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Abstract

Objective—Cigarette smoking is highly prevalent among people with bipolar disorder or 

schizophrenia. Few studies have examined whether smoking history is associated with adaptive 

functioning among individuals diagnosed with these serious mental illnesses.

Method—In a large relatively homogenous cohort of patients with either bipolar disorder 

(n=363) or schizophrenia (n=400), we investigated the association between cigarette smoking 

status, intensity, and cumulative exposure and performance on a comprehensive battery of 

neurocognitive, functional capacity, informant-rated functional measures. The associations were 

adjusted for variation in sociodemographic indicators, psychopathologic symptoms, and substance 

use.

Results—There was an average of 12 pack years of smoking across the sample. People with 

schizophrenia reported double the rate of current smoking compared to patients with bipolar 

disorder. Adjusting for demographic covariates, current smokers had worse composite cognitive 

functioning and poorer functional outcome than past or never smokers. There were no significant 

differences between never and past smokers, and these effects were evident in both bipolar 

disorder and schizophrenia.
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Conclusion—Current smokers with either schizophrenia or bipolar disorder evidence worse 

cognitive and adaptive functioning functional outcome, even when demographic covariates are 

considered.

• Patients with schizophrenia had double the rate of smoking compared to patients with 

bipolar disorder

• Current smoking was negatively associated with cognitive functioning, functional 

capacity, and informant reported functional outcomes in both patients with schizophrenia 

and bipolar disorder, after adjusting for sociodemographic covariates

• The study was cross-sectional and so causal associations cannot be inferred

• Tobacco use was assessed with a self-report instrument

• The sample was relatively homogenous and high function and may not generalize to 

ethnically diverse or more symptomatic samples
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INTRODUCTION

Smoking continues to be highly prevalent among patients with serious mental illnesses. 

Approximately 60% of adults with schizophrenia are current cigarette smokers (1) and 45% 

of patients with bipolar disorder are smokers (1); these rates are about 2–3 times the rate of 

smoking in the U.S. adult population (2). There remains considerable controversy about the 

impact of cigarette smoking on cognitive and adaptive functioning in these two most 

disabling serious mental disorders (SMI)(3).

On one hand, higher rates of smoking are attributed to the greatly elevated rates of 

cardiovascular morbidity and mortality among patients with SMI, which occurs 

approximately 10–25 years earlier than that in healthy comparators (4). In population-based 

samples of adults, exposure to smoking during mid-life predicts greater cognitive 

impairment in later life (5, 6) Although there is no clear understanding of how cigarette 

smoking may negatively impact cognition over the lifespan, it has been suggested that 

smoking may hasten progression in white matter deterioration and increase inflammation 

(7). On the other hand, there is some data from translational models, experimental studies, 

and clinical studies indicating that nicotine may be associated with better short-term 

cognitive performance in schizophrenia (8–12)(8) and in a smaller number of studies in 

bipolar disorder (9, 10). Several clinical studies have shown comparatively better 

performance on cognitive tests, particularly attentional tasks, among current smokers 

compared to non-smokers with schizophrenia (11). Predominant theories about the 

mechanism underlying the potential positive influence of nicotine on cognition in 

schizophrenia include enhanced sensory auditory gating and the involvement of nicotinic 

receptors in working memory (12, 13). On balance, other studies have indicated that nicotine 

has no detectable effects (14, 15) or negative effects on cognitive task performance in 

schizophrenia (16) (17).
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A significant and frequent limitation with prior research employing clinical samples to 

assess the association between smoking history and cognitive function in SMI is that most 

samples have been modestly sized, and thus have had limited power to adjust for the impact 

of sociodemographic and clinical covariates or potential lifespan “dose” effects of smoking 

(18). The population distribution of smoking is highly confounded with educational 

attainment, socioeconomic status, and comorbid abuse of alcohol or other illicit substances. 

Therefore, sociodemographically heterogeneous samples that are of modest size are often 

poorly equipped to tease apart the relative impact of smoking on cognitive performance in 

the context of associated covariates. Moreover, given the strong link between cognition and 

functional status in both schizophrenia and bipolar disorder (19, 20), it would stand to 

reason that smoking might also associate with scores on performance-based functional skills 

tasks and ratings of functional outcome. However, no studies to our knowledge have 

examined the association of smoking history with functional capacity or everyday functional 

outcomes in bipolar disorder or schizophrenia.

