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A B S T R A C T   

Introduction: Individuals with psychiatric conditions suffer disproportionately from tobacco-related morbidity 
and mortality, but the factors driving this relationship remain unclear. We used data from the Population 
Assessment of Tobacco and Health (PATH) to investigate whether associations between internalizing psychiatric 
symptoms and change in smoking heaviness (as measured by cigarettes per day (CPD) were mediated by self- 
reported respiratory symptoms, smoking risk perceptions, and cigarette dependence. 
Methods: This study used data from PATH Waves 1 through 4 (2013–2017, n = 4,152). Psychiatric symptoms 
were indexed with the internalizing sub-scale of the Global Appraisal of Individual Needs-Short Screener (GAIN- 
SS) among daily smokers. We fit auto-regressive structural equation models (SEM) to data from Wave 1–3 and 
2–4 to determine the direct and indirect associations between internalizing symptom scores and CPD through 
each mediator. 
Results: The association between internalizing symptoms and CPD was mediated by cigarette dependence (in-
direct: B = 0.004, SE = 0.041, p = 0.023) and respiratory symptom severity (indirect: B = 0.018, SE = 0.097, p 
< 0.001). Internalizing symptoms predicted higher harm perceptions (B = 0.056, SE = 0.035, p < 0.001) but the 
indirect relationship with CPD was non-significant. Findings from Waves 2–4 replicated these results. 
Conclusion: Our results indicate that cigarette dependence and respiratory symptom severity partially mediate the 
relationship between internalizing symptoms and CPD but risk perceptions were not significant predictors in our 
models. This suggests that efforts to reduce smoking among people with internalizing disorders should focus on 
decreasing nicotine dependence and increasing awareness of respiratory symptoms to encourage a quit attempt 
or switch to a less harmful source of nicotine.   

1. Introduction 

Individuals with psychiatric disorders suffer disproportionately from 
tobacco-related morbidity and mortality, (De Hert et al., 2011; Walker 
et al., 2015) due to persistent high smoking rates and low cessation 
success (Callaghan et al., 2014; Goodwin et al., 2012). Smoking remains 
prevalent among those with psychiatric conditions, with 35% of people 
with affective disorders (such as anxiety and depression), (Smith et al., 
2014) 64% of people with schizophrenia, and 44% of people with bi-
polar disorder reporting current smoking (Dickerson et al., 2013). In 
addition to causing medical comorbidities, smoking can exacerbate a 
number of chronic disease conditions such as chronic obstructive 

pulmonary disease and asthma (U.S. Department of Health & Human 
Services, 2014). 

Reviews of the literature to date indicate that transdiagnostic factors 
underly the comorbidity of smoking and mental health (Tidey & Miller, 
2015). Smoking to alleviate psychiatric symptoms such as anhedonia 
(lack of pleasure from everyday activities) and negative affect is one 
mechanism underlying smoking rates among individuals with mental 
health conditions (Leventhal & Zvolensky, 2015). In addition, in-
dividuals with mental health conditions may smoke to improve cogni-
tive performance (Sacco et al., 2004) or to reduce side effects of 
antipsychotic drugs (Morisano et al., 2009). Exploration of the mecha-
nisms that underlie persistent tobacco use in smokers with psychiatric 
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conditions may provide insight as to how regulatory authorities, clini-
cians and mental health professionals could better support individuals 
with psychiatric conditions who smoke. 

We recently compared biological, behavioral, and subjective mea-
sures associated with tobacco use in smokers with serious mental illness 
(n = 58) and controls (n = 83), among participants enrolled in one of 
two clinical trials investigating six-week use of low nicotine content 
cigarettes (Donny et al., 2015; Tidey et al., 2019). Consistent with pre-
vious findings, we found that smokers with serious mental illness re-
ported higher craving, nicotine withdrawal symptoms and motivation to 
smoke for cognitive enhancement than a group of smokers without 
psychiatric disorders that smoked a similar number of cigarettes per day 
(DeAtley et al., 2020). In addition, the group with serious mental illness 
(SMI) also reported higher cigarette dependence, higher respiratory 
symptoms, and lower health risk perceptions than the control group 
matched on cigarettes per day (DeAtley et al., 2020). The relationship 
between cigarette dependence and smoking persistence is well estab-
lished (Baker et al., 2007). Respiratory symptom severity is associated 
with intention to quit among smokers, (Melzer et al., 2016) but the 
relationship between respiratory symptom severity and actual quitting 
is unclear. Predictive relationships between smoking risk perceptions 
and quitting have also been reported (Borrelli et al., 2010). Moreover, 
the extent to which these factors mediate relationships between psy-
chiatric symptom severity and change in heaviness of smoking among 
daily smokers is unknown. 

