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       Introduction 
 The prevalence of smoking among people with schizophrenia in 
the United States is about 60%, which is  3  times that of the general 
population ( de Leon & Diaz, 2005 ;  McClave et al., 2010 ). 
Schizophrenia is associated with a 20% reduction in lifespan, 
due primarily to cardiovascular and other smoking-related 
illnesses ( Brown, Kim, Mitchell, & Inskip, 2010 ;  Hennekens, 
Hennekens, Hollar, & Casey, 2005 ;  Parks, Svendsen, Singer, 
Foti, & Mauer, 2006 ;  Saha, Chant, & McGrath, 2007 ). Although 
almost 40% of smokers with schizophrenia (SS) in the 2007 
National Health Interview Survey reported having tried to quit 
smoking in the past year ( McClave et al., 2010 ), SS have high 
relapse rates even when they have access to combined pharmaco-
logical and psychosocial smoking treatments (e.g.,  Evins et al., 
2007 ;  George et al., 2002 ). Thus, there is a need for innovative 
and effective approaches to improving smoking cessation rates 
among these smokers. 

 A recent human laboratory study found that acute use of 
42 mg transdermal nicotine replacement reduced nicotine 
withdrawal symptoms but not usual-brand smoking in SS 
( Tidey, Rohsenow, Swift, Kaplan, & Adolfo, 2008 ), suggesting 
that complementary strategies may be needed to reduce smoking 
in this population. Very low nicotine content (VLNC) cigarettes 
(i.e., cigarettes with less than   0.2 mg Federal Trade Commission 
nicotine yield) provide sensorimotor replacement for usual-
brand smoking by imitating the taste, aroma ,  and respiratory 
effects of normal   nicotine content cigarettes. Among smokers 
without psychiatric illness, VLNC cigarettes consistently reduce 
cigarette craving, negative affect ,  and usual-brand smoking in 
laboratory and treatment studies (e.g.,  Buchhalter, Acosta, Evans, 
Breland, & Eissenberg, 2005 ;  Butschky, Bailey, Henningfi eld, & 
Pickworth, 1995 ;  Dallery, Houtsmuller, Pickworth, & Stitzer, 
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2003 ;  Gross, Lee, & Stitzer, 1997 ;  Johnson, Bickel, & Kirshenbaum, 
2004 ;  Pickworth, Fant, Nelson, Rohrer, & Henningfi eld, 1999 ; 
 Rose, Behm, Westman, & Johnson, 2000 ;  Rose, Behm, Westman, 
Bates, & Salley, 2003 ;  Westman, Behm, & Rose, 1996 ). As senso-
rimotor stimuli that are repeatedly associated with nicotine 
delivery acquire, through classical conditioning processes, condi-
tioned reinforcing effects that help to maintain   smoking ( Palmatier 
et al., 2007  ;   Rose & Levin, 1991 ), protracted use of VLNC cigarettes 
in combination with nicotine replacement may improve smoking 
cessation rates by uncoupling the pharmacological effects of nico-
tine from these sensorimotor stimuli, thus facilitating the extinc-
tion of these conditioned reinforcing effects (e.g.,  Becker, Rose, & 
Albino, 2008 ;  Donny & Jones, 2009 ). Two studies have compared 
the effects of VLNC versus high nicotine cigarettes on psychiatric 
symptoms and cognitive performance in SS ( Smith, Infante, Ali, & 
Nigam, 2001 ;  Smith, Singh, Infante, Khandat, & Kloos, 2002 ). 
However, neither study investigated the effects of VLNC cigarettes 
on cigarette craving, nicotine withdrawal ,  or smoking behavior. To 
our knowledge, the current study is unique in its focus on the 
effects of VLNC cigarettes on smoking measures in SS. 

 The current study investigated the separate and combined 
effects of acute nicotine replacement and sensorimotor smoking 
replacement, in the form of VLNC cigarettes, on cigarette craving, 
withdrawal symptoms ,  and usual-brand smoking in SS and 
 control smokers ( CS ) . We hypothesized that smoking VLNC 
cigarettes would reduce cigarette craving, nicotine withdrawal 
symptoms, smoking habit withdrawal symptoms ,  and usual-
brand cigarette smoking in both SS and CS, and that nicotine 
replacement would enhance these effects.   

 Methods  
 Participants 
 Participants were required to either have a diagnosis of schizo-
phrenia or schizoaffective disorder (SS) or no Axis I disorder 
(CS), based on the Structured Clinical Interview for  DSM-IV  
 (  First, Spitzer, Gibbon, & Williams, 1994 ), to be at least 
18 - years old, to have smoked 20  –  50 cigarettes / day for at least 
the past year, to have a score of at least 6 on the Fagerström 
Test for Nicotine Dependence (FTND), indicating a high level 
of dependence ( Heatherton, Kozlowski, Frecker, & Fagerstrom, 
1991 ), and to indicate an interest in quitting smoking someday. 
Exclusionary criteria included medical conditions contraindi-
cating transdermal nicotine use, severe levels of disorienta-
tion or uncooperativeness, positive urine drug or pregnancy 
tests at baseline ,  or positive breath alcohol level at any session. 
Procedures were approved by the Institutional Review Board 
of Brown University. Thirty-seven SS and 38 CS enrolled ,  and 
30 SS and 26 CS completed the study.   

 Design  O verview 
 A within-subjects design was used to investigate the separate 
and combined effects of sensorimotor replacement for smoking 
(VLNC cigarettes vs. no cigarettes) and transdermal nicotine 
replacement (42 mg nicotine [NIC] vs. placebo [PLA] patches) 
in SS and CS. In Session 1, participants completed individual 
difference measures and practiced smoking through the topog-
raphy measurement device. In Session 2, participants smoked 
their usual cigarettes  ad libitum  for 5 h r  through the topography 
device so that the rate and timing of their smoking behavior 

could be determined. In Sessions 3  –  7, participants underwent 
the following conditions during 5-h r  controlled administration 
periods, with order counterbalanced across participants: VLNC 
+ NIC, VLNC + PLA, no cigarettes + NIC, no cigarettes + PLA, 
 u sual  b rand cigarettes + no patches. After the 5-h r  controlled 
administration periods, participants completed the subjective 
measures described below, followed by a 90-min period of 
 ad libitum  usual-brand smoking. Participants were compensated 
$500 for completing the study.   

 Procedure 
 All sessions began at approximately 9 a . m. Upon arrival for each 
session, participants provided breath samples for the assessment of 
 expired-air  carbon monoxide (CO) levels (Smokerlyzer, Bedfont 
Scientifi c Ltd., Kent, U . K . ). In Session 1, participants completed 
the individual difference measures described below and then were 
asked to smoke  1  cigarette of their usual brand using the smoking 
topography measurement device (laboratory-based Clinical Re-
search Support System [CReSS], Borgwaldt KC, Richmond, VA) 
in order to habituate to smoking through the CReSS mouthpiece. 
The CReSS, which was calibrated before each session, provides the 
following smoking variables: puffs per cigarette, puff volume, puff 
duration, maximum fl ow (peak puff intensity), and inter-puff-
interval. In Session 2, participants smoked their  usual- brand 
cigarettes using the CReSS equipment for 5 h r  so that characteris-
tics of their typical smoking behavior could be measured. 

 In Sessions 3  –  7, participants underwent the following 
conditions during 5-h r  controlled administration periods, with 
order counterbalanced across participants: VLNC + NIC, 
VLNC + PLA, no cigarettes + NIC, no cigarettes + PLA,  u sual 
 b rand cigarettes + no patches. PLA or NIC patches (GlaxoS-
mithKline, Parsippany, NJ) were applied to participants ’  upper 
arms (one per arm, for a total of 0 or 42 mg NIC) under double-
blind conditions. The VLNC cigarettes used in this study (Quest 
3; Vector Tobacco, Timberlake, NC) contained less than 0.05 mg 
nicotine and 10 mg tar.  Usual- brand cigarettes were provided 
by the experimenters. During the 5-h r  controlled administration 
periods, all cigarettes were smoked through the CReSS, and 
participants were cued to smoke according to the rate and timing 
of their smoking during Session 2. Participants were also able 
to read magazines and watch videos and were provided with a 
light lunch. Participants were under continuous observation 
throughout the sessions. 

