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Abstract

Aim: To evaluate the role of tobacco use in the development of psychosis in individuals at clinical 

high risk.

Method: The North American Prodrome Longitudinal Study is a 2-year multi-site prospective 

case control study of persons at clinical high risk that aims to better understand predictors and 

mechanisms for the development of psychosis. The cohort consisted of 764 clinical high risk and 
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279 healthy comparison subjects. Clinical assessments included tobacco and substance use and 

several risk factors associated with smoking in general population studies.

Results: Clinical high risk subjects were more likely to smoke cigarettes than unaffected subjects 

(light smoking odds ratio [OR] = 3.0, 95% confidence interval [CI] = 1.9–5; heavy smoking OR 

= 4.8, 95% CI = 1.7–13.7). In both groups, smoking was associated with mood, substance use, 

stress and perceived discrimination and in clinical high risk subjects with childhood emotional 

neglect and adaption to school. Clinical high risk subjects reported higher rates of several factors 

previously associated with smoking, including substance use, anxiety, trauma and perceived 

discrimination. After controlling for these potential factors, the relationship between clinical high 

risk state and smoking was no longer significant (light smoking OR = 0.9, 95% CI = 0.4–2.2; 

heavy smoking OR = 0.3, 95% CI = 0.05–2.3). Moreover, baseline smoking status (hazard ratio 

[HR] = 1.16, 95% CI = 0.82–1.65) and categorization as ever smoked (HR = 1.3, 95% CI = 

0.8–2.1) did not predict time to conversion.

Conclusion: Persons at high risk for psychosis are more likely to smoke and have more factors 

associated with smoking than controls. Smoking status in clinical high risk subjects does not 

predict conversion. These findings do not support a causal relationship between smoking and 

psychosis.
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1 | INTRODUCTION

One of the most consistent observations in persons with schizophrenia and other psychotic 

disorders is a high rate of tobacco use, estimated at 3- to 6-fold that of the general 

population (de Leon & Diaz, 2005; Gurillo, Jauhar, Murray, & MacCabe, 2015). Initiation 

of smoking occurs before psychosis symptoms emerge for about 75% of persons with 

schizophrenia (de Leon & Diaz, 2005), and prospective population-based cohort studies 

(Kendler, Lonn, Sundquist, & Sundquist, 2015; Riala, Hakko, Isohanni, Pouta, & Rasanen, 

2005; Sorensen, Mortensen, Reinisch, & Mednick, 2011; Weiser et al., 2004; Zammit et al., 

2003) find that risk of schizophrenia is about doubled for tobacco smokers (Gurillo et al., 

2015). Based on the observed temporal precedence and that higher levels of tobacco use 

are associated with higher risk of subsequent schizophrenia (Kendler et al., 2015; Weiser et 

al., 2004), several researchers propose that there is a causal relationship between smoking 

tobacco and the development of a psychotic disorder (Alderson & Lawrie, 2015; Gage & 

Munafo, 2015; Gurillo et al., 2015; Kendler, Ohlsson, Mezuk, Sundquist, & Sundquist, 

2016; Wium-Andersen, Orsted, & Nordestgaard, 2015).

These same investigators (Alderson & Lawrie, 2015, Gage & Munafo, 2015, Gurillo et al., 

2015, Kendler et al., 2016, Wium-Andersen et al., 2015) acknowledge, however, the many 

challenges to establishing causality in observational studies, especially that of confounding. 

Factors associated with increased risk of smoking initiation and dependence in the general 

population, if also associated with psychosis risk, could confound associations of smoking 

and schizophrenia. General population factors associated with smoking include depression, 
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general anxiety, social anxiety, low self-esteem, impulsivity, trauma, stress, alcohol use, poor 

academic performance and low socioeconomic status (SES) (Balk, Lynskey, & Agrawal, 

2009; Johnson & Hoffmann, 2000; Kushner, Menary, Maurer, & Thuras, 2012; Leventhal 

et al., 2012; Leventhal & Zvolensky, 2015; Liu, 2003; Lynch, Kaplan, & Salonen, 1997; 

O’Loughlin, Dugas, O’Loughlin, Karp, & Sylvestre, 2014; Otten, Bosma, & Swinkels, 

1999; Patton et al., 1998; Sonntag, Wittchen, Hofler, Kessler, & Stein, 2000).

