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quit. It consists of smoking rapidly to produce an unpleasant 
syndrome that becomes a conditioned response to smoking and 
might help the individual stop smoking. Symptoms of rapid 
smoking can include transient nausea, dizziness, lightheaded-
ness, clammy skin, burning throat, tingling sensation, headache, 
and heart racing ( Lichtenstein, Harris, Birchler, Wahl, & Schmahl, 
1973 ;  Juliano, Houtsmuller, & Stitzer, 2006 ).   Although unpleasant, 
rapid smoking seems to pose few serious safety problems ( Hall, 
Sachs, Hall, & Benowitz, 1984 ;  Russell, Raw, Taylor, Feyerabend, & 
Saloojee, 1978 ;  Danaher 1977 ). Although initial studies suggested 
its usefulness for smoking cessation, most evidence is inconclu-
sive due to methodological problems ,  and its practice has been 
mostly abandoned. (For more thorough discussion ,  see review 
by  Hajek & Stead, 2004 .) More recent studies of rapid smoking 
indicate  that  it is associated with  short- term reductions in craving 
( Houtsmuller & Stitzer, 1999 ;  Juliano et al., 2006 ) and longer 
latency, or time, to subsequent smoking ( Dallery, Houtsmuller 
Pickworth, & Stitzer, 2003 ). 

 Rapid smoking protocols have typically included timed 
cigarette puffi ng that occurs every 6  –  10 s for 3 min or until the 
smoker is unable to continue ( Lichtenstein et al., 1973 ). Paced 
smoking, in contrast, is a similar procedure ,  where the time 
between puffs (or interpuff interval  [ IPI ] ) is increased to 30 s. 
Paced smoking does not elicit aversive sensations and in some 
studies has been used as an inactive control ( Hall et al., 1984  ) . 
An alternate protocol for rapid smoking is smoking  three  or 
more cigarettes in brief time intervals, ranging from 8  to  20 min 
( Dallery et al., 2003 ;  Hall et al., 1984 ;  Juliano et al., 2006 ). As 
an aversive technique, smokers would not be expected to 
practice rapid smoking in their own environment. Studies of 
smoking topography in smokers with schizophrenia (SS) 
have found differences compared  with  community smokers 
who do not have mental illness. SS demonstrate more intense 
smoking characterized by more frequent puffs per cigarette 
and shorter time IPI ( Williams et al., 2011 ;  Tidey, Rohsenow, 
Kaplan, & Swift, 2005 ). Shorter IPI is associated with higher 
nicotine intake ( Williams et al., 2011 ). Given the short time 
between puffs seen in other studies, we were interested to see 
if  SS  naturalistically practice rapid smoking using topography 

             Abstract 
   Introduction:     Aversive smoking has been investigated as a 
smoking cessation technique that involves rapid smoking in a 
clinic or laboratory and typically involves (a) puffi ng every 6 – 10 s 
or (b) smoking 3 or more cigarettes sequentially in 8 – 20 min. 
Rapid smoking usually results in dizziness, sore throat, nausea, 
and other unpleasant feelings. 

   Methods:     To explore rapid smoking, 161 smokers (75 with 
schizophrenia [SS]; 86 controls [CON]) were assessed in a 
single day (24  ±  2 hr),  ad libitum  smoking topography ses-
sion using the Clinical Research Support System micro portable 
topography device. 

   Results:     SS smoked signifi cantly more cigarettes in the 24-hr 
period versus CON and the time between puffs, or interpuff 
interval (IPI) was shorter in SS versus CON by an average of 6.5 s 
( p  < .001). The median IPI was also signifi cantly shorter in SS 
versus CON (9.3 vs.15.7 s;  p  < .001). SS were twice as likely 
to have IPIs  ≤ 6 s than CON ( OR  = 2.32, 95%  CI  = 1.68, 3.20; 
 p  < .001). SS were also more likely to smoke 3 or more cigarettes 
in any 20 min during a 24-hr topography session ( OR  = 2.32, 
95%  CI  = 1.03, 2.44;  p  < .001). Rapid smoking was associated 
with baseline characteristics of smoking more cigarettes per 
day, higher Fagerström score, and higher carbon monoxide 
level but not with serum cotinine values or trans-3 � -
hydroxycotinine/cotinine ratios. 

   Conclusions:     Using either defi nition, SS exhibit patterns of 
rapid smoking that they seemingly do not experience as aversive, 
since it refl ects their naturalistic pattern of smoking, outside of 
the laboratory. 