AIMS OF THE STUDY

To help shed light on the impact of smoking history on cognitive performance and 

functional capacity in schizophrenia and bipolar disorder, we assessed the cross-sectional 

association of various indicators of self-reported smoking history (e.g., current status, 

smoking intensity in pack years) with performance on a neuropsychological and functional 

tests, making statistical adjustments for demographic and clinical covariates. We 

hypothesized, based on clinical and translational literature in SMI samples, that current and 

former smokers would perform better than never smokers on cognitive testing, functional 

capacity, and functional outcome, after adjusting for covariates.

MATERIAL AND METHODS

Sample

All participants were originally enrolled in a parent study focusing on the genetics of 

schizophrenia and bipolar disorder [(the complete methodology of the parent study is 

described elsewhere (16–18)]. Participation was restricted to persons of full or mixed 

Ashkenazi Jewish descent, determined on the basis of ancestry of four grandparents. The 

purpose of this restriction was to leverage potential founder effects in this population for 

genetic studies (21). Participants were recruited via advertisements, websites, and 

publications marketed toward people of Jewish descent. Participants were enrolled in the 

parent study between 1996 and 2006, completing an in-person clinical interview (the 

Diagnostic Interview for Genetics Studies; DIGS) (22), blood drawing, and family history 

interview (Family Interview for Genetic Studies). Participants were interviewed in their 

place of residence by PhD-level clinical psychologists.

Between 2007 and 2012, subjects diagnosed with bipolar I, schizophrenia or schizoaffective 

disorder in the parent study were re-contacted to participate in a follow-on study in which 

participants were administered a battery of neurocognitive and functional capacity/outcome 

measures as well as measures pertaining to smoking history (smoking status was not 

assessed in the earlier assessments). Participants were once again seen in their place of 
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residence for administration of the follow-up study measures. All participants signed written 

informed consent to participate both the parent and follow-on studies, and both studies were 

approved by the Johns Hopkins Medicine Institutional Review Board.

Diagnoses

Participants were diagnosed at the time of their enrollment in the parent study. Diagnoses 

were based on an independent review of all available information (i.e., the in-person clinical 

interview, information reported by informants, treatment records) by two members of a 

diagnostic committee composed of psychiatrists and psychologists. Diagnoses were made 

according to DSM-IV criteria, and required consensus between the two independent 

reviewers. Participants were categorized by diagnosis into bipolar disorder (all were bipolar 

disorder, type 1) and schizophrenia/schizoaffective disorder. Although diagnoses were not 

reconfirmed at the time of the other variables, we note that diagnoses registered by doctoral 

level examiners tend to be stable over time(23).

Independent Variable

Smoking status and history—Smoking histories were self-reported and derived from 

the UPSIT(24), gathered at the same time as neuropsychological and functional test data was 

obtained. We extracted the following variables from the measure for use in analyses: 1) 

Lifetime smoking pattern as current, past, and never smoker; 2) the average number of 

cigarettes smoked per day, 3) the age at onset of smoking, and 4) time in years since the age 

of smoking cessation among ex-smokers. We calculated pack years as the duration of 

smoking in years multiplied by the number of cigarettes smoked per day, divided by twenty. 

A number of studies have found that, in population-based samples, self-reported smoking 

status measures are valid in the extent that they are highly consistent with objective 

biomarkers such as urinary cotinine or CO levels (25, 26)

Dependent Variables

Neurocognitive Ability—We calculated a Neurocognitive Composite Score derived from 

a set of commonly used neuropsychological tests addressing verbal memory (RAVLT 

learning) processing speed (Trail Making Test Part A, WAIS-III Digit Symbol), switching 

(Trail Making Test Part B), working memory (WAIS-III Letter Number Sequencing), verbal 

fluency (Animal Fluency), problem-solving (Wisconsin Card Sorting Test Perseverative 

Errors), and sustained attention (Continuous Performance Test Identical Pairs version, d-

Prime). Raw scores on these 8 measures were normed based on published normative data for 

each of the tests. To obtain the Composite Neurocognitive Score we transformed variables 

to Z-scores and then obtained an average Z-score across all tests, as in multiple previously 

published studies. The internal consistency of the neuropsychological variables used to 

create the composite score was Cronbach’s alpha = 0.81 in bipolar disorder and 0.83 in 

schizophrenia. (See our previous publications on this sample for the normative basis and 

validity of this composite measure: e.g., Bowie et al.(20)).