 After the 5-h r  controlled administration periods, cigarette 
craving levels, nicotine withdrawal symptoms, smoking habit 
withdrawal symptoms, cigarette acceptability ,  and psychiatric 
symptoms (in SS) were assessed using the measures described 
below. Assessments of cognitive performance and cigarette 
demand were also administered but are not described here. Next, 
breath CO level was measured and participants were instructed 
that they could smoke as little or as much as they wanted of their 
usual-brand cigarettes through the CReSS for the next 90 min. 
At the end of the smoking period, breath CO level was measured 
and patches were removed.   

 Measures  
 Baseline  C haracteristics 
 Individual difference measures collected in Session 1 included 
demographic characteristics, smoking history, and the 
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Contemplation Ladder ( Biener & Abrams, 1991 ), a 10-point 
scale that measures motivation to quit smoking. In SS, current 
psychiatric symptom levels were measured using the Positive 
and Negative Syndrome Scale  (  Kay, Fiszbein, & Opler, 1987 ). 
All participants provided a saliva sample for cotinine analysis 
(Salimetrics LLC, State College, PA).   

 Sessions 3  –  7:  B ehavioral  M easures 
 The primary measure of smoking during the 90-min  ad libitum  
usual-brand smoking periods was CO boost (CO level at the 
end of the 90-min  ad libitum  period minus CO level before 
the 90-min  ad libitum  period) as this was the most sensitive 
measure of smoking behavior in a previous study ( Tidey et al., 
2008 ). The secondary measure of smoking behavior was total 
volume of puffs smoked during the 90-min  ad libitum  period as 
prior studies indicated the sensitivity of this measure to VLNC 
cigarettes and nicotine replacement in nonpsychiatric smokers 
( Rose et al., 2003 ;  Strasser, Lerman, Sanborn, Pickworth, & 
Feldman, 2007 ).   

 Sessions 3  –  7:  S ubjective  M easures 
 Self-report measures of urge to smoke, nicotine withdrawal 
symptoms, smoking habit withdrawal symptoms and subjective 
effects of cigarettes were administered electronically. Urge to 
smoke was assessed using the Questionnaire on Smoking Urges-
brief form (QSU-brief;  Cox, Tiffany, & Christen, 2001 ) and the 
item  “ How much is your urge to smoke   right now? ” , which  was 
 rated on a 100 mm visual analogue scale with the anchors 0 =  no 
urge at all  and 100 =  strongest urge you ’ ve ever had . Nicotine 
withdrawal symptoms were measured using the 8-item Minne-
sota Nicotine Withdrawal Scale (MNWS), with the insomnia 
item omitted as participants did not undergo overnight absti-
nence, and the craving item omitted to allow independent as-
sessment of withdrawal versus craving ( Hughes & Hatsukami, 
1986 ,  1998 ). Each symptom was rated from 0 ( not present ) to 4 
( severe ) ,  and a total symptom score was calculated by averaging 
scores of each item. Smoking habit withdrawal was measured 
using two items:  “ missed something to do with hands ”  and 
 “ missed having something in the mouth ,  ”  rated from 1 ( not at all ) 
to 7 ( extremely  ;   Rose, Behm, Westman, & Johnson, 2000 ). Sub-
jective effects of cigarettes were measured using the Cigarette 
Effects Scale (CES;  Rose et al., 2000 ), which consists of 11 items, 
rated from 0 ( not at all ) to 7 ( extremely ), forming the subscales 
Satisfaction, Psychological Reward, Nausea/Dizziness, Craving 
Relief ,  and Enjoyment of Airway Sensations. Finally, a trained 
rater assessed psychiatric symptoms in SS using the Brief Psy-
chiatric Rating Scale (BPRS;  Overall & Gorham, 1962 ), an 18-
item measure of positive and negative schizophrenia symptoms.    

 Data  A nalysis 
 Group comparisons on demographic and smoking history 
measures were conducted using independent-samples  t    tests for 
continuous variables and chi-square tests for categorical variables. 
CO boosts and total volume of puffs smoked during the 5-hr 
controlled administration periods were compared using 2  ×  3 
 analyses of variance tests ( ANOVAs )  with the factors Diagnosis (SS, 
CS) and Cigarette Condition (VLNC + NIC, VLNC + PLA,  u sual 
 b rand). Comparisons of the effects of nicotine and sensorimo-
tor replacement on QSU-brief, MNWS, Habit Withdrawal ,  and 
usual-brand smoking in SS and CS were conducted using mixed-
factor 2  ×  2  ×  2 ANOVAs with the between-groups factor 
Diagnosis (SS, CS) ,  and the within-subjects factors Nicotine 

Replacement (NIC, PLA) and Sensorimotor Replacement 
(VLNC  c igarettes, No  c igarettes). In addition, 2  ×  2 ANOVAs were 
conducted to compare the NIC + VLNC and  u sual  b rand 
conditions in SS and CS. Comparisons of the subjective effects 
of VLNC, with and without nicotine replacement, and usual-brand 
cigarettes were conducted using 2 x 3 ANOVAs with the factors 
Diagnosis (SS, CS) and Cigarette Condition (VLNC + NIC, VLNC + 
PLA,  u sual  b rand). Effects of nicotine and sensorimotor 
replacement on BPRS scores in SS were analyzed using 2  ×  2 
ANOVAs, and  t    tests were conducted to compare BPRS scores 
from the VLNC + NIC and  u sual  b rand conditions. Analyses 
were conducted using PASW Statistics 17.0 for Windows 
(SPSS, Inc.). Differences were considered significant when 
 p   ≤  .05. Effect sizes (Cohen ’ s  d ) are also provided   when  p  = .05  –  .10 
( Cohen, 1988 ). Significant interactions were followed by 
simple effects tests. Due to technical errors or malfunctioning 
equipment, breath CO data were incomplete from  two  CS, 
subjective measures were incomplete from  four  SS  and   two 
 CS, and puff volume data were incomplete from  four  SS  and  
 eight  CS.    

 Results  
 Sample Characteristics 
 The groups did not differ signifi cantly on any demographic or 
smoking history measure ( Table 1 ). Overall, participants were 
45.2  ±  9.5 ( M   ±   SD ) years old, 43% female, 70% White, 19% 
African American ,  and had completed 12.1  ±  2.0 years of education. 
At enrollment, participants smoked 25.1  ±  8.4 cigarettes / day, 

  Table 1.      Baseline Characteristics of Study 
Participants  

  SS ( n  = 30) CS ( n  = 26)  

  Age,  M  ( SD ) 46.2 (8.0) 44.5 (10.9) 
 Male (%) 60 58 
 Race (%)  
     White 77 65 
     African American 13 23 
     Hispanic ethnicity 4 0 
 Employed full- or part-time (%) 7 23 
 Years of education 11.9 (2.2) 12.2 (1.9) 
 Cigarettes per day 25.9 (9.9) 23.5 (6.5) 
 Nicotine dependence 
   (FTND score)

6.9 (1.5) 6.7 (1.8) 

 Contemplation Ladder Score 5.1 (2.0) 4.7 (1.8) 
 Years of daily smoking 27.4 (8.3) 28.4 (11.9) 
 Salivary cotinine level (ng/ml) 454 (267) 434 (240) 
 Baseline CO level (ppm) 30.6 (20.6) 27.3 (15.2) 
 PANSS positive scale score 11.6 (4.1)  
 PANSS negative scale score 14.6 (6.4)  
 PANSS general scale score 25.9 (5.9)  
 PANSS total score 52.1 (14.6)  
 Antipsychotic drug class 67% Atyp, 17% Typ, 

   10% both types
  

    Note.  SS = smokers with schizophrenia; CS = control smokers; FTND = 
Fagerström Test for Nicotine Dependence; CO = expired-air carbon 
monoxide; PANSS = Positive and Negative Syndrome Scale; Atyp = 
atypical; Typ = typical.   
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2003 ;  Gross, Lee, & Stitzer, 1997 ;  Johnson, Bickel, & Kirshenbaum, 
2004 ;  Pickworth, Fant, Nelson, Rohrer, & Henningfi eld, 1999 ; 
 Rose, Behm, Westman, & Johnson, 2000 ;  Rose, Behm, Westman, 
Bates, & Salley, 2003 ;  Westman, Behm, & Rose, 1996 ). As senso-
rimotor stimuli that are repeatedly associated with nicotine 
delivery acquire, through classical conditioning processes, condi-
tioned reinforcing effects that help to maintain   smoking ( Palmatier 
et al., 2007  ;   Rose & Levin, 1991 ), protracted use of VLNC cigarettes 
in combination with nicotine replacement may improve smoking 
cessation rates by uncoupling the pharmacological effects of nico-
tine from these sensorimotor stimuli, thus facilitating the extinc-
tion of these conditioned reinforcing effects (e.g.,  Becker, Rose, & 
Albino, 2008 ;  Donny & Jones, 2009 ). Two studies have compared 
the effects of VLNC versus high nicotine cigarettes on psychiatric 
symptoms and cognitive performance in SS ( Smith, Infante, Ali, & 
Nigam, 2001 ;  Smith, Singh, Infante, Khandat, & Kloos, 2002 ). 
However, neither study investigated the effects of VLNC cigarettes 
on cigarette craving, nicotine withdrawal ,  or smoking behavior. To 
our knowledge, the current study is unique in its focus on the 
effects of VLNC cigarettes on smoking measures in SS. 