The North American Prodrome Longitudinal Study is a collaborative effort to determine 

predictors and mechanisms for the development of psychosis in persons meeting clinical 

high risk diagnostic criteria (Addington et al., 2007). Using data from our completed 2-year 

prospective cohort (Addington et al., 2012; Perkins et al., 2015), we aimed to evaluate the 

hypothesized causal role of tobacco use in the development of psychosis.

2 | METHODS

2.1 | Participants

Participants included 764 clinical high-risk subjects and 279 unaffected comparison (UC) 

subjects. All high-risk participants were required to meet the Criteria of Psychosis-Risk 

Syndromes (COPS) based on the structured interview for psychosis-risk syndromes (SIPS) 

(McGlashan, Walsh, & Woods, 2010). Twenty-one subjects who did not meet COPS criteria 

were included but met alternate criteria. Subjects were excluded if they met criteria for 

any current or lifetime Axis I psychotic disorder, intelligence quotient <70 based on 

the Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999), past or current history 

of central nervous system disorder, or met Diagnostic and Statistical Manual of Mental 

Disorder, Fourth Edition (DSM-IV) criteria for current substance dependence (excluding 

nicotine) disorder. Comparison subjects were also excluded if they had a first-degree relative 

with a current or past psychotic disorder, met criteria for any high-risk syndrome, current or 

past DSM-IV psychotic disorder or cluster A personality disorder or were currently using 

psychotropic medication (Addington et al., 2012).

Clinical assessments were done every 6 months and subjects followed for up to 2 years. 

Severity of positive, negative, disorganized and general symptoms was rated on the Scale 

of Psychosis-Risk Symptoms (SOPS). Conversion to psychosis was based on the SIPS 

interview, defined as meeting the Presence of Psychosis Syndrome (POPS) criteria.

Informed consent was obtained from eligible subjects who were judged to be fully 

competent to provide consent. Participants under age 18 provided informed assent as well as 

parental consent. The study was approved by the institutional review boards of all eight sites.

2.1.1 | Assessments—Our primary independent variable was based on the frequency 

of tobacco use as measured by the Alcohol Use Scale/Drug Use Scale (AUS/DUS) (Drake, 

Mueser, & McHugo, 1996b; Drake, Rosenberg, & Mueser, 1996a). The original scoring was 

measured by cigarettes per day (0 = no use, 1 = occasionally, 2 = less than 10 per day, 3 = 

11–25 per day, 4 = more than 25 per day) that was rescaled for this analysis to be consistent 

with previous studies (0 = nonsmoker, 1 or 2 = light smoker, 3 or 4 = heavy smoker).
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Cigarette use was also assessed as part of the olfaction clinical assessment, where subjects 

were asked if they “ever smoked.” If affirmed subjects were asked about the age they started 

smoking, the number of years they have smoked, the overall average number of cigarettes 

per day they have smoked, and if they currently smoke (if “no” what age they stopped 

smoking, if “yes” the number of cigarettes per day they currently smoke). If baseline data 

were missing, age of onset of smoking and lifetime smoking were used from collection at a 

later visit if occurring at an age prior to study entry.

We identified variables in the study assessment battery that have been associated 

with smoking initiation or dependence as reviewed in the introduction; these included 

demographic variables (sex, SES and age), substance use, academic and social function, 

anxiety and depression symptoms, trauma history and stressful life events.

Socioeconomic status was measured by education completed by each parent (1 = No 

schooling, 2 = Some primary school, 3 = Completed primary school, 4 = Some high 

school, 5 = Completed high school, 6 = Some college/technical school/undergraduate, 7 

= Completed graduate/professional school, 8 = Some graduate/professional school, 9 = 

Completed graduate/professional school).

We assessed marijuana, alcohol, and other substance use in past month with the AUS/DUS 

(0 = no use, 1 = once or twice per month, 2 = 3–4 times per month, 3 = 1–2 times per week, 

4 = 3–4 times per week, 5 = almost daily). Substance use was considered an ordinal variable.