Functional Capacity—Participants were administered the brief version of the UCSD 

Performance-based Skills Assessment (UPSA-B)(27). The UPSA-B assesses the 

participant’s capacity to perform tasks similar to those encountered in daily life. Two 
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domains are assessed on the UPSA-B: 1) Financial skills, in which participants are required 

to count change, make change from an item purchased at a store, and write a check for a 

utility bill, and 2) Communication skills, in which participants are asked to demonstrate how 

to use a telephone to dial emergency services, call information to ask for a telephone 

number, and call a physician to reschedule a medical appointment. A summary score is then 

calculated by summing the two domain scores (range = 0–100), with higher scores 

indicating better functional capacity.

Informant-Rated Functional Outcome—Participants’ everyday functioning was 

assessed using the Specific Level of Functioning (SLOF) scale. For this scale, an informant 

rates the participant’s ability to perform 43 specific functional tasks encompassing 6 

domains: a) physical functioning, b) personal care skills, c) interpersonal relationships, d) 

social acceptability, e) activities, and f) work skills. Ratings are made on a 5-point Likert 

scale indicating the level of assistance the participant needs to perform the task, with higher 

scores indicating better functioning. Ratings were provided by family members, board-and-

care managers or a caseworker familiar with the patient’s level of functioning. The SLOF 

has excellent reliability and validity(28) and is among the most valid measures of 

functioning in patients with schizophrenia(29–31). The physical functioning, personal care 

skills, and social acceptability scales assess basic (lower order) functioning, whereas the 

daily activities, work skills, and interpersonal relationships subscales assess higher order 

functional activities. Because of ceiling effects on the lower order activity markers, we 

calculated a total functioning score using the sum of the daily activities, work skills, and 

interpersonal relationships scales.

Potential Covariates

Demographics and Health Covariates—Demographic factors that were included as 

potential covariates were age, sex, educational attainment, and marital status. We also 

included Body Mass Index as a potential covariate due to its prior association with cognitive 

functioning in this sample (32) and co-occurrence of obesity with cigarette smoking (33). A 

final covariate was residential status. Participants were interviewed by clinical examiners 

regarding their current living arrangement and were consequently coded by assessors into 

one of four residential statuses: a) head of household, independent (i.e., live alone or with 

others and have primary or co-equal financial and/or logistical responsibility for the 

household), b) head of household, semi-independent (bears only partial and not co-equal 

financial and/or logistical responsibility for the household, c) not head of household, but in 

community (i.e., living in a group home, or as a dependent in the home of their parents or 

children, etc.), and d) residential treatment facility (i.e., have a degree of community 

exposure but require residence in a treatment environment). For the purposes of our primary 

analyses, participants who were heads of household and either independent or semi-

independent were classified as “independent”, and those who were not heads of household 

or were residing in a treatment facility were classified as “not independent.”

Substance abuse—With regard to substance use, participants were asked about current 

use of alcohol and other substances (i.e., cocaine, amphetamine, marijuana, hallucinogens, 

and non-prescribed opiates or sedatives). Alcohol use intensity was assessed by use of the 
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Khavari Alcohol Test, a self-report assessment that estimates the number and volume of 

alcoholic drinks the patient consumed during the past month (34). The Annual Absolute 

Alcohol Index (AAAI was calculated based on the scores to provide a consumption variable. 

We pooled the illicit substances listed above into a single binary indicator reflecting the 

presence of any use in the past month of any of the substances.

Affective and Psychotic Symptoms—Depressive symptoms were assessed with the 

self-report Beck Depression Inventory – II (BDI; (35) and psychotic symptoms with the 

interviewer-rated Positive and Negative Syndrome Scale (PANSS; (36). The BDI is a widely 

used 21-item self-report measure of depressive symptoms, with good internal consistency 

(Schizophrenia: Cronbach’s alpha=0.89; Bipolar disorder: Cronbach’s alpha=0.93). The 

PANSS was rated by doctoral-level clinicians and also evidenced acceptable internal 

consistency for both the Positive (Schizophrenia Cronbach alpha = 0.71, Bipolar disorder 

Cronbach alpha = 0.72) and Negative Syndrome Scale scores (Schizophrenia Cronbach 

alpha = 0.85 and Bipolar Disorder Cronbach alpha = 0.65).