 The current study investigated the separate and combined 
effects of acute nicotine replacement and sensorimotor smoking 
replacement, in the form of VLNC cigarettes, on cigarette craving, 
withdrawal symptoms ,  and usual-brand smoking in SS and 
 control smokers ( CS ) . We hypothesized that smoking VLNC 
cigarettes would reduce cigarette craving, nicotine withdrawal 
symptoms, smoking habit withdrawal symptoms ,  and usual-
brand cigarette smoking in both SS and CS, and that nicotine 
replacement would enhance these effects.   

 Methods  
 Participants 
 Participants were required to either have a diagnosis of schizo-
phrenia or schizoaffective disorder (SS) or no Axis I disorder 
(CS), based on the Structured Clinical Interview for  DSM-IV  
 (  First, Spitzer, Gibbon, & Williams, 1994 ), to be at least 
18 - years old, to have smoked 20  –  50 cigarettes / day for at least 
the past year, to have a score of at least 6 on the Fagerström 
Test for Nicotine Dependence (FTND), indicating a high level 
of dependence ( Heatherton, Kozlowski, Frecker, & Fagerstrom, 
1991 ), and to indicate an interest in quitting smoking someday. 
Exclusionary criteria included medical conditions contraindi-
cating transdermal nicotine use, severe levels of disorienta-
tion or uncooperativeness, positive urine drug or pregnancy 
tests at baseline ,  or positive breath alcohol level at any session. 
Procedures were approved by the Institutional Review Board 
of Brown University. Thirty-seven SS and 38 CS enrolled ,  and 
30 SS and 26 CS completed the study.   

 Design  O verview 
 A within-subjects design was used to investigate the separate 
and combined effects of sensorimotor replacement for smoking 
(VLNC cigarettes vs. no cigarettes) and transdermal nicotine 
replacement (42 mg nicotine [NIC] vs. placebo [PLA] patches) 
in SS and CS. In Session 1, participants completed individual 
difference measures and practiced smoking through the topog-
raphy measurement device. In Session 2, participants smoked 
their usual cigarettes  ad libitum  for 5 h r  through the topography 
device so that the rate and timing of their smoking behavior 

could be determined. In Sessions 3  –  7, participants underwent 
the following conditions during 5-h r  controlled administration 
periods, with order counterbalanced across participants: VLNC 
+ NIC, VLNC + PLA, no cigarettes + NIC, no cigarettes + PLA, 
 u sual  b rand cigarettes + no patches. After the 5-h r  controlled 
administration periods, participants completed the subjective 
measures described below, followed by a 90-min period of 
 ad libitum  usual-brand smoking. Participants were compensated 
$500 for completing the study.   

 Procedure 
 All sessions began at approximately 9 a . m. Upon arrival for each 
session, participants provided breath samples for the assessment of 
 expired-air  carbon monoxide (CO) levels (Smokerlyzer, Bedfont 
Scientifi c Ltd., Kent, U . K . ). In Session 1, participants completed 
the individual difference measures described below and then were 
asked to smoke  1  cigarette of their usual brand using the smoking 
topography measurement device (laboratory-based Clinical Re-
search Support System [CReSS], Borgwaldt KC, Richmond, VA) 
in order to habituate to smoking through the CReSS mouthpiece. 
The CReSS, which was calibrated before each session, provides the 
following smoking variables: puffs per cigarette, puff volume, puff 
duration, maximum fl ow (peak puff intensity), and inter-puff-
interval. In Session 2, participants smoked their  usual- brand 
cigarettes using the CReSS equipment for 5 h r  so that characteris-
tics of their typical smoking behavior could be measured. 

 In Sessions 3  –  7, participants underwent the following 
conditions during 5-h r  controlled administration periods, with 
order counterbalanced across participants: VLNC + NIC, 
VLNC + PLA, no cigarettes + NIC, no cigarettes + PLA,  u sual 
 b rand cigarettes + no patches. PLA or NIC patches (GlaxoS-
mithKline, Parsippany, NJ) were applied to participants ’  upper 
arms (one per arm, for a total of 0 or 42 mg NIC) under double-
blind conditions. The VLNC cigarettes used in this study (Quest 
3; Vector Tobacco, Timberlake, NC) contained less than 0.05 mg 
nicotine and 10 mg tar.  Usual- brand cigarettes were provided 
by the experimenters. During the 5-h r  controlled administration 
periods, all cigarettes were smoked through the CReSS, and 
participants were cued to smoke according to the rate and timing 
of their smoking during Session 2. Participants were also able 
to read magazines and watch videos and were provided with a 
light lunch. Participants were under continuous observation 
throughout the sessions. 

 After the 5-h r  controlled administration periods, cigarette 
craving levels, nicotine withdrawal symptoms, smoking habit 
withdrawal symptoms, cigarette acceptability ,  and psychiatric 
symptoms (in SS) were assessed using the measures described 
below. Assessments of cognitive performance and cigarette 
demand were also administered but are not described here. Next, 
breath CO level was measured and participants were instructed 
that they could smoke as little or as much as they wanted of their 
usual-brand cigarettes through the CReSS for the next 90 min. 
At the end of the smoking period, breath CO level was measured 
and patches were removed.   

 Measures  
 Baseline  C haracteristics 
 Individual difference measures collected in Session 1 included 
demographic characteristics, smoking history, and the 
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Contemplation Ladder ( Biener & Abrams, 1991 ), a 10-point 
scale that measures motivation to quit smoking. In SS, current 
psychiatric symptom levels were measured using the Positive 
and Negative Syndrome Scale  (  Kay, Fiszbein, & Opler, 1987 ). 
All participants provided a saliva sample for cotinine analysis 
(Salimetrics LLC, State College, PA).   

 Sessions 3  –  7:  B ehavioral  M easures 
 The primary measure of smoking during the 90-min  ad libitum  
usual-brand smoking periods was CO boost (CO level at the 
end of the 90-min  ad libitum  period minus CO level before 
the 90-min  ad libitum  period) as this was the most sensitive 
measure of smoking behavior in a previous study ( Tidey et al., 
2008 ). The secondary measure of smoking behavior was total 
volume of puffs smoked during the 90-min  ad libitum  period as 
prior studies indicated the sensitivity of this measure to VLNC 
cigarettes and nicotine replacement in nonpsychiatric smokers 
( Rose et al., 2003 ;  Strasser, Lerman, Sanborn, Pickworth, & 
Feldman, 2007 ).   