To better understand the contributions of nicotine dependence, 
adverse health symptoms, and smoking risk perceptions to persistent 
smoking among individuals with varying degrees of psychiatric symp-
toms, we tested mediational pathways between psychiatric symptoms 
and change in smoking heaviness among adult daily smokers with 
internalizing disorders using the Population Assessment in Tobacco and 
Health (PATH) survey. There are four waves of the PATH study avail-
able. We tested our mediators longitudinally between Waves 1–3 and 
Waves 2–4. We hypothesized that cigarette dependence, risk perceptions 
and respiratory symptoms would mediate the relationship between 
internalizing symptoms at Wave 1 and cigarettes per day at Wave 3 
among individuals who smoke daily. Specifically, based on the studies 
described above, we hypothesized that higher symptom severity at 
Wave 1 would be associated with higher cigarette dependence, lower 
risk perceptions, and higher respiratory symptoms at Wave 2, and that 
these would be associated with higher cigarettes per day at Wave 3. 

2. Methods 

2.1. Data Source: 

This analysis was conducted using participant data from the Public- 
Use Files (PUF) of the Population Assessment in Tobacco and Health 
(PATH) Study (U.S Department of Health and Human Services., 2014). 
The PATH Study is a nationally representative longitudinal cohort study 
funded by the National Institutes of Health (NIH), the Food and Drug 
Administration (FDA) and FDA’s Center for Tobacco Products (CTP). 
Data collection for the PATH study started in October 2013 (Wave 1) 
and has been collected every subsequent year, with Wave 4 data 
collection ending in October 2018. A total of 45,971 U.S. youth and 
adults participated in this survey. Participants were recruited using a 
multistage area-probability sampling approach. The methods and sam-
pling design of the PATH study are reported elsewhere (Hyland et al., 
2017). The weighted response rate among adults eligible to participate 
in all four waves was 74% (U.S. Department of Health & Human Ser-
vices, 2014). The weighted response rate refers to the estimated pro-
portion of the survey population for which there is useable information 
available for all four waves. 

2.2. Population: 

This analysis was restricted to U.S. adults who were ages 18 and 
older during Wave 1 data collection, participated in all four waves of 
data collection, and self-identified as daily cigarette users at every wave. 
A daily cigarette user was defined in the PATH Study as anyone who has 
smoked at least 100 cigarettes in their lifetime and now smokes every 
day. All measurement models and structural equation models were run 
using complete case analysis. Among 5,782 eligible individuals at Wave 
1 there was complete data available across all four waves for 4,152 in-
dividuals. We report our main findings based on this sample. We also 
undertook a detailed missing data analysis to assess any systematic 
patterns of missing data associated with our exposure variable, media-
tors and outcome and identify any potential sources of bias due to our 
complete case restriction. 

Our findings focused on daily cigarette users due to our interest in 
understanding potential mediators of smoking heaviness among those 
who are persistent cigarette users, which interpreted as people who 
demonstrate consistent and committed use of cigarettes. Persistent 
cigarette use among this population is well documented in the literature 
people with psychiatric disorders are at an increased risk of incurring 
smoking-related health harms. 

2.3. Measures: 

2.3.1. Tobacco use outcome 
Our outcome was change in smoking heaviness. Smoking heaviness 

was measured by participant’s self-reported cigarettes per day (CPD) at 
each wave. CPD values beyond three standard deviations of the mean in 
Wave 1 were removed from the dataset. We modeled changes in 
smoking behavior between Waves 1–4. 