Statistical Analyses

We first contrasted groups by smoking status (never, prior smoker, or current smoker) using 

ANOVA and Chi-square tests, and for subsequent models we included as covariates any 

variables that were significant at the 0.05 alpha level.. We then examined the relationship 

between smoking status and three outcomes: 1) Cognitive Composite, 2) UPSA Score, and 

3) SLOF higher-order functioning score. Three separate models were run with the General 

Linear Model procedure dwith 1) an unadjusted model, 2) a demographically-adjusted 

model, and 3) a demographically and clinical symptom severity adjusted model. Each 

analysis included diagnosis as a main effect and an interaction between diagnosis and 

smoking status. All effects were fixed effects. Pair-wise contrasts (e.g., ex-smokers vs. 

current smokers) were assessed using Tukey adjustment. We calculated effect sizes for these 

contrasts by dividing the mean difference identified in pair-wise comparisons by the pooled 

standard deviation (Cohen’s d). Since pack years was a continuous variable, we conducted 

linear regressions examining the association between pack years of smoking, duration of 

smoking, and cigarettes smoked per day as independent variables (all fixed effects), entering 

any covariates identified as above in the first step. Regressions were conducted separately 

across the three outcomes as above as dependent variables. We adjusted for test-wise 

comparisons by dividing 0.05 by three (representing the separate analyses for Cognitive 

Composite, UPSA, and SLOF scores) for a study-wide alpha of 0.017.

RESULTS

Sample Characteristics

Demographic and clinical characteristics of the 363 patients with bipolar disorder and 400 

patients with schizophrenia by smoking status (Never smoked, ex-smoker, current smoker) 

are displayed in Table 1. In the bipolar group, ex-smokers were significantly older, and 

current smokers completed fewer years of education. In the group with schizophrenia, never 

smokers were younger than ex-smokers, and ex-smokers were more likely to be women and 

reside independently. As with bipolar disorder, current smokers completed fewer years of 
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education. In both bipolar disorder and schizophrenia, never smokers had less severe 

PANSS positive syndrome scale scores. Ex-smokers with bipolar disorder had lower 

PANSS negative syndrome scale scores. It is worth noting that the average symptom 

severity of BDI and PANSS scores were in the mild range in both of the diagnostic groups. 

Current and ex-smokers were more likely to endorse higher intensity alcohol use and also 

past month illicit drug use. Smoking history was not associated with BMI.

Smoking Variables and Associations

The rate of current smoking in schizophrenia (25.9%) was double that of the group with 

bipolar disorder (12.1%) while the rate of ex-smokers in the two diagnostic groups was 

comparable (27.4% in bipolar disorder vs. 24% in schizophrenia). Compared to prior 

studies, the rate of current smoking in this sample was considerably lower. As seen in Table 

1, among smokers, the mean number of pack years of smoking in the schizophrenic subjects 

was twice that of the subjects diagnosed with bipolar disorder. Similarly, the number of 

cigarettes smoked per day was significantly higher in the schizophrenia group.

Association between Smoking History and Cognitive Functioning

In an unadjusted model, smoking history was significantly associated with cognitive 

functioning (F (2, 757)=6.8, p<0.001), with no interaction effect evident with diagnosis. 

Post-hoc tests indicated that current smokers evidenced worse cognitive functioning than ex- 

or never smokers, with no significant difference in functioning between ex- and never 

smokers. The effect size (Cohen’s D) for the difference between ex- and never smokers was 

d=0.09, where as the effect size for the difference between current smokers and ex- and 

never smokers was d=0.41. The effect of smoking history remained significant after 

adjusting for significant demographic covariates (i.e., age, sex, education, residential 

independence, F (2, 740)=4.1, p=0.011), again with no significant smoking by diagnosis 

interaction effect. After additionally adjusting for symptoms (PANSS Positive and Negative 

Syndrome Scales) and past month use of illicit substances and alcohol use intensity, the 

effect of smoking history on cognitive functioning was no longer significant at the alpha 

level of 0.017 (F, 2,734)=3.1, p=0.045). Post-hoc tests indicated only one significant 

pairwise difference with current smokers showing poorer performance than never smokers. 