 Sessions 3  –  7:  S ubjective  M easures 
 Self-report measures of urge to smoke, nicotine withdrawal 
symptoms, smoking habit withdrawal symptoms and subjective 
effects of cigarettes were administered electronically. Urge to 
smoke was assessed using the Questionnaire on Smoking Urges-
brief form (QSU-brief;  Cox, Tiffany, & Christen, 2001 ) and the 
item  “ How much is your urge to smoke   right now? ” , which  was 
 rated on a 100 mm visual analogue scale with the anchors 0 =  no 
urge at all  and 100 =  strongest urge you ’ ve ever had . Nicotine 
withdrawal symptoms were measured using the 8-item Minne-
sota Nicotine Withdrawal Scale (MNWS), with the insomnia 
item omitted as participants did not undergo overnight absti-
nence, and the craving item omitted to allow independent as-
sessment of withdrawal versus craving ( Hughes & Hatsukami, 
1986 ,  1998 ). Each symptom was rated from 0 ( not present ) to 4 
( severe ) ,  and a total symptom score was calculated by averaging 
scores of each item. Smoking habit withdrawal was measured 
using two items:  “ missed something to do with hands ”  and 
 “ missed having something in the mouth ,  ”  rated from 1 ( not at all ) 
to 7 ( extremely  ;   Rose, Behm, Westman, & Johnson, 2000 ). Sub-
jective effects of cigarettes were measured using the Cigarette 
Effects Scale (CES;  Rose et al., 2000 ), which consists of 11 items, 
rated from 0 ( not at all ) to 7 ( extremely ), forming the subscales 
Satisfaction, Psychological Reward, Nausea/Dizziness, Craving 
Relief ,  and Enjoyment of Airway Sensations. Finally, a trained 
rater assessed psychiatric symptoms in SS using the Brief Psy-
chiatric Rating Scale (BPRS;  Overall & Gorham, 1962 ), an 18-
item measure of positive and negative schizophrenia symptoms.    

 Data  A nalysis 
 Group comparisons on demographic and smoking history 
measures were conducted using independent-samples  t    tests for 
continuous variables and chi-square tests for categorical variables. 
CO boosts and total volume of puffs smoked during the 5-hr 
controlled administration periods were compared using 2  ×  3 
 analyses of variance tests ( ANOVAs )  with the factors Diagnosis (SS, 
CS) and Cigarette Condition (VLNC + NIC, VLNC + PLA,  u sual 
 b rand). Comparisons of the effects of nicotine and sensorimo-
tor replacement on QSU-brief, MNWS, Habit Withdrawal ,  and 
usual-brand smoking in SS and CS were conducted using mixed-
factor 2  ×  2  ×  2 ANOVAs with the between-groups factor 
Diagnosis (SS, CS) ,  and the within-subjects factors Nicotine 

Replacement (NIC, PLA) and Sensorimotor Replacement 
(VLNC  c igarettes, No  c igarettes). In addition, 2  ×  2 ANOVAs were 
conducted to compare the NIC + VLNC and  u sual  b rand 
conditions in SS and CS. Comparisons of the subjective effects 
of VLNC, with and without nicotine replacement, and usual-brand 
cigarettes were conducted using 2 x 3 ANOVAs with the factors 
Diagnosis (SS, CS) and Cigarette Condition (VLNC + NIC, VLNC + 
PLA,  u sual  b rand). Effects of nicotine and sensorimotor 
replacement on BPRS scores in SS were analyzed using 2  ×  2 
ANOVAs, and  t    tests were conducted to compare BPRS scores 
from the VLNC + NIC and  u sual  b rand conditions. Analyses 
were conducted using PASW Statistics 17.0 for Windows 
(SPSS, Inc.). Differences were considered significant when 
 p   ≤  .05. Effect sizes (Cohen ’ s  d ) are also provided   when  p  = .05  –  .10 
( Cohen, 1988 ). Significant interactions were followed by 
simple effects tests. Due to technical errors or malfunctioning 
equipment, breath CO data were incomplete from  two  CS, 
subjective measures were incomplete from  four  SS  and   two 
 CS, and puff volume data were incomplete from  four  SS  and  
 eight  CS.    

 Results  
 Sample Characteristics 
 The groups did not differ signifi cantly on any demographic or 
smoking history measure ( Table 1 ). Overall, participants were 
45.2  ±  9.5 ( M   ±   SD ) years old, 43% female, 70% White, 19% 
African American ,  and had completed 12.1  ±  2.0 years of education. 
At enrollment, participants smoked 25.1  ±  8.4 cigarettes / day, 

  Table 1.      Baseline Characteristics of Study 
Participants  

  SS ( n  = 30) CS ( n  = 26)  

  Age,  M  ( SD ) 46.2 (8.0) 44.5 (10.9) 
 Male (%) 60 58 
 Race (%)  
     White 77 65 
     African American 13 23 
     Hispanic ethnicity 4 0 
 Employed full- or part-time (%) 7 23 
 Years of education 11.9 (2.2) 12.2 (1.9) 
 Cigarettes per day 25.9 (9.9) 23.5 (6.5) 
 Nicotine dependence 
   (FTND score)

6.9 (1.5) 6.7 (1.8) 

 Contemplation Ladder Score 5.1 (2.0) 4.7 (1.8) 
 Years of daily smoking 27.4 (8.3) 28.4 (11.9) 
 Salivary cotinine level (ng/ml) 454 (267) 434 (240) 
 Baseline CO level (ppm) 30.6 (20.6) 27.3 (15.2) 
 PANSS positive scale score 11.6 (4.1)  
 PANSS negative scale score 14.6 (6.4)  
 PANSS general scale score 25.9 (5.9)  
 PANSS total score 52.1 (14.6)  
 Antipsychotic drug class 67% Atyp, 17% Typ, 

   10% both types
  

    Note.  SS = smokers with schizophrenia; CS = control smokers; FTND = 
Fagerström Test for Nicotine Dependence; CO = expired-air carbon 
monoxide; PANSS = Positive and Negative Syndrome Scale; Atyp = 
atypical; Typ = typical.   
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had been smoking daily for 28.2  ±  10.0 years, had FTND scores 
of 6.9  ±  1.7, indicating high levels of nicotine dependence, and 
had Contemplation Ladder scores of 4.9  ±  1.9, indicating that 
they were thinking about quitting smoking but did not have 
immediate plans to quit. SS were clinically stable with low   to  
 moderate psychiatric symptom levels, similar to those reported 
by other studies of smoking in SS (e.g.,  Fonder et al., 2005 ; 
 George et al., 2000 ).       

 Smoking  D uring the 5-h r   C ontrolled 
 A dministration  P eriods 
 SS had higher smoke intake levels than CS during the 5-h r  
controlled administration periods, based on both CO boost 
( F (1, 54) = 4.00,  p  = .05) and total puff volume ( F (1, 44) = 16.39, 
 p  < .01). Average CO boosts from the controlled administration 
periods were 15.7  ±  13.8 ppm in SS and 10.1  ±  11.5 ppm in CS; 
average total puff volumes from these periods were 7 , 145  ±  
3 , 995 ml in SS and 3 , 574  ±  1 , 641 ml in CS. There was a signifi cant 
main effect of Cigarette Condition on total puff volume from 
the controlled administration periods ( F (2, 88) = 3.91,  p  < .05), 
with post-hoc comparisons indicating that average total puff 
volume from the VLNC + NIC condition (4 , 969  ±  3 , 594 ml) 
was signifi cantly lower ( p  < .01) than that from the  u sual  b rand 
condition (5 , 841  ±  4 , 004 ml), whereas the total puff volume 
from the VLNC + PLA condition (5 , 268  ±  3 , 309 ml) was inter-
mediate and did not significantly differ from either of those 
conditions. There was no signifi cant effect of cigarette type on 
CO boost and no signifi cant interaction between diagnosis and 
cigarette type on either measure.   

 Subjective  E ffects of  S ensorimotor and 
 N icotine  R eplacement 
  Figure 1  shows the effects of sensorimotor and nicotine replace-
ment on QSU-brief, MNWS ,  and Habit Withdrawal scores in 
SS and CS. SS reported signifi cantly higher MNWS and Habit 
Withdrawal scores than CS ( F (1, 50) = 22.10,  p  < .001;  F (1, 50) = 
6.84,  p  < .05; respectively). Averaged across nicotine and senso-
rimotor replacement conditions, MNWS scores were 34.1  ±  
23.1 in SS and 12.8  ±  12.7 in CS, and Habit Withdrawal scores 
were 3.9  ±  1.5 in SS and 2.9  ±  1.8 in CS. There was no effect of 
diagnosis on QSU-brief score.     