2.3.2. Psychiatric Symptoms: 
Our exposure of interest was elevated symptoms of internalizing 

disorders such as depression, anxiety, somatic disorder and traumatic 
distress, based on DSM criteria (Dennis et al., 2006). These symptoms 
were assessed using the internalizing subscale of the Global Appraisal of 
Individual Needs–Short Screener (GAIN-SS), which asks about symp-
toms of depression, insomnia feeling nervous/anxious and feeling dis-
tressed about things in the past (Cohn et al., 2018; Conway et al., 2017; 
Dennis, Feeney, Titus, 2008). When responding to the internalizing 
scale, participants indicated how recently they experienced internal-
izing symptoms using the following rating: “Never,” “1 + years ago,” “2 
to 12 months ago,” and “Past month.” Rather than collapse internalizing 
scale scores into a binary measure representing low severity versus high 
severity of symptoms, we modeled internalizing symptoms based on the 
original scores to better understand the association between mediators 
and the degree of internalizing symptom severity. 

2.3.3. Mediators: 
In order to better understand how the constructs of general harm 

perceptions of cigarettes, self-reported cigarette dependence, and res-
piratory symptoms are associated with heaviness of smoking among 
people internalizing disorders more broadly, three mediation variables 
were selected a-priori using questions from the PATH dataset: “How 
harmful do you think cigarettes are to health”; “ Usually want to smoke/ 
use cigarettes right after waking up”; and experiences of 5 different 
respiratory symptoms in the last 12 months. These measures are 
described in detail below. 

2.3.4. Cigarette risk Perception: 
In order to assess self-perceived cigarette risk perception, we used a 

stand-alone question that asked cigarette users about their general 
perception of cigarette harm, “How harmful do you think cigarettes are 
to health”. Response options ranged from 1 (not at all harmful) to 5 
(extremely harmful). Selection of this measure was used based on its 
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availability in all four waves of the PATH study and that the construct 
(perception of risk) closely matched the measure we used in our sec-
ondary analysis focused on biopsychosocial mechanisms associated with 
tobacco use among people with and without serious mental illness. 

2.3.5. Respiratory Symptoms: 
Respiratory symptom severity was treated as a latent variable indi-

cated by five questions from the PATH study that ask participants about 
the number of 1) wheezing attacks 2) sleep disruptions, 3) instances of 
limited speech due to wheezing, 4) instances of chest wheezing after 
exercise, and 5) instances of experiencing a dry cough at night not 
associated with a cold of chest infection in the past 12 months. For 
number of wheezing attacks, response options ranged from 1 (never) to 
4 (more than 12 times). For number of sleep disruptions, response op-
tions ranged from 1 (never) to 4 (one or more nights per week). For the 
remaining three respiratory symptom questions, response options 
ranged from 1 to 2, with 1 being yes and 2 being no. We also adjusted for 
unique covariance between two questions, sleep disruptions due to 
wheezing and chest wheezing during or after exercise 

2.3.6. Cigarette Dependence: 
Time to first cigarette is commonly used as a phenotype measure of 

nicotine dependence (Fagerström, 2003). Participants were asked their 
level of agreement with the following statement “Usually want to 
smoke/use [tobacco products / specific product] right after waking up”. 
Response options ranged from 1 to 5 with 1 being “not true for me” and 5 
being “extremely true for me”. 

2.3.7. Demographic covariates: 
All analyses accounted for relevant covariates associated with vari-

ation in cigarette use including socioeconomic status (attainment, 
average household income, and employment), age, race, and Latino 
ethnicity (U.S. Department of Health & Human Services, 2014). 

2.3.8. Confounders: 
In order to maximize our ability to identify longitudinal changes in 

the mediator and their impact on smoking, we conditioned each medi-
ator on its own score from the previous wave (this was done in both the 
Waves 1–3 and Waves 2–4 models). In addition, we controlled for cig-
arettes per day in the previous wave to adjust for baseline differences. 
Sex was also treated as potential confounder since women are found to 
have a higher mean level of internalizing symptoms (Eaton et al., 2012) 
and higher prevalence of affective disorders than men (Tibubos et al., 
2019). 