Exploratory analyses of the individual cognitive tests and smoking status revealed that only 

test, the WAIS Digit Symbol, demonstrated a statistically significant association.

Among smokers, pack years were negatively associated with cognitive functioning in the 

hierarchical regression analysis, adjusting for demographic variables, substance abuse/

alcohol use and symptoms (r2 change = 0.027, F change 1, 301 = 14.1, p<0.001). Similarly, 

the number of cigarettes smoked per day was negatively associated with cognitive 

functioning (r2 change = 0.030, F change 1, 317, p<0.001). Investigation of exponential 

associations (i.e., quadratic, cubic) did not provide better fits than did linear modeling. Each 

of these relationships persisted when adding demographic and symptom covariates and did 

not significantly differ by diagnosis. Among ex-smokers, years since stopped smoking was 

not associated with the Cognitive Composite score.
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Association between Smoking History and Adaptive Functioning

As with cognitive performance, SLOF Adaptive functioning was significantly associated 

with smoking history (F(2,754)=5.3, p=0.005), with post-hoc tests indicating poorer 

functioning among current smokers, persisting after adjustment for demographic variables 

(F (2, 690)=3.6, p=0.025). There were no significant diagnosis-by-smoking history 

interaction effects on functional capacity. Current smokers performed more poorly than did 

ex-smokers or never smokers on post-hoc tests. Additional adjustment for symptoms and 

substance use led to the effect of smoking history no longer being significant (F (2, 

674)=2.2, p=0.103). Although the UPSA-B was significantly associated with smoking 

history in an unadjusted model (F (2, 759)=3.5, p=0.030, this association was no longer 

significant when adjusted for demographic or symptom variables. Pack years were 

negatively associated with SLOF scores after adjusting for demographic and clinical 

variables (r2 change =0.025,, F 1, 277=13.1, p<0.001). However, this effect was not 

significant for UPSA scores. Neither SLOF nor UPSA scores were associated with time 

since stopped smoking among ex-smokers.

DISCUSSION

This study investigated the association between smoking history and intensity with cognitive 

and adaptive functioning in a comparatively large and homogenous sample of patients with 

bipolar disorder or schizophrenia. Several findings contribute to the understanding of 

smoking and its relationship with cognitive and adaptive functioning. Consistent with the 

findings of prior epidemiological studies (2), patients with schizophrenia in the current study 

had substantially greater lifetime exposure to smoking, in terms of the rate of current 

smoking, number of cigarettes smoked per day, and pack years accumulated across the 

lifespan than patients with bipolar disorder. Contrary our hypotheses based on some past 

studies in SMI, current smokers performed worse than past or never smokers; the effect size 

contrasting current and never smokers was clinically significant (Cohen’s d=0.41). These 

effects persisted after adjusting for demographic variables that were associated with 

smoking histories, although were not significant once adjusted for symptom or substance use 

comorbidity. Current smokers with bipolar disorder and schizophrenia were similar in the 

severity of their cognitive impairments, which was in notable contrast to never and prior 

smokers. Thus, our results are consistent with prior research indicating a negative 

association between smoking and cognition in serious mental illnesses (16) (17).

Even in this relatively highly educated sample that was experiencing a low level of 

symptoms on average, history of smoking was associated with variation in current 

symptoms and substance abuse. In particular, patients who reported currently smoking were 

more likely to exhibit positive symptoms in both diagnoses, and also report higher frequency 

of use of alcohol and illicit substance usage. Indeed, the impact of current smoking on 

cognitive and functional outcomes was mitigated by symptom and substance use 

comorbidity. These illness associations highlight the need for studies to examine the 

influence of demographic and symptom covariates when investigating the association of 

smoking and cognitive function. The mechanism explaining the negative association 

between current smoking and cognitive/adaptive functioning is unclear. One possibility is 
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that an underlying predisposition to nicotine addiction may at least partially overlap with 

neurobiological mechanisms of cognitive and adaptive impairments in SMI (e.g., 

alternations in dopaminergic systems). Another non-mutually exclusive explanation is that 

current smoking is a marker for “insulation” from the societal trend of declining rates of 

smoking – those patients who continue to smoke may be less susceptible to societal 

influences that promote abstinence from smoking, perhaps as a result of functional and 

cognitive impairments.