       Introduction 
 Rapid smoking is an  aversive  counter - conditioning technique 
that has been investigated as a potential strategy to help smokers 

   Brief Report 

    Rapid Smoking May Not be Aversive in 
Schizophrenia 
     Jill M.      Williams    ,   M.D.  ,  1  ,  2        Kunal K.      Gandhi    ,   M.B.B.S., M.P.H.  ,  1  ,  2        Shou-En      Lu    ,   Ph.D.  ,  1  ,  2        Marc L.      Steinberg    ,   Ph.D.  ,  1  ,  2      & 
    Neal L.      Benowitz    ,   M.D.  3     

  1    School of Public Health, University of Medicine and Dentistry of New Jersey, Piscataway, NJ 
  2    Robert Wood Johnson Medical School, University of Medicine and Dentistry of New Jersey, New Brunswick, NJ   
  3    University of California San Francisco, San Francisco, CA   

  Corresponding Author: Jill M. Williams, M.D.,  Robert Wood Johnson Medical School, University of Medicine and Dentistry of 
New Jersey, 317 George Street, Suite 105, New Brunswick, NJ 08901-2008, USA. Telephone: 732-235-4341; Fax: 732-235-4277; 
E-mail:  jill.williams@umdnj.edu    

  Received    July     14  ,   2011   ; accepted    December     12  ,   2011              

2

Rapid smoking in schizophrenia

data gathered from a study of smoking behavior measured 
outside of the laboratory.   

 Methods 
 This is a secondary data analysis from a study of nicotine intake 
and smoking topography on 161 participants (SS ,   n    =   75 and 
control smokers  [CON]  without mental illness,  n    =   86;  Williams 
et al., 2011 ). Procedures for subject recruiting and blood sam-
pling have been described in the original report ( Williams et al., 
2011 ). Briefl y, all subjects participated in a 24    ±    2 - hr topography 
session that included smoking at home with a portable topogra-
phy device. The data collection period started at approximately 
3   p . m .  and continued upon awakening the next day. The study 
also included blood draws for measurement of nicotine and 
cotinine. All subjects with schizophrenia were enrolled in men-
tal health treatment, stable on antipsychotic medications and 
had their diagnosis confi rmed with the Structured Clinical In-
terview for  DSM-IV   (  Spitzer & Williams, 1985 ).  CON  had to be 
without any mental illness within the last year and could not be 
taking an antidepressant, mood stabilizer ,  or anxiolytic for any 
reason. The study was approved by the  University of Medicine 
and Dentistry of New Jersey  -Robert Wood Johnson Medical 
School  Institutional Review Board. 

 Subjects completed an assessment battery including a smok-
ing history, demographic and medication questionnaire, the 
 Fagerström  Test for Nicotine Dependence (FTND;  Heatherton, 
Kozlowski, Frecker, & Fagerström, 1991 ) ,  and assessments of 
symptom severity (Positive and Negative Syndrome Scale;  Kay, 
Opler & Lindenmayer, 1989 , SS only). Subjects had a baseline 
expired carbon monoxide (CO) reading using an EC-50 Smoker-
lyzer (Bedfont Scientifi c, NJ). Subjects completed brief question-
naires assessing their urges to smoke (Questionnaire of Smoking 
Urges Brief Form  [ QSU ] ;  Cox, Tiffany, & Christen, 2001 ), and 
mood states (Positive and Negative Affect Schedule, PANAS; 
 Watson, Clark, & Tellegen, 1988 ) measured  1  hr after a morning 
cigarette. Subjects were required to bring their own cigarettes 
for all study procedures. 

 Participants were trained on the proper use of the Clinical 
Research Support System (CReSS) Micro Smoking Topography 
device (Plowshare/Borgwaldt-KC, Richmond, VA), a battery-
operated portable device that measures a full complement of 
smoking behaviors. Following study procedures, the data are 
transferred from the handheld device to a desktop computer 
program. Nicotine and its metabolites, cotinine and trans-3  �  -
hydroxycotinine (3HC) ,  were quantifi ed in serum by liquid 
chromatography  –  tandem mass spectrometry at the Clinical 
Pharmacology Laboratory at the University of California, San 
Francisco ( Jacob et al., 2011 ).  