2.4. Statistical Analyses: 

Selected sample characteristics were described using Fay’s variant 
(Westat, 2021) of balanced repeated replication weights survey to pro-
vide estimates generalizable to the non– institutionalized, U.S. adult 
population and to account for potential bias due to non-response. 
Structural equation models (SEM) were fit across two sets of partici-
pant data, spanning Waves 1–3 and 2–4, to determine the direct and 
indirect associations between internalizing symptoms (W1 or W2, 
respectively), all three mediators (W2 or W3, respectively) and CPD (W3 
or W4, respectively). Models were based on a complete case analysis and 
restricted to daily smokers. We included auto-regressive effects for the 
mediator at the respective baseline wave in the mediator path and for 
CPD at the respective baseline wave in the outcome path to account for 
potentially confounding baseline differences. Conditioning each medi-
ator on its prior score using an autoregressive SEM approach, allows us 
to maximize the measurement of change that happens over time be-
tween our exposure, mediators, and outcome. Models were fit with 
bootstrapped standard errors (SE) and accounted for sociodemographic 
covariates in all paths. 

Confirmatory Factor Analysis (CFA) was used to develop the latent 

variable measurement model for respiratory symptoms noted previ-
ously. Variables included in our CFA measurement model met univariate 
and regression assumptions in the context of an appropriately sized 
sample. As indicators of respiratory symptoms were non-multivariate 
normal (Henze-Zirkler < 0.001) which could bias estimates when 
using maximum likelihood estimation, bootstrapping was used in the 
computation of standard errors (Fouladi, 1998; Hancock & Nevitt, 1999; 
Nevitt & Hancock, 2001). We also observed residual covariance across 
two items (i.e., sleep disruption due to wheezing and chest wheezing 
during or after exercise) in our respiratory symptoms measure. We 
accounted for this unique covariance between items and allowed them 
to correlate in our final model. We estimated standardized coefficients 
across latent measurement models. All analyses were run using R sta-
tistical programming software (R Core Team, 2018). 

3. Results 

A total of N = 4,152 individuals were included in this analysis. At 
Wave 1, the sample was 52.7% male and 47.3% female. Approximately 
55.7% participants were between the ages of 18–44 years and the ma-
jority of the sample was white, (80%) and non-Latino (92%). Approxi-
mately 58.42% had a high school education or less, 46.6% worked at 
least 35 h a week, and 77.02% reported annual household income at or 
below $50,000 (Table 1). 

We created one latent variable for respiratory symptoms. Modifica-
tion indices suggested unaccounted-for covariance between two items 
(sleep disruptions due to wheezing and exercise disruptions due to 
wheezing). 

Table 1 
Weighted Descriptive Characteristics of Sample Participants at Wave 1 of the 
Population Assessment of Tobacco and Health (PATH) Study.  

Variables Total Sample 
n = 4,152 
N1 = 32,514,300 
% (SE) 

Male 52.7 (0.75) 
Female 47.3 (0.75) 
18 to 44 years old 55.7 (0.94) 
45 to 64 years old 38.3 (0.85) 
65 years old or older 6.0 (0.47) 
White 80 (0.75) 
Black 13.5 (0.60) 
Other 6.5 (0.40) 
Latino Ethnicity 8.00 (0.46) 
Non-Latino Ethnicity 92.00 (0.46) 
High School or Less 58.42 (0.98) 
Some college / Associates degree 33.57 (0.87) 
Bachelors or higher 8.01 (0.50) 
<50,000 (Mean $/year) 77.02 (1.00) 
More than 50,000 (Mean $/year) 22.98 (1.00) 
Don’t currently work for pay 38.1 (1.02) 
Work part time<15 h per week 4.4 (0.3) 
Work part-time 15–24 h per week 10.9 (0.57) 
Work full time at least 35 h per week 46.6 (1.04) 
Cigarettes Per Day Mean (95% CI)† 16.6 (16.2 – 16.9) 
Cigarette Dependence Mean (95% CI)2 2.7 (2.7–2.8) 
Cigarette Risk Perception Mean (95% CI)3 3.0 (3.0 – 3.1) 
Respiratory Symptoms Mean (95% CI)4 1.5 (1.5 – 1.6) 

†Structured in line with our analysis, means are shown for Wave 3 outcome 
(CPD) and Wave 2 mediators 

1 N represents the US population to which the sample generalizes. 
2 Response options ranged from 1 to 5 with 1 being “not true for me” and 5 

being “extremely true for me” 
3 Response options ranged from 1 to 5 with 1 being “not at all harmful” and 5 

being “extremely harmful” 
4 Response options for wheeze attacks and sleep disruptions ranged from 1 to 