Academic and social function was assessed using the Premorbid Adjustment Scale (PAS) 

(Cannon-Spoor, Potkin, & Wyatt, 1982; van Mastrigt & Addington, 2002).

Depression was assessed with the Calgary Depression Scale for Schizophrenia (CDSS) 

(Addington, Addington, & Matickatyndale, 1993), and anxiety symptoms with the Social 

Interaction Anxiety Scale (SIAS) and Social Anxiety Scale (SAS) (Olivares, Garcia-Lopez, 

& Hidalgo, 2001).

We evaluated the experience of trauma and abuse with the Childhood Trauma and Abuse 

Scale (Janssen et al., 2004). Life stress was assessed with a modified version of the 

Psychiatric Epidemiology Research Interview Life Events Scale (Dohrenwend, Krasnoff, 

Askenasy, & Dohrenwend, 1978) and the Daily Stress Inventory (Brantley, Waggoner, Jones, 

& Rappaport, 1987). Perceived discrimination was assessed using an adapted self-report 

measure (Janssen et al., 2003).

The PAS scholastic performance and adaptation to school, CDSS total score, SIAS total 

score, SAS total anxiety score, daily stressors total score, total life events, and total 

lifetime perceived discrimination were considered continuous variables. Trauma variables 

were considered categorical variables.

2.2 | Statistical analysis

For continuous variables, we compared group averages using the two-tailed student t test. 

For categorical or ordinal variables, we used the χ2 test, where small cell sizes threatened 

the validity of asymptotic theory, we used the exact Pearson χ2 test.
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We assessed the univariate associations between tobacco use and potential tobacco use risk 

factors with the exact Mantel-Haenzel χ2 test if the independent variable was categorical, 

the exact Cochran-Armitage test of trend if the independent variable was ordinal, the exact 

Pearson χ2 test if the independent variable was ordinal, and the Kruskal-Wallis test if the 

independent variable was continuous.

We use logistic regression to evaluate the effect of tobacco use on clinical high risk state, 

while adjusting for potential confounders with clinical high risk state as the outcome. All 

variables with a univariate association with clinical high risk state were candidate covariates. 

Tobacco use, marijuana use, alcohol use, age, ethnicity, academic performance, academic 

adjustment, depression, anxiety, social anxiety, daily stressors, life events and perceived 

discrimination were selected as covariates.

We used the cox proportional hazards model to determine if smoking predicted development 

of psychosis in persons at clinical high risk, and show Kaplan-Meyer survival curves 

stratified by smoking (none, light, heavy).

All analyses were carried out in SAS, version 9.4 (SAS Institute, Cary, North California).

3 | RESULTS

A total of 1043 participants (764 clinical high risk and 279 UC subjects) were enrolled in 

the study. We included 587 clinical high risk and 274 unaffected subjects in this analysis 

(see Figure 1, consort diagram, for exclusion reasons). Within each group, there were no 

significant differences between subjects who were excluded compared to those who were 

included for demographics, smoking or illness severity (Table 1).

3.1 | Tobacco use in clinical high risk and unaffected subjects

Compared to unaffected subjects, a greater proportion of clinical high risk subjects reported 

current smoking and history of ever smoking (light smoking odds ratio [OR] = 3.0, 95% 

confidence interval [CI] = 1.9–5; heavy smoking OR = 4.8, 95% CI = 1.7–13.7). However, 

for smokers, there were no differences between groups for the age started smoking (high risk 

mean = 16.0, sd = 2.8, unaffected mean = 16.7, sd = 2.8, t(79.4) = −1.8, P value = 0.082), 

number of years smoked (high risk mean = 3.5, sd = 3.5, unaffected mean = 3.5, sd = 3.2, 

t(69.3) = −0.02, P value = 0.98), or lifetime average (high risk median = 3.5, interquartile 

range [IQR] = 9, unaffected median = 2, IQR = 4, Wilcoxon statistic = 4942.5, P value 

= 0.068). When controlling for age at onset of clinical high risk symptoms, there was no 

difference in the proportion of smokers between groups (OR = 1.195, 95% CI = 1.15–1.24).

