65), 15% (10
of 65), and 12% (8 of 65) at W1, M1, M3, and M6, respectively. Table 2 shows baseline dust
nicotine levels among abstinent and relapsed participants. Detailed information on model
estimates and fit are reported in the online supplement.

At W1, number of years in residence (OR = 0.91, p=.069) and dust nicotine concentration
prior to quitting (OR = 0.57, p=.030) were independently negatively associated with
abstinence, and being a military veteran (OR = 11.84, p=.003) was positively associated.
The same pattern was found for nicotine loading with odds ratios of 0.90 (o =.075), 0.58 (v
=.011), and 15.81 (0.002) for the three predictor variables, respectively. With log-10 scaled
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dust nicotine level, an increase in nicotine loading by a factor of 10 predicted 42% lower
odds of abstinence at W1. For every additional year a smoker had lived in their home, the
odds of abstinence decreased by 10%. For military veterans, the odds of abstinence were 15-
fold higher than for others. The overall model fit was x2(3) = 13.75 (p = .003, Pseudo R? =
0.21) for nicotine concentration and X2(3) = 23.45 (p < .001, Pseudo R2 = 0.27) for nicotine
loading. None of the other variables examined showed a significant association (dust
loading, overall and indoor smoking rates at baseline, marital status, age, or gender). Mean
baseline nicotine levels were 2.2 (concentration) and 3.4 (loading) times higher for W1
relapsed compared to W1 abstinent participants (see Table 2).

At M1, dust nicotine concentration (OR = 0.53, p=.032) was again negatively associated
with successful cessation. A 10-fold higher dust nicotine concentration predicted 47% lower
odds of abstinence. Being a military veteran (OR = 3.67, p=.071) was independently
positively associated with abstinence, increasing the abstinence odds by a factor of 3.67. A
similar pattern was found for nicotine loading with odds ratios of 0.61 (p=.051) and 4.22 (p
=.043) for the two predictors, respectively. The overall model fit was X2(2) =10.28 (p=.
0059, Pseudo R? = 0.16) for nicotine concentration and x 2(2) = 9.79 (p < .008, Pseudo R? =
0.15) for nicotine loading. None of the other variables mentioned above showed a significant
association. Mean baseline nicotine levels were 3.2 (concentration) and 3.7 (loading) times
higher for M1 relapsed compared to M1 abstinent participants (see Table 2).

At M3, the significant negative association between baseline dust nicotine levels and
cessation outcome continued. The odds ratios were0.43 (p=.012) and 0.45 (p = .019) for
concentration and loading respectively. The OR indicates that a difference in baseline dust
nicotine loading by a factor of 10 lowered the odds of abstinence by 55%. The overall model
fit was x2(1) = 7.63 (p = .006, Pseudo R? = 0.14) for nicotine concentration and x2(1) =
8.20 (p < .004, Pseudo R? = 0.15) for nicotine loading. None of the other variables showed a
significant association. Mean baseline nicotine levels were 3.5 (concentration) and 5.6
(loading) times higher for M3 relapsed compared to M3 abstinent participants (see Table 2).

At M6, the negative association between baseline dust nicotine levels and cessation outcome
were 0.57 (p=.088) and 0.47 (p = .039) for concentration and loading, respectively. The
magnitude of the odds ratio showed a similar reduction in the odds of remaining abstinent at
43% and 53%, respectively. The overall model fit was Xz(l) =3.16 (p=.076, Pseudo R? =
0.08) for nicotine concentration and Xz(l) =6.27 (p< .012, Pseudo R? = 0.13) for nicotine
loading. Mean baseline nicotine levels were 2.4 (concentration) and 5.6 (loading) times
higher for M6 relapsed compared to M6 abstinent participants (see Table 2).