4 with 1 being “never” and 4 being “more than 12 times” and “one or more 
nights per week”, response options for the other three respiratory symptom 
questions ranged from 1 to 2, with 1 being “yes” and 2 being “no”. 
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Results from the Confirmatory Factor Analysis suggested excellent fit 
for the respiratory symptoms measurement model, Root Mean Squared 
Error Approximation (RMSEA) = 0.035; Comparative Fit Index (CFI) =
0.946; Tucker-Lewis Index (TLI) = 0.930; Standardized Root Mean 
Square Residual (SRMR) = 0.036. We also achieved excellent fit for the 
cigarette dependence measurement model (RMSEA = 0.046; CFI =
0.936; TLI = 0.902; SRMR = 0.044) and the risk perceptions of ciga-
rettes measurement model (RMSEA = 0.045; CFI = 0.937; TLI = 0.904; 
SRMR = 0.042). We replicated these measurement models at Wave 3 
and achieved similar results for the measurement model for respiratory 
symptoms (RMSEA = 0.034; CFI = 0.952; TLI = 0.938; SRMR = 0.035). 
At Wave 3, the measurement model for cigarette dependence was 
(RMSEA = 0.044; CFI = 0.945; TLI = 0.916; SRMR = 0.044) and fit for 
the measurement model for perceived harmfulness of cigarettes was 
(RMSEA = 0.043; CFI = 0.944; TLI = 0.914; SRMR = 0.041) and for 
cigarette dependence. 

Higher internalizing symptoms at Wave 1 were associated with lower 
CPD at Wave 3 (B = -0.030, SE = 0.313, p = 0.021) (Fig. 1). In addition, 
higher internalizing symptoms at Wave 1 were associated with higher 
respiratory symptoms at Wave 2 (B = 0.270, SE = 0.037, p < 0.001), 
higher cigarette dependence at Wave 2 (B = 0.033, SE = 0.055, p =
0.019) and higher cigarette risk perceptions at Wave 2 (B = 0.56, SE =
0.035, p < 0.001). 

Our mediators were associated with our outcome in the following 
ways; higher respiratory symptoms at Wave 2 predicted higher ciga-
rettes per day at Wave 3 (B = 0.067, SE = 0.169, p < 0.001), higher 
cigarette dependence at Wave 2 predicted higher cigarettes per day at 
Wave 3 (B = 0.117, SE = 0.074, p < 0.001) and higher cigarette risk 
perceptions at Wave 2 predicted lower CPD at Wave 3 (B = -0.009, SE =
0.114, p = 0.404). 

In the structural equation models, the relationship between inter-
nalizing symptoms and CPD was mediated by cigarette dependence 
(indirect: B = 0.004, SE = 0.041, p = 0.023). Similarly, respiratory 
symptom severity mediated the relationship between internalizing 
symptoms and CPD (indirect: B = 0.018, SE = 0.097, p < 0.001). 
Internalizing symptoms predicted higher risk perceptions (B = 0.056, 
SE = 0.035, p < 0.001) but the indirect relationship with CPD was non- 
significant. Findings from Waves 2–4 replicated these results (Fig. 1) 
with two exceptions, the b path between cigarette risk perceptions at 
Wave 2 and cigarettes per day at Wave 4 became significant (B = -0.028, 
SE = 0.128, p = 0.042). This did not change the indirect relationship 
between respiratory symptoms severity, internalizing symptoms and 
smoking heaviness because the relationship between internalizing 
symptoms at Waves 2 and cigarettes per day at Wave 4 became non- 
significant (B = -0.28, SE = 0.365, p = 0.73) 

4. Discussion 

The main objective of this study was to explore the longitudinal 

associations between elevated psychiatric symptoms and persistent 
smoking among daily cigarette users with three mediators that were 
selected a priori based on our previous work (DeAtley et al., 2020): 
cigarette dependence, risk perceptions, and respiratory symptoms. 
Consistent with our hypothesis, we found that higher internalizing 
symptom severity at Wave 1 was associated with higher cigarette 
dependence severity and higher respiratory symptom severity at Wave 
2, which in turn predicted more cigarettes per day at Wave 3. These 
relationships were replicated in Waves 2–4. Contrary to our hypothesis, 
internalizing symptom severity at Wave 1 was associated with higher 
risk perceptions about cigarettes at Wave 2 and was associated with 
lower smoking heaviness at Wave 3. In addition, the relationship be-
tween risk perceptions at Wave 2 and smoking heaviness at Wave 3 was 
not significant. While the relationship between risk perceptions at Wave 
3 and smoking heaviness at Wave 4 was significant, this did not change 
the indirect results for the overall relationship between these variables 
in Waves 2–4. 