In the clinical high risk group, initiation of smoking occurred a median of 2 years prior 

to meeting diagnostic criteria (IQR = 4), and preceded onset of high risk state for 157/187 

(84%) of subjects.

During study participation 15/273 (5.49%), clinical high risk individuals stopped smoking 

and 28/273 (10.26%) started smoking, which did not significantly differ from unaffected 

subjects, where 4/134 (2.99%) stopped smoking and 12/134 (8.96%) started smoking.

Ward et al. Page 5

Early Interv Psychiatry. Author manuscript; available in PMC 2024 November 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3.2 | Factors associated with smoking and with group

Smoking was associated with older age, marijuana use, alcohol use, cocaine use, 

hallucinogen use, “3,4-Methylenedioxymethamphetamine (MDMA)” use, perceived 

discrimination and stressful life events in both groups, and with scholastic performance, 

adaptation to school, and emotional neglect in clinical high risk subjects (Table 2).

Several of these variables were more common or rated as more severe in clinical high risk as 

compared with unaffected subjects (Table 2), including marijuana use, depression, anxiety, 

social anxiety, scholastic performance, adaptation to school, perceived discrimination, daily 

stressors, stressful life events, psychological bullying, physical bullying, emotional neglect, 

psychological abuse, physical abuse and sexual abuse. Clinical high risk subjects were 

younger and reported less alcohol use compared to unaffected subjects. In unaffected 

subjects, all drug use and daily stressors were associated with smoking.

Although clinical high risk subjects were more likely to smoke compared to unaffected 

subjects, the relationship between high risk state and smoking became non-significant 

after we controlled for certain potential confounders. When we considered confounders 

individually, such as depression, anxiety and school adjustment, the odds ratios between 

smoking and clinical high risk state were no longer significant (Table 3). When a forward 

selection regression model chose multiple factors, the odds ratio between smoking and 

clinical high risk state was no longer significant (light smoking OR = 0.9, 95% CI = 0.4–2.2; 

heavy smoking OR = 0.3, 95% CI = 0.05–2.3) (Figure 2).

3.3 | Tobacco use and psychosis risk

Smoking status (none, light or heavy) at baseline did not predict time to conversion (HR = 

1.0, 95% CI = 0.7–1.5) (Figure 3). In addition, categorization as ever-smoked (HR = 1.3, 

95% CI = 0.8–2.1) did not predict time to conversion.

4 | DISCUSSION

Persons at clinical high risk for psychosis are more likely to smoke than unaffected persons 

(Carney, Cotter, Bradshaw, Firth, & Yung, 2016). Several factors associated with tobacco 

use, especially stressful life events, perceived discrimination, and substance use, were more 

common or more severe in clinical high risk subjects. When we included factors associated 

with smoking in a regression model, the clinical high risk subjects were no longer more 

likely to be smokers, suggesting that the proposed link between smoking and schizophrenia 

may be confounded by greater likelihood of co-morbid problems with substance use and 

higher stress.

To our knowledge, there is only one previous study of smoking and conversion risk in 

persons at clinical high risk; of 48 persons at high risk followed for 1 year, 67% (4/6) 

of converters compared to 26% (11/42) of nonconverters were smokers (Fisher exact test 

P value = 0.005) (Kristensen & Cadenhead, 2007). However, marijuana use was also 

more common in converters than nonconverters (Fisher exact test P value = 0.01), and 

the four converters who smoked also used marijuana, making it impossible to separate 

the impact of smoking from that of marijuana on conversion. However, a second study 
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reported higher prenatal nicotine exposure was associated with increased risk of subsequent 

schizophrenia (OR = 3.41, 95% CI = 1.86–6.24), controlled for maternal age, parental 

history of psychiatric disorder, and province of birth (Niemela et al., 2016).

Although many studies have identified an increased risk of psychosis conferred by smoking 

(Alderson & Lawrie, 2015; Gage & Munafo, 2015; Gurillo et al., 2015; Kendler et al., 

2016; Wium-Andersen et al., 2015), confounding variables continue to present a challenge. 