Interestingly, although current smokers were more cognitively and functionally impaired 

than past or never smokers, the distinctions between past and never smokers were somewhat 

less clear. On one hand, investigation of possible linear and non-linear dose effects of 

smoking intensity (i.e., pack years, cigarettes per day) indicated a negative association with 

greater cognitive impairment associated with greater pack years and smoking intensity as 

indicated by cigarettes per day. On the other hand, no pairwise significant differences 

between ex-smokers and never smokers emerged. One would expect ex-smokers (who 

reported an average of 18 to 25 pack years of smoking) to exhibit worse cognitive 

performance than never smokers. It may be that deleterious effects of smoking on cognition 

may reverse after stopping smoking, although lifetime exposure models combining ex- and 

current smokers seemed to indicate a linear and negative association between worse 

cognition and smoking intensity, even after adjusting for age.

Although the sample was comparatively large compared to prior samples, these findings 

must be taken in light of the limitations of this study. Chiefly, the rate of smoking was 

substantially lower in this sample when compared to prior reported data(1). This suggests 

that aspects of the sampling frame are associated with the rate of smoking, in particular that 

this sample was comprised of a single ethnic group with a low rate of substance abuse 

comorbidities and mild severity of symptoms. We speculate that greater symptom severity 

may override the impact of smoking in more severely ill samples, although it is possible that 

more severely ill samples would have a greater lifetime exposure to smoking and therefore 

may experience greater impact on cognition and function. Relatedly, we lacked a normal 

comparison sample, and so we are not able to determine if the sample population’s specific 

association between smoking and cognitive performance. Thus, the results, in particular the 

frequency of smoking, may fail to generalize to the broader population of patients with 

serious mental illnesses. Another limitation is that these data were cross-sectional, 

disallowing the any interpretation of causal influences among smoking, cognition, and 

adaptive function. We used diagnoses from the baseline (parent study) and so cannot rule 

change in diagnoses at the time of cognitive and functional testing. Smoking data was 

obtained via a validated questionnaire without objective measures of biomarkers of nicotine, 

which may have provided for a clearer picture of the association between nicotine and 

cognitive and adaptive functioning in this population. Time of the most recent nicotine use 

was not measured at the time of cognitive testing, and so it is unclear whether withdrawal 

symptoms impacted cognitive performance. Our cognitive test battery was ill equipped to 

examine sub-domains of cognition, which should be a focus for future study. These large 

samples were associated with statistical significance for relatively small-medium effect sizes 

associated with smoking. Finally, we lacked a standardized measure of manic symptoms, 

and so we cannot address the impact of manic symptoms on smoking behavior and history.
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Despite these limitations, our findings have several implications with respect to the 

relevance of smoking behavior to cognitive and adaptive functioning in serious mental 

illness. Smoking history was associated with cognitive performance even after considering 

demographic covariates. In particular, current smokers fared worse on standardized 

cognitive measures as well as functional outcome; performance-based functional capacity 

was likewise worse among smokers although this did not persist after demographic 

adjustment. It is unclear if stopping smoking would mitigate these impairments evidenced 

by current smokers, but some optimism comes from the finding that ex-smokers were not 

differentiable from never smokers in terms of cognitive or adaptive function. Our results 

suggest that current cigarette smoking may be associated with worse cognitive and adaptive 

functioning and should be treated as risk factor for poor cognitive health and functional 

impairment in SMI, in addition to many other health problems. Finally, it is worth noting 

that smoking cessation programs drawn from the general population appear equally effective 

among people with SMI(1, 37).
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Figure 1. Estimated Marginal Means for the Cognitive Composite by Smoking Status Stratified 
by Diagnosis
Adjusted for age, sex, independent living status, education, PANSS Positive Syndrome 

Scale, PANSS Negative Syndrome Scale, BDI Total Score, Khavari Alcohol Index, and Past 

month illicit substance use; (F, 2,730)=3.1, p=0.045, post-hoc (Tukey) Current smokers < 

Never Smokers
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