4. Discussion

Independent of sociodemographic variables, dust loading, indoor and total smoking rates at
baseline, and number of years living in the home, nicotine in settled house dust prior to
cessation predicted relapse from 1 week to 6 months. At each time point, a 10-fold
difference in nicotine concentration and loading (approximately the difference between 1st
and 3rd quartiles) was associated with approximately 50% lower odds of successful
abstinence or a doubling of the odds of relapse. Because we statistically controlled for dust
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loading (grams of sieved dust collected per m2), the association between dust nicotine and
relapse does not appear to be confounded with the dustiness of homes. The robust
association between dust nicotine and relapse controlling for total and indoor smoking rates
at baseline suggests that dust nicotine is not merely a proxy for smoking history or level of
addiction. These findings are consistent with existing research on the role of cues in relapse
(Conklin et al., 2008; Conklin et al., 2010; Conklin et al., 2019; Cortese et al., 2015; Grusser
et al., 2000), pointing to potential biochemical or sensory connections between relapse and
the persistent pollution of a smoker’s home environment with nicotine and potentially other
THS compounds present in dust. The exact mechanism by which THS in dust affects relapse
through inhalation, dermal, and ingestion routes are currently unknown. We measure
nicotine here as a marker of THS, but the cues may be from other closely associated
compounds in THS. (Jacob 3rd et al., 2017; Matt, Quintana, Destaillats, et al., 2011) Our
preliminary findings should be replicated in future studies and further strengthened with
more detailed investigations of the mediational and moderating role of THS constituents by
measuring multiple THS compounds and THS exposure among former smokers after quit
attempts.

As this was an observational study of the outcomes of quit attempts associated with a range
of different cessation programs, the causal association between nicotine in dust and
cessation outcome should be interpreted with caution. While we statistically controlled for
several plausible confounders, only a randomized experiment could conclusively rule out
alternative interpretations. This study relied on a relatively small convenience sample
limiting its statistical power and generalizability to other populations. Additionally, we did
not evaluate potential combinations and interactions of environmental or other cues that may
have been present in the participants” homes. Limitations notwithstanding, the association of
nicotine levels in settled house dust and relapse to smoking suggests that in addition to
known cues that contribute to relapse (e.g., visual, environmental), THS pollution in a
former smoker’s home may adversely affect short- and longer-term cessation outcomes. In
addition to the removal of established smoking cues, quitters may also benefit from home
cleaning efforts that reduce THS pollutants from dust and other reservoirs (e.g., carpets,
upholstery, surfaces). Future work with larger samples and experimental controls are needed
to further examine these possible associations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

. Thirdhand smoke (THS) remains in homes of smokers after they quit.

. House dust nicotine before quitting predicts relapse up to 6 months after
quitting.

. A ten-fold increase in dust nicotine was associated with 50% lower odds of
quitting.

. THS in the homes of former smokers may play a role in relapse after
cessation.
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Table 1

Participants’ sociodemographic background, smoking rates, and overall dust loading, dust nicotine
concentration, and dust nicotine loading (V= 65). Additional information about baseline dust nicotine levels
among abstinent and relapsed participants is provided in Table 2.

Age (years; Q1-Mdn-Q3) 44-50-55
Income ($1000; Q1-Mdn-Q3) 12-20-30
Years at residence (Q1-Mdn-Q3) 1-2-6
Female (%) 48
Employment (%)

Part-time 16

Fulltime 12

Not employed 72
Military veteran (%) 21

Ethnic/racial background (%)

Black/African-American 43
White 40
Latino/Hispanic 9
Multi-racial 6

Baseline smoking rate (Q1-Mdn-Q3)

Total (cigarettes/week) 60-89-140

Indoors (cigarettes/week) 26-50-90
Baseline dust (Q1-Mdn-Q3)

Dust loading (g/m?) 0.14-0.47-1.71

Nicotine concentration (Hg/g) 5.1-25.1-54.5

Nicotine loading (ug/m?) 2.0-6.3-33.9
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Table 2

Geometric means and 95% confidence intervals of baseline dust nicotine loading and concentration for
abstinent and relapsed participants 1 week, 1 month, 3 months, and 6 months after their quit date.

N Baseline nicotine
Loading (ug/m?) Concentration (pg/g)
Geo mean [95% CI]  Geo mean [95% ClI]

Week 1
Abstinent 26 3.3[1.5;7.5] 10.0 [5.8;17.2]
Relapse 39 11.1[6.5:22.3] 22.0[14.2;34.3]
Month 1
Abstinent 13 2.4[0.9;5.5] 6.4[2.8;14.8]
Relapse 52 8.9 [4.9;16.2] 20.2 [14.0;29.2]
Month 3
Abstinent 10 1.6 [0.6;4.2] 5.5 [2.6;11.6]
Relapse 55 8.9 [5.0;15.9] 19.5 [13.4;28.3]
Month 6
Abstinent 8 1.5[0.5;5.2] 7.5[3.6;16.0]
Relapse 57 8.41[4.8,14.8] 17.8[12.2;26.1]
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