 There were significant main effects of sensorimotor 
replacement on QSU-brief, MNWS ,  and Habit Withdrawal 
scores ( F (1, 50) = 84.75,  p  < .001;  F (1, 50) = 38.77,  p  < .001; 
 F (1, 50) = 13.36,  p  < .01; respectively), with lower scores from 
the VLNC cigarette conditions compared  with  the no cigarette 
conditions. Averaged across diagnostic groups and nicotine 
replacement conditions, QSU-brief scores were 5.0  ±  1.5 in the 
no cigarette and 3.2  ±  1.8 in the VLNC cigarette condition, 
MNWS scores were 29.5  ±  24.1 in the no cigarette and 17.3  ±  20.8 
in the VLNC cigarette condition, and Habit Withdrawal scores 
were 3.7  ±  1.8 in the no cigarette and 3.1  ±  1.6 in the VLNC 
cigarette condition. There were no significant interactions 
between diagnosis and sensorimotor replacement on these 
measures. 

 There was a signifi cant main effect of nicotine replacement 
on QSU-brief score ( F (1, 50) = 8.56,  p  < .01) ,  and the effect of 

   

 Figure 1.        Effects of 5-h r  exposure to 42 mg transdermal nicotine (NIC) or placebo patches (PLA) and very low nicotine content cigarettes (VLNC 
Cigs) or no cigarettes (No Cigs) on CO boost, urge to smoke, nicotine withdrawal symptoms and habit withdrawal symptoms in smokers with 
schizophrenia (SS; solid bars) and control smokers without psychiatric illness (CS; open bars). Bars represent  M   ±   SEM . Signifi cant main effects of 
sensorimotor replacement are indicated with asterisks (** p  < .01; ***  p  < .001), signifi cant main effects of nicotine replacement are indicated with 
plus signs (++  p  < .01) ,  and signifi cant main effects of group are indicated with carets (^  p  < .05; ^^^  p  < .001  ).    
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nicotine replacement on MNWS score approached signifi cance 
( F (1, 50) = 3.21,  p  = .08;  d  = 0.16). Averaged across diagnostic 
groups and sensorimotor replacement conditions, QSU-brief 
scores were 3.9  ±  1.7 in the NIC condition and 4.3  ±  1.6 in the 
PLA condition, and MNWS scores were 21.7  ±  22.32 in the NIC 
condition and 25.2  ±  22.52 in the PLA condition. There were no 
signifi cant Diagnosis  ×  Nicotine Replacement or Sensorimotor 
Replacement  ×  Nicotine Replacement interactions on these mea-
sures. However, there was a signifi cant Diagnosis  ×  Sensorimotor 
Replacement  ×  Nicotine Replacement interaction effect on 
Habit Withdrawal score ( F (1, 50) = 5.44,  p  < .05). Separate 
2  ×  2 ANOVAs conducted within each diagnostic group 
indicated that, in SS, there was a significant Nicotine Re-
placement  ×  Sensorimotor Replacement interaction on Habit 
Withdrawal Scale score ( F (1, 25) = 5.75,  p  < .05), and simple 
effects tests showed that in SS sensorimotor replacement reduced 
Habit Withdrawal Scale scores within PLA conditions ( t  (25) = 3.52, 
 p  < .01) but not NIC conditions ( Figure 1 ). In CS, sensorimotor 
replacement reduced Habit Withdrawal Scale scores ( F  (1, 25) = 
12.20,  p  < .005), with no main effect of Nicotine Replacement 
or interaction between these factors. There were no signifi cant 
differences between the VLNC + NIC and  u sual -  b rand conditions 
on any of these measures.   

 Effects of  S ensorimotor and  N icotine 
 R eplacement on  U sual- B rand  S moking 
 Effects of sensorimotor and nicotine replacement on CO boost 
from the 90-min  ad libitum  usual-brand smoking periods 
are shown in  Figure 1 . There was no effect of diagnosis on CO 
boost from the  ad libitum  usual-brand smoking periods (SS: 
6.98  ±  1.0 ppm; CS: 5.98  ±  1.1 ppm), however ,  there was a 
signifi cant effect of diagnosis on total volume smoked during 
the  ad libitum  usual-brand smoking periods, with higher total 

puff volume in SS than CS ( F (1, 44) = 8.81,  p  < .01; SS: 2 , 536  ±  
1 , 656 ml; CS: 1 , 451  ±  835 ml; not shown). There were signifi cant 
main effects of sensorimotor replacement on both CO boost 
and total volume smoked during the  ad libitum  usual-brand 
smoking periods ( F (1, 54) = 47.05,  p  < .001;  F (1, 44) = 12.93, 
 p  < .01, respectively). Means indicated that smoking VLNC 
cigarettes during the controlled administration periods reduced 
usual-brand smoking during the  ad libitum  periods, based on 
both CO boost (VLNC  c igarette: 3.2  ±  0.2 ppm; No  c igarette: 9.8 
 ±  7.1 ppm) and total puff volume (VLNC  c igarette: 1 , 803  ±  
1 , 420 ml; No  c igarette: 2 , 184  ±  1 , 498 ml). There was no effect of 
nicotine replacement or signifi cant interactions among factors 
on CO boost or total puff volume smoked during the  ad libitum  
usual-brand periods.   

 VLNC Tolerability and Acceptability 
 Comparisons between VLNC cigarettes with and without nicotine 
replacement and  usual- brand cigarettes on  CES  scores are 
shown in  Figure 2 . There were signifi cant main effects of Diag-
nosis on the Reward, Nausea/Dizziness, Craving Relief ,  and 
Enjoyment of Airway Sensations subscales of the  CES , indicating 
that across cigarette types, SS provided higher ratings on these 
measures than CS ( F (1, 50) = 7.94,  p  < .01,  F (1, 50) = 16.04, 
 p  < .001;  F (1, 50) = 4.14,  p  < .05;  F (1, 50) = 10.77,  p  < .01; 
respectively). There were signifi cant main effects of  c igarette 
 c ondition on the  s atisfaction and  r eward subscales of the  CES  
( F (2, 100) = 12. 63,  p  < .001;  F (2, 100) = 8.63,  p  < .001; respec-
tively). Post-hoc tests indicated that, averaged across diagnostic 
groups,  usual- brand cigarettes received higher  s atisfaction and 
 r eward ratings than VLNC + PLA or VLNC + NIC. There was a 
signifi cant main effect of  c igarette  c ondition and a signifi cant 
Diagnosis  ×  Cigarette Condition interaction on  c raving  r elief 
( F (2, 100) = 3.34,  p  < .05;  F (2, 100) = 3.33,  p  < .05; respectively). 

   

 Figure 2.        Comparisons of  usual- brand cigarettes, very low nicotine content cigarettes plus 42 mg transdermal nicotine (VLNC + NIC) and 
very low nicotine content cigarettes plus placebo patches (VLNC + PLA) on subscales of the Cigarette Effects Scale in smokers with schizophrenia 
(SS, solid bars) and control smokers (CS, open bars). Bars represent  M   ±   SEM . Signifi cant main effects of cigarette type are indicated with asterisks 
(** p  < .01; ***  p  < .001), signifi cant main effects of group are indicated with carets ( ̂    p  < .05; ^^  p  < .01;  ̂ ^^   p  < .001), and different letters (a, b) 
represent a signifi cant difference within the CS group only.    
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had been smoking daily for 28.2  ±  10.0 years, had FTND scores 
of 6.9  ±  1.7, indicating high levels of nicotine dependence, and 
had Contemplation Ladder scores of 4.9  ±  1.9, indicating that 
they were thinking about quitting smoking but did not have 
immediate plans to quit. SS were clinically stable with low   to  
 moderate psychiatric symptom levels, similar to those reported 
by other studies of smoking in SS (e.g.,  Fonder et al., 2005 ; 
 George et al., 2000 ).       

 Smoking  D uring the 5-h r   C ontrolled 
 A dministration  P eriods 
 SS had higher smoke intake levels than CS during the 5-h r  
controlled administration periods, based on both CO boost 
( F (1, 54) = 4.00,  p  = .05) and total puff volume ( F (1, 44) = 16.39, 
 p  < .01). Average CO boosts from the controlled administration 
periods were 15.7  ±  13.8 ppm in SS and 10.1  ±  11.5 ppm in CS; 
average total puff volumes from these periods were 7 , 145  ±  
3 , 995 ml in SS and 3 , 574  ±  1 , 641 ml in CS. There was a signifi cant 
main effect of Cigarette Condition on total puff volume from 
the controlled administration periods ( F (2, 88) = 3.91,  p  < .05), 
with post-hoc comparisons indicating that average total puff 
volume from the VLNC + NIC condition (4 , 969  ±  3 , 594 ml) 
was signifi cantly lower ( p  < .01) than that from the  u sual  b rand 
condition (5 , 841  ±  4 , 004 ml), whereas the total puff volume 
from the VLNC + PLA condition (5 , 268  ±  3 , 309 ml) was inter-
mediate and did not significantly differ from either of those 
conditions. There was no signifi cant effect of cigarette type on 
CO boost and no signifi cant interaction between diagnosis and 
cigarette type on either measure.   