To this end, a recent study used sibling comparisons to account for both genetic and 

environmental variables. In this population study of 1.7 million Swedish offspring, maternal 

smoking during pregnancy was associated with an increased risk of severe mental illness 

in offspring. However, after comparing siblings, which accounted for all genetic and 

environmental confounders that make siblings similar, the relationship was weaker and no 

longer significant (Quinn et al., 2017). These findings, in combination with the results of our 

analysis, suggest that increased risk for the development of mental illness may be accounted 

for by a shared risk for both outcomes.

It is still conceivable that smoking could have a causal relationship to psychosis risk if 

clinical high risk persons who convert to psychosis have a different biological response to 

smoking than clinical high risk persons who do not convert. For example, although factors 

such as marijuana use, anxiety and trauma history may increase risk of clinical high risk 

symptoms and smoking, it may be that those clinical high risk smokers who also have a 

second psychosis-related vulnerability, such as impairment in antioxidant defence systems 

(linked to schizophrenia and challenged by smoking) develop psychosis. Future clinical high 

risk studies examining biomarkers linked to smoking may want to consider interactions with 

smoking as potential risk-modifiers.

Our findings also highlight a more general problem of the appropriate comparison groups 

in schizophrenia research. Persons with schizophrenia are likely to differ from the general 

population on numerous factors that are independent of the factors causing psychosis. 

Antipsychotic use is a commonly noted example, but this problem goes beyond prescribed 

medications. Similar to the smoking findings reported here, studies of clinical high risk 

subjects find many factors associated with schizophrenia are associated with a clinical high 

risk state, but not with conversion to psychosis, for example, trauma history (Addington 

et al., 2013; Stowkowy et al., 2016). Undetected confounding remains a barrier to 

understanding causal pathways for psychotic disorders, and the clinical high risk approach 

offers a strategy to address this problem.

In summary, our findings do not support a causal relationship between smoking and 

psychosis. At this point, interventions to address smoking in persons at clinical high risk for 

psychosis are needed, but the only clear rationale is the same as for the general population, 

that is to reduce risk of cardiovascular diseases and cancers. Future research is needed to 

understand the effect of smoking on individuals at clinical high risk for psychosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
CONSORT diagram. COPS, criteria of psychosis-risk syndromes
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FIGURE 2. 
Odds ratios for the risk of clinical high risk status as predicted by light and heavy smoking 

status model included tobacco use, marijuana use, alcohol use, age, ethnicity, academic 

performance, academic adjustment, depression, anxiety, social anxiety, daily stressors, life 

events and perceived discrimination as covariates. *95% CI > 1
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FIGURE 3. 
Kaplan-Meier survival curve stratified on smoking status for subjects at clinical high risk for 

conversion to psychosis
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TABLE 3

Smoking association with clinical high-risk status after controlling on individual variables

Control variable Light smoking OR 95% CI Heavy smoking OR 95% CI

Age 3.4 2.1–5.6 5.7 2.0–16.5

Maternal education 3.1 1.9–5.0 4.9 1.7–14.1

Paternal education 3.2 1.9–5.3 4.3 1.5–12.4

Marijuana 2.3 1.4–3.8 3.8 1.3–11.0

Alcohol 4.2 2.5–7.1 8.1 2.7–24.0

Depression* 2.3 1.3–4.1 2.7 0.8–9.2

Anxiety* 1.6 0.8–3.2 1.6 0.4–6.1

Scholastic performance 2.6 1.6–4.4 3.6 1.2–10.7

Adaptation to school* 1.9 1.1–3.3 1.7 0.6–5.4

Perceived discrimination 2.7 1.6–4.5 4.1 1.4–11.7

Daily stressors* 2.2 1.3–3.9 4.9 1.4–16.9

Stressful events 2.6 1.5–4.2 3.8 1.3–10.9

Physical bullying 2.9 1.8–4.8 4.3 1.5–12.3

Emotional neglect* 2.8 1.7–4.7 3.2 1.1–9.4

Psychological abuse 2.9 1.8–4.9 3.5 1.2–10.2

Abbreviations: CI, confidence interval; OR, odds ratio.

*
Covariates that significantly reduced association between smoking and clinical high-risk status (P < 0.05).
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