Our novel findings demonstrated that cigarette dependence mediates 
the relationship between internalizing symptoms and smoking heavi-
ness over time. Nicotine dependence has been studied as a key process 
underlying persistent tobacco use both in the general population (Donny 
et al., 2008) and among individuals with psychiatric conditions (Tidey & 
Miller, 2015). Furthermore, symptoms of nicotine dependence such as 
craving and withdrawal appear to be key factors driving smoking relapse 
among psychiatric (Tidey & Miller, 2015) and non-psychiatric samples 
(Allen et al., 2008). Our findings were consistent with a recent PATH 
study analysis that found that adults with internalizing symptoms and 
high nicotine dependence had higher cigarette consumption compared 
to adults with internalizing symptoms alone (Snell et al., 2021). This 
study also found that adults with psychiatric conditions who were not 
highly dependent were more likely to attempt to quit smoking and to be 
successful. Taken together, these findings suggest that while adults with 
psychiatric conditions are at increased risk of smoking, this risk is driven 
in part by increased vulnerability for nicotine dependence rather than 
directly by psychiatric symptomatology alone. Our findings also lend 
support to evidence from clinical trials that reducing cigarette depen-
dence by lowering the reinforcing efficacy of cigarettes (i.e. through 
reducing nicotine content) may be an effective strategy to reduce the 
significant public health burden of smoking among both the general 
population of adults who smoke, and those with psychiatric conditions 
(Higgins et al., 2020) including adults with serious mental illness (Tidey 
et al., 2019). 

While respiratory symptoms severity did mediate the relationships 
between internalizing symptoms and smoking heaviness, the direction 
of these relationship between our mediator and outcome suggests that 
there may be a disconnect between people with internalizing symptoms 
experiencing high respiratory symptoms and wanting to quit. As shown 
in our models, higher respiratory symptoms lead to more cigarettes per 
day in our sample rather than less, suggesting that interventions to 

Fig. 1. Auto Regressive SEM analysis of W1 inter-
nalizing symptoms W2 mediators (respiratory 
symptoms, cigarette dependence and cigarette risk 
perception) predicting W3 cigarettes per day & W2 
internalizing symptoms W3 mediators (respiratory 
symptoms, cigarette dependence and cigarette risk 
perception) predicting W4 cigarettes per day. Stan-
dardized coefficients signified with an asterisk are 
significant. * p < 0.05, ** p < 0.01. a) Controlling 
for CPD at Wave 1, for analysis of Waves 1–3 and 
controlling for CPD at Wave 2 for analysis of Waves 
2–4.   
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encourage quitting if respiratory symptoms are high is needed. 
One relationship that did not align with our hypothesis was that 

internalizing symptoms were positively associated with smoking risk 
perceptions. While we hypothesized that internalizing symptoms would 
be associated with lower risk perceptions based on our previous study 
people with serious mental illness who smoke, (DeAtley et al., 2020) 
other studies have found positive associations between psychiatric dis-
orders and cigarette risk perceptions. For example, frequent depression 
emerged as a predictor of fatalistic cancer beliefs and increased per-
ceptions of cancer risk among a sample of individuals who identified as 
never, current and former cigarette users, in an online cancer ques-
tionnaire (Cunningham et al., 2019). In a separate study, associations 
between risk perceptions of lung cancer and depressive symptoms were 
explored among two different samples of individuals who smoke: 1) 
college students and 2) the Health Information National Trends Survey 
(HINTS) (Floyd et al., 2009). In that study, women with more depressive 
affect who were heavier cigarette users perceived a greater risk of 
developing lung cancer in the future than those with lower depressive 
affect (Floyd et al., 2009). 