 Subjective  E ffects of  S ensorimotor and 
 N icotine  R eplacement 
  Figure 1  shows the effects of sensorimotor and nicotine replace-
ment on QSU-brief, MNWS ,  and Habit Withdrawal scores in 
SS and CS. SS reported signifi cantly higher MNWS and Habit 
Withdrawal scores than CS ( F (1, 50) = 22.10,  p  < .001;  F (1, 50) = 
6.84,  p  < .05; respectively). Averaged across nicotine and senso-
rimotor replacement conditions, MNWS scores were 34.1  ±  
23.1 in SS and 12.8  ±  12.7 in CS, and Habit Withdrawal scores 
were 3.9  ±  1.5 in SS and 2.9  ±  1.8 in CS. There was no effect of 
diagnosis on QSU-brief score.     

 There were significant main effects of sensorimotor 
replacement on QSU-brief, MNWS ,  and Habit Withdrawal 
scores ( F (1, 50) = 84.75,  p  < .001;  F (1, 50) = 38.77,  p  < .001; 
 F (1, 50) = 13.36,  p  < .01; respectively), with lower scores from 
the VLNC cigarette conditions compared  with  the no cigarette 
conditions. Averaged across diagnostic groups and nicotine 
replacement conditions, QSU-brief scores were 5.0  ±  1.5 in the 
no cigarette and 3.2  ±  1.8 in the VLNC cigarette condition, 
MNWS scores were 29.5  ±  24.1 in the no cigarette and 17.3  ±  20.8 
in the VLNC cigarette condition, and Habit Withdrawal scores 
were 3.7  ±  1.8 in the no cigarette and 3.1  ±  1.6 in the VLNC 
cigarette condition. There were no significant interactions 
between diagnosis and sensorimotor replacement on these 
measures. 

 There was a signifi cant main effect of nicotine replacement 
on QSU-brief score ( F (1, 50) = 8.56,  p  < .01) ,  and the effect of 

   

 Figure 1.        Effects of 5-h r  exposure to 42 mg transdermal nicotine (NIC) or placebo patches (PLA) and very low nicotine content cigarettes (VLNC 
Cigs) or no cigarettes (No Cigs) on CO boost, urge to smoke, nicotine withdrawal symptoms and habit withdrawal symptoms in smokers with 
schizophrenia (SS; solid bars) and control smokers without psychiatric illness (CS; open bars). Bars represent  M   ±   SEM . Signifi cant main effects of 
sensorimotor replacement are indicated with asterisks (** p  < .01; ***  p  < .001), signifi cant main effects of nicotine replacement are indicated with 
plus signs (++  p  < .01) ,  and signifi cant main effects of group are indicated with carets (^  p  < .05; ^^^  p  < .001  ).    
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nicotine replacement on MNWS score approached signifi cance 
( F (1, 50) = 3.21,  p  = .08;  d  = 0.16). Averaged across diagnostic 
groups and sensorimotor replacement conditions, QSU-brief 
scores were 3.9  ±  1.7 in the NIC condition and 4.3  ±  1.6 in the 
PLA condition, and MNWS scores were 21.7  ±  22.32 in the NIC 
condition and 25.2  ±  22.52 in the PLA condition. There were no 
signifi cant Diagnosis  ×  Nicotine Replacement or Sensorimotor 
Replacement  ×  Nicotine Replacement interactions on these mea-
sures. However, there was a signifi cant Diagnosis  ×  Sensorimotor 
Replacement  ×  Nicotine Replacement interaction effect on 
Habit Withdrawal score ( F (1, 50) = 5.44,  p  < .05). Separate 
2  ×  2 ANOVAs conducted within each diagnostic group 
indicated that, in SS, there was a significant Nicotine Re-
placement  ×  Sensorimotor Replacement interaction on Habit 
Withdrawal Scale score ( F (1, 25) = 5.75,  p  < .05), and simple 
effects tests showed that in SS sensorimotor replacement reduced 
Habit Withdrawal Scale scores within PLA conditions ( t  (25) = 3.52, 
 p  < .01) but not NIC conditions ( Figure 1 ). In CS, sensorimotor 
replacement reduced Habit Withdrawal Scale scores ( F  (1, 25) = 
12.20,  p  < .005), with no main effect of Nicotine Replacement 
or interaction between these factors. There were no signifi cant 
differences between the VLNC + NIC and  u sual -  b rand conditions 
on any of these measures.   

 Effects of  S ensorimotor and  N icotine 
 R eplacement on  U sual- B rand  S moking 
 Effects of sensorimotor and nicotine replacement on CO boost 
from the 90-min  ad libitum  usual-brand smoking periods 
are shown in  Figure 1 . There was no effect of diagnosis on CO 
boost from the  ad libitum  usual-brand smoking periods (SS: 
6.98  ±  1.0 ppm; CS: 5.98  ±  1.1 ppm), however ,  there was a 
signifi cant effect of diagnosis on total volume smoked during 
the  ad libitum  usual-brand smoking periods, with higher total 

puff volume in SS than CS ( F (1, 44) = 8.81,  p  < .01; SS: 2 , 536  ±  
1 , 656 ml; CS: 1 , 451  ±  835 ml; not shown). There were signifi cant 
main effects of sensorimotor replacement on both CO boost 
and total volume smoked during the  ad libitum  usual-brand 
smoking periods ( F (1, 54) = 47.05,  p  < .001;  F (1, 44) = 12.93, 
 p  < .01, respectively). Means indicated that smoking VLNC 
cigarettes during the controlled administration periods reduced 
usual-brand smoking during the  ad libitum  periods, based on 
both CO boost (VLNC  c igarette: 3.2  ±  0.2 ppm; No  c igarette: 9.8 
 ±  7.1 ppm) and total puff volume (VLNC  c igarette: 1 , 803  ±  
1 , 420 ml; No  c igarette: 2 , 184  ±  1 , 498 ml). There was no effect of 
nicotine replacement or signifi cant interactions among factors 
on CO boost or total puff volume smoked during the  ad libitum  
usual-brand periods.   

 VLNC Tolerability and Acceptability 
 Comparisons between VLNC cigarettes with and without nicotine 
replacement and  usual- brand cigarettes on  CES  scores are 
shown in  Figure 2 . There were signifi cant main effects of Diag-
nosis on the Reward, Nausea/Dizziness, Craving Relief ,  and 
Enjoyment of Airway Sensations subscales of the  CES , indicating 
that across cigarette types, SS provided higher ratings on these 
measures than CS ( F (1, 50) = 7.94,  p  < .01,  F (1, 50) = 16.04, 
 p  < .001;  F (1, 50) = 4.14,  p  < .05;  F (1, 50) = 10.77,  p  < .01; 
respectively). There were signifi cant main effects of  c igarette 
 c ondition on the  s atisfaction and  r eward subscales of the  CES  
( F (2, 100) = 12. 63,  p  < .001;  F (2, 100) = 8.63,  p  < .001; respec-
tively). Post-hoc tests indicated that, averaged across diagnostic 
groups,  usual- brand cigarettes received higher  s atisfaction and 
 r eward ratings than VLNC + PLA or VLNC + NIC. There was a 
signifi cant main effect of  c igarette  c ondition and a signifi cant 
Diagnosis  ×  Cigarette Condition interaction on  c raving  r elief 
( F (2, 100) = 3.34,  p  < .05;  F (2, 100) = 3.33,  p  < .05; respectively). 

   

 Figure 2.        Comparisons of  usual- brand cigarettes, very low nicotine content cigarettes plus 42 mg transdermal nicotine (VLNC + NIC) and 
very low nicotine content cigarettes plus placebo patches (VLNC + PLA) on subscales of the Cigarette Effects Scale in smokers with schizophrenia 
(SS, solid bars) and control smokers (CS, open bars). Bars represent  M   ±   SEM . Signifi cant main effects of cigarette type are indicated with asterisks 
(** p  < .01; ***  p  < .001), signifi cant main effects of group are indicated with carets ( ̂    p  < .05; ^^  p  < .01;  ̂ ^^   p  < .001), and different letters (a, b) 
represent a signifi cant difference within the CS group only.    
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Separate ANOVAs and post-hoc tests conducted for each 
diagnostic group indicated that CS gave higher Craving 
Relief ratings to  usual- brand cigarettes than either VLNC + 
PLA or VLNC + NIC ( F (2, 50) = 6.74,  p  < .01), however ,  SS gave 
similar Craving Relief ratings under all conditions ( Figure 2 ). 
BPRS scores in SS were not affected by nicotine or senso-
rimotor replacement and averaged 24.8  ±  6.2 across condi-
tions (not shown).        

 Discussion 
 The results of this study indicate that smoking VLNC cigarettes 
during the controlled administration periods reduced cigarette 
craving, nicotine withdrawal symptoms, smoking habit with-
drawal symptoms ,  and usual-brand smoking in both SS and CS. 
Furthermore, VLNC cigarettes were well tolerated overall ,  and 
there was no indication that acute VLNC smoking affected psy-
chiatric symptoms in SS. Transdermal nicotine substituted less 
effectively than sensorimotor replacement for usual-brand ciga-
rettes under these study conditions, in that it reduced cigarette 
craving but to a lesser extent than did VLNC cigarettes, and had 
no effect on usual-brand smoking during the 90-min  ad libitum  
smoking periods. These fi ndings are consistent with previous 
laboratory reports in smokers without psychiatric illness (e.g., 
 Johnson et al., 2004 ;  Rose et al., 2003 ;  Westman et al., 1996 ). 
Overall, the results of this study set the stage for longer-term 
studies of VLNC cigarettes in SS to determine whether reducing 
the nicotine yield in cigarettes to nonaddictive levels may be an 
effective strategy for improving smoking cessation outcomes in 
this population. 

 A likely explanation for the results of this study are that 
VLNC cigarettes provide sensorimotor effects that, after years of 
being paired with nicotine intake while smoking, have acquired 
conditioned reinforcing effects ( Rose & Levin, 1991 ). Over 
longer periods of use, the conditioned reinforcing effects of 
VLNC cigarettes are expected to extinguish, leading to smoking 
reductions ( Rose & Behm, 2004 ). The potential problem with 
this approach is that switching from normal nicotine content to 
VLNC cigarettes could increase carcinogen exposure if smokers 
compensate for the reduction in nicotine yield by smoking 
more intensely (reviewed in  Scherer, 1999 ;  Rose 2006 ). Results 
from the small number of studies that have examined this 
question indicate that total volume smoked of VLNC 
cigarettes increases relative to total volume smoked of higher-
nicotine research cigarettes under acute smoking conditions 
( Strasser et al., 2007 ), but after 4  –  6 weeks of VLNC cigarette 
use, smoking rates, carcinogen biomarkers ,  and nicotine depen-
dence severity decline, suggesting that compensatory smoking 
of VLNC cigarettes may not persist beyond a period of weeks or 
months in smokers without serious mental illness ( Donny, 
Houtsmuller, & Stitzer, 2007 ;  Donny & Jones, 2009 ;  Hatsukami, 
Kotlyar, et al., 2010 ). 

 Although these results are promising, several differences 
between SS and CS suggest caution when generalizing the 
results of longer-term VLNC cigarette studies from CS to SS. 
First, despite reporting similar smoking rates and nicotine 
dependence levels at enrollment, SS in this study had higher levels 
of smoke intake from  usual- brand and VLNC cigarettes than CS 
during the 5-hr controlled administration periods. This fi nding 
is consistent with previous reports from several laboratories that 

SS smoke more intensely than CS ( Tidey, Rohsenow, Kaplan, & 
Swift, 2005 ;  Tidey et al., 2008 ,  Weinberger et al., 2007 ,  Williams 
et al., 2005 ,  2011 ). Although the functional signifi cance of their 
higher smoking intensity is unknown, it supports the hypotheses 
that the neuropathology of schizophrenia confers stronger rein-
forcing effects of nicotine in SS ( Novak et al., 2010 ) and that 
benefi cial cognitive effects of nicotine contribute to more intense 
tobacco use in SS ( Martin & Freedman, 2007 ). Their more intense 
smoking of VLNC cigarettes in this study suggests that SS could 
be more prone to compensatory smoking than CS. Notably, we 
found that 42 mg transdermal nicotine reduced VLNC total 
puff volume in both SS and CS during the 5-hr controlled 
administration periods. This is consistent with fi ndings from 
longer-term studies in nonpsychiatric smokers indicating that 
nicotine replacement reduces compensatory smoking ( Becker 
et al., 2008 ;  Donny & Jones, 2009 ). 

 Another difference between SS and CS that is relevant to the 
potential success of a treatment approach incorporating VLNC 
cigarettes is that SS were less sensitive to the effects of VLNC 
cigarettes on smoking habit withdrawal severity. This fi nding 
indicates that VLNC cigarettes substituted less effectively for 
normal-nicotine content cigarettes in SS compared  with  CS, 
and suggests that SS could be less compliant with longer-term 
VLNC cigarette use. On the other hand, the fi nding that SS 
found VLNC cigarettes to be as effective as their usual brand in 
relieving cigarette craving suggests that, if they are compliant 
with longer-term VLNC cigarette use, these cigarettes may be an 
effective method of reducing their craving for normal-nicotine 
content cigarettes. 

 Smith and colleagues have conducted two previous studies 
of acute VLNC cigarette effects in SS ( Smith et al., 2001 ,  2002 ). 
The initial study compared the effects of VLNC and high-nicotine 
content cigarettes on schizophrenia symptoms in 15 SS who 
underwent 6  –  12 h r  smoking abstinence. Pre- versus postsmoking 
assessments indicated that smoking either VLNC or high-nicotine 
content cigarettes decreased negative symptoms to a similar 
extent; positive symptoms were unchanged ( Smith et al., 2001 ). 
A subsequent study by this group examined the separate and 
combined acute effects of sensorimotor (VLNC or high-nicotine 
cigarettes) and nicotine replacement (nicotine or placebo nasal 
spray) on schizophrenia symptoms and cognitive performance 
in 31 SS who underwent 10  –  12 h r  smoking abstinence ( Smith 
et al., 2002 ). Consistent with their previous report, both VLNC 
and high-nicotine cigarettes improved negative symptoms, 
although the high-nicotine cigarette decreased negative symptoms 
to a greater extent, and positive symptoms were not affected. 
Cigarette type did not differentially affect cognitive task perfor-
mance. In contrast, nicotine nasal spray improved cognitive 
performance to a greater extent than did placebo spray, but 
spray type did not differentially affect negative symptom levels. 
The current study replicates the fi ndings of  Smith et al. (2001  ,  
 2002)  that acute use of VLNC cigarettes without concurrent 
nicotine replacement does not appear to adversely impact 
psychiatric symptoms. 

 Taking the above considerations into account, it is clear that 
the next step of this line of research should be to examine a 
longer period of VLNC cigarette use on measures of compliance, 
nicotine intake, carcinogen exposure, cognitive functioning ,  
and psychiatric symptoms in SS. Given that cigarette craving 
levels and number of cigarettes smoked per day were reduced by 
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approximately one-third in nonpsychiatric smokers after 6 weeks 
of VLNC smoking ( Hatsukami, Kotlyar, et al., 2010 ), a 6-week 
period of VLNC cigarette use could provide an indication of 
whether this strategy may be effective in SS. Reducing the nicotine 
content of cigarettes to nonaddictive levels has been proposed 
as a public health approach for signifi cantly reducing smoking-
related morbidity and mortality in the U nited  S tates  ( Benowitz & 
Henningfi eld, 1994 ;  Hatsukami, Perkins, et al., 2010 ). The adop-
tion of this strategy is now possible due to the passage of the 
2009 Family Smoking Prevention and Tobacco Control Act, 
which gave the Food and Drug Administration the authority 
to reduce the level of nicotine in cigarettes. The fi ndings of the 
current study suggest that this strategy may have potential for 
reducing smoking-related morbidity and mortality among SS. 
However, it is essential to examine the effects of VLNC cigarettes 
in SS over a longer period of time before this strategy can be 
fully considered.   
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Separate ANOVAs and post-hoc tests conducted for each 
diagnostic group indicated that CS gave higher Craving 
Relief ratings to  usual- brand cigarettes than either VLNC + 
PLA or VLNC + NIC ( F (2, 50) = 6.74,  p  < .01), however ,  SS gave 
similar Craving Relief ratings under all conditions ( Figure 2 ). 
BPRS scores in SS were not affected by nicotine or senso-
rimotor replacement and averaged 24.8  ±  6.2 across condi-
tions (not shown).        