A possible explanation for why risk perceptions may not have 
mediated the relationship between internalizing symptoms and smoking 
heaviness is because of the complexity of the behavior change (Costello 
et al., 2012). Although health behavior change models such as the 
Health Belief Model, (Janz & Becker, 1984) Protection Motivation 
Theory, (Rogers, 1975) and the Theory of Reasoned Action (Fishbein & 
Ajzen, 1977) highlight the importance of perceived health risks in pre-
dicting behavior change, perceived risk and other motivational factors 
appears to play a larger role in predicting less complex behaviors like 
making plans to quit or making a quit attempt than more complex be-
haviors such as maintaining cessation (Borland et al., 2010). Our finding 
that internalizing symptom severity is positively associated with smok-
ing risk perceptions but that this does not predict changes in smoking 
behavior is consistent with the suggestion that smoking persistence 
among people with psychiatric symptoms is not due to low motivation to 
quit but may instead be due to factors such as lack of access to effective 
cessation interventions (Siru et al., 2009). 

It should be noted that our findings are limited to daily cigarette 
users. Patterns of missingness were explored for our outcome (CPD) as 
well as two of our mediators, cigarette dependence and cigarette risk 
perception. Our exposure variable, internalizing symptoms and medi-
ator respiratory symptoms had over a 95% response rate. From our 
missing data analysis, participants were more likely to not report CPD at 
Wave 3 if they had a high-risk perception of cigarettes at Wave 2. This 
pattern of missing data was observed between Waves 2–4. The overall 
mean of cigarette risk perception for this sample was 3 out of 4, meaning 
that most people in this sample thought cigarettes were relatively 
harmful. We did not observe a significant association between the 
cigarette risk perception and CPD pathway in our multiple mediator 
model at Waves 1-3. While this relationship became signficant at Waves 
2-4,the relationship between internalizing symptoms and CPD at Waves 
2- 4 became non-significant, therefore there are no additional consid-
erations for our interpretation due to this pattern of missingness. 

Participants were more likely to miss the CPD question at Wave 3 if 
they reported lower cigarette dependence at Wave 2. Given that higher 
cigarette dependence at Wave 2 is associated with increases in cigarettes 
per day at Wave 3, our estimate may be underestimating the strength of 
this association, for example, individuals with low dependence are likely 
to have low CPD per known associations as well as cross-sectional ob-
servations. Omitting these observations may attenuate the relationship 
between dependence and CPD, which may plateau at high levels of 
dependence. However, given that small proportion of missing data, such 
biases are unlikely. 

Lastly, participants were more likely to not answer the smoking 
dependence question at Wave 3 if they reported high risk perceptions at 
Wave 3. Given that the sample overall thought that cigarettes were 
harmful to health, participants may be less willing to report their 

dependence due to shame or perceived stigma given that they reported a 
high awareness of cigarette risk perception. We did not study variation 
in smoking behavior for individuals who were dual users of cigarette and 
electronic cigarettes nor those who may have used cessation aids over 
the course of the four-wave study. Future studies should investigate how 
these mediators interact with use of cessation aids or reduced risk 
products among daily cigarette users. However, our findings are 
important in that they describe the associations between smoking, 
cigarette harm perceptions, respiratory symptoms, and cigarette 
dependence among a sample of individuals with elevated symptoms of 
anxiety and depression; a population that suffers from persistently high 
rates of tobacco use and related disease. Our analysis utilized a large, 
nationally representative data set, and because we analyzed cigarette 
users with elevated internalizing symptoms, our results may be more 
generalizable than results from studies that focus on people with a 
specific psychiatric diagnosis. The availability of four waves of data 
among a cohort of adults allowed for a rigorous examination of several 
mediational pathways over time that may guide intervention future 
intervention development. 

5. Conclusion 

Our results indicate that cigarette dependence and respiratory 
symptom severity mediate the relationship between internalizing 
symptoms and CPD. While higher amount of internalizing symptoms 
were associated with higher smoking risk perceptions, higher risk per-
ceptions were not associated with higher amount of CPD. These findings 
suggest that efforts to reduce smoking among people with internalizing 
disorders should focus on reducing cigarette or nicotine dependence and 
increasing awareness of respiratory symptoms to encourage a quit 
attempt or switching to less harmful sources of nicotine rather than 
focusing on smoking risks. 
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