 Discussion 
 The results of this study indicate that smoking VLNC cigarettes 
during the controlled administration periods reduced cigarette 
craving, nicotine withdrawal symptoms, smoking habit with-
drawal symptoms ,  and usual-brand smoking in both SS and CS. 
Furthermore, VLNC cigarettes were well tolerated overall ,  and 
there was no indication that acute VLNC smoking affected psy-
chiatric symptoms in SS. Transdermal nicotine substituted less 
effectively than sensorimotor replacement for usual-brand ciga-
rettes under these study conditions, in that it reduced cigarette 
craving but to a lesser extent than did VLNC cigarettes, and had 
no effect on usual-brand smoking during the 90-min  ad libitum  
smoking periods. These fi ndings are consistent with previous 
laboratory reports in smokers without psychiatric illness (e.g., 
 Johnson et al., 2004 ;  Rose et al., 2003 ;  Westman et al., 1996 ). 
Overall, the results of this study set the stage for longer-term 
studies of VLNC cigarettes in SS to determine whether reducing 
the nicotine yield in cigarettes to nonaddictive levels may be an 
effective strategy for improving smoking cessation outcomes in 
this population. 

 A likely explanation for the results of this study are that 
VLNC cigarettes provide sensorimotor effects that, after years of 
being paired with nicotine intake while smoking, have acquired 
conditioned reinforcing effects ( Rose & Levin, 1991 ). Over 
longer periods of use, the conditioned reinforcing effects of 
VLNC cigarettes are expected to extinguish, leading to smoking 
reductions ( Rose & Behm, 2004 ). The potential problem with 
this approach is that switching from normal nicotine content to 
VLNC cigarettes could increase carcinogen exposure if smokers 
compensate for the reduction in nicotine yield by smoking 
more intensely (reviewed in  Scherer, 1999 ;  Rose 2006 ). Results 
from the small number of studies that have examined this 
question indicate that total volume smoked of VLNC 
cigarettes increases relative to total volume smoked of higher-
nicotine research cigarettes under acute smoking conditions 
( Strasser et al., 2007 ), but after 4  –  6 weeks of VLNC cigarette 
use, smoking rates, carcinogen biomarkers ,  and nicotine depen-
dence severity decline, suggesting that compensatory smoking 
of VLNC cigarettes may not persist beyond a period of weeks or 
months in smokers without serious mental illness ( Donny, 
Houtsmuller, & Stitzer, 2007 ;  Donny & Jones, 2009 ;  Hatsukami, 
Kotlyar, et al., 2010 ). 

 Although these results are promising, several differences 
between SS and CS suggest caution when generalizing the 
results of longer-term VLNC cigarette studies from CS to SS. 
First, despite reporting similar smoking rates and nicotine 
dependence levels at enrollment, SS in this study had higher levels 
of smoke intake from  usual- brand and VLNC cigarettes than CS 
during the 5-hr controlled administration periods. This fi nding 
is consistent with previous reports from several laboratories that 

SS smoke more intensely than CS ( Tidey, Rohsenow, Kaplan, & 
Swift, 2005 ;  Tidey et al., 2008 ,  Weinberger et al., 2007 ,  Williams 
et al., 2005 ,  2011 ). Although the functional signifi cance of their 
higher smoking intensity is unknown, it supports the hypotheses 
that the neuropathology of schizophrenia confers stronger rein-
forcing effects of nicotine in SS ( Novak et al., 2010 ) and that 
benefi cial cognitive effects of nicotine contribute to more intense 
tobacco use in SS ( Martin & Freedman, 2007 ). Their more intense 
smoking of VLNC cigarettes in this study suggests that SS could 
be more prone to compensatory smoking than CS. Notably, we 
found that 42 mg transdermal nicotine reduced VLNC total 
puff volume in both SS and CS during the 5-hr controlled 
administration periods. This is consistent with fi ndings from 
longer-term studies in nonpsychiatric smokers indicating that 
nicotine replacement reduces compensatory smoking ( Becker 
et al., 2008 ;  Donny & Jones, 2009 ). 

 Another difference between SS and CS that is relevant to the 
potential success of a treatment approach incorporating VLNC 
cigarettes is that SS were less sensitive to the effects of VLNC 
cigarettes on smoking habit withdrawal severity. This fi nding 
indicates that VLNC cigarettes substituted less effectively for 
normal-nicotine content cigarettes in SS compared  with  CS, 
and suggests that SS could be less compliant with longer-term 
VLNC cigarette use. On the other hand, the fi nding that SS 
found VLNC cigarettes to be as effective as their usual brand in 
relieving cigarette craving suggests that, if they are compliant 
with longer-term VLNC cigarette use, these cigarettes may be an 
effective method of reducing their craving for normal-nicotine 
content cigarettes. 

 Smith and colleagues have conducted two previous studies 
of acute VLNC cigarette effects in SS ( Smith et al., 2001 ,  2002 ). 
The initial study compared the effects of VLNC and high-nicotine 
content cigarettes on schizophrenia symptoms in 15 SS who 
underwent 6  –  12 h r  smoking abstinence. Pre- versus postsmoking 
assessments indicated that smoking either VLNC or high-nicotine 
content cigarettes decreased negative symptoms to a similar 
extent; positive symptoms were unchanged ( Smith et al., 2001 ). 
A subsequent study by this group examined the separate and 
combined acute effects of sensorimotor (VLNC or high-nicotine 
cigarettes) and nicotine replacement (nicotine or placebo nasal 
spray) on schizophrenia symptoms and cognitive performance 
in 31 SS who underwent 10  –  12 h r  smoking abstinence ( Smith 
et al., 2002 ). Consistent with their previous report, both VLNC 
and high-nicotine cigarettes improved negative symptoms, 
although the high-nicotine cigarette decreased negative symptoms 
to a greater extent, and positive symptoms were not affected. 
Cigarette type did not differentially affect cognitive task perfor-
mance. In contrast, nicotine nasal spray improved cognitive 
performance to a greater extent than did placebo spray, but 
spray type did not differentially affect negative symptom levels. 
The current study replicates the fi ndings of  Smith et al. (2001  ,  
 2002)  that acute use of VLNC cigarettes without concurrent 
nicotine replacement does not appear to adversely impact 
psychiatric symptoms. 

 Taking the above considerations into account, it is clear that 
the next step of this line of research should be to examine a 
longer period of VLNC cigarette use on measures of compliance, 
nicotine intake, carcinogen exposure, cognitive functioning ,  
and psychiatric symptoms in SS. Given that cigarette craving 
levels and number of cigarettes smoked per day were reduced by 
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approximately one-third in nonpsychiatric smokers after 6 weeks 
of VLNC smoking ( Hatsukami, Kotlyar, et al., 2010 ), a 6-week 
period of VLNC cigarette use could provide an indication of 
whether this strategy may be effective in SS. Reducing the nicotine 
content of cigarettes to nonaddictive levels has been proposed 
as a public health approach for signifi cantly reducing smoking-
related morbidity and mortality in the U nited  S tates  ( Benowitz & 
Henningfi eld, 1994 ;  Hatsukami, Perkins, et al., 2010 ). The adop-
tion of this strategy is now possible due to the passage of the 
2009 Family Smoking Prevention and Tobacco Control Act, 
which gave the Food and Drug Administration the authority 
to reduce the level of nicotine in cigarettes. The fi ndings of the 
current study suggest that this strategy may have potential for 
reducing smoking-related morbidity and mortality among SS. 
However, it is essential to examine the effects of VLNC cigarettes 
in SS over a longer period of time before this strategy can be 
fully considered.   
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