 Statistical Analysis 
 Two sample  t    tests and  chi -square tests were used to compare 
the baseline differences in sociodemographic variables, symp-
tom scores ,  and smoking characteristics between groups. We 
used a data cleaning procedure (Plowshare Technologies) to 
identify and delete erroneous puffs/cigarettes, which are 
described in greater detail in our prior work ( Williams et al., 
2011 ). Mean values of repeatedly measured topography variables 
including IPI and puff count were estimated and compared 

  Table 1.      Characteristics of the Sample  

  

Smokers with 
schizophrenia 
( n  = 75)

Control smokers 
( n  = 86)  

   M  ( SD )  M  ( SD ) 
 Baseline carbon monoxide (ppm)* 23.1 (12.2) 19.5 (7.6) 
 Cigarettes per day 22.3 (11.5) 20.0 (7.7) 
 Total Fagerström Test for Nicotine 
   Dependence score

5.9 (2.0) 5.5 (1.9) 

 Age*** 45.7 (10.5) 38.0 (12.0) 
 Age of fi rst smoking 14.7 (5.2) 14.7 (3.7) 
 Past quit attempts 3.3 (4.1) 4.2 (16.8) 
 Serum nicotine (ng/ml)*** 31.3 (12.1) 24.4 (10.6) 
 Serum cotinine (ng/ml)*** 450.9 (199.1) 303.9 (128.1) 
 Trans-3 � -hydroxycotinine/
   cotinine ratio

0.54 (0.38) 0.49 (0.31) 

 Count (%) Count (%) 
 Male gender** 55 (73.3) 44 (51.2) 
 Smoking mentholated cigarette 
   brand

51 (68.0) 61 (70.9) 

 Race/ethnicity  
     Black 35 (46.7) 25 (29.1) 
     Caucasian 33 (44.0) 45 (52.3) 
     Hispanic 4 (5.3) 13 (13.1) 
     Other 3 (4.0) 3 (3.5)  

     Note.    Independent sample    t    test, Mann – Whitney or chi-square test.   
  * p   <  .05 .  ** p    <   .01. *** p  < .001.   

using a random effects nested linear model analysis ( Littell, 
Milliken, Stroup, Wolfi nger, & Schabenberger, 2006  )  in which 
the random effects component was used to model the different 
variation in the SS and CON subjects and in the double nested 
structure of data (puffs within cigarettes and cigarettes within 
subjects). Median IPI values were compared with the Wilcoxon 
 two -sample test. Analyses were performed using SAS Proc 
Mixed procedure.   p      V alues less than .05 were considered to be 
statistically signifi cant. Bonferroni corrections were applied to 
adjust for  T ype I error rates resulting from multiple compari-
sons, as appropriate. Generalized estimating equations, using 
SAS Proc Genmod, were used to examine which group (SS vs. 
CON) was more likely to have IPIs  ≤ 6 and  ≤ 10 s. We used ran-
dom effects logistic regression analyses to compare differences 
between rapid smoking and non-rapid smoking groups. All 
statistical analyses were performed using SAS v .  9.1.    

 Results  
 Characteristics of the Sample 
 Baseline clinical and sociodemographic data for the sample are 
described in  Table 1 .  SS  were older and more likely to be men 
compared  with  CON (both  p    <   .01). Although both groups 
smoked the same average number of cigarettes per day, SS had 
higher baseline expired CO (23.1 vs. 19.5;  p    <   .05). On other 
characteristics including FTND total score, age of fi rst smoking, 
number of past quit attempts, race/ethnicity ,  and education, 
there were no differences between groups. Serum nicotine and 
cotinine levels were signifi cantly higher in SS compared  with 
 CON (31.3 vs. 24.4 ng/ml and 450.9 vs. 303.9 ng/ml, respectively; 
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indicate  that  it is associated with  short- term reductions in craving 
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smoking, in contrast, is a similar procedure ,  where the time 
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an aversive technique, smokers would not be expected to 
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smoking characterized by more frequent puffs per cigarette 
and shorter time IPI ( Williams et al., 2011 ;  Tidey, Rohsenow, 
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data gathered from a study of smoking behavior measured 
outside of the laboratory.   
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 This is a secondary data analysis from a study of nicotine intake 
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et al., 2011 ). Procedures for subject recruiting and blood sam-
pling have been described in the original report ( Williams et al., 
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tal health treatment, stable on antipsychotic medications and 
had their diagnosis confi rmed with the Structured Clinical In-
terview for  DSM-IV   (  Spitzer & Williams, 1985 ).  CON  had to be 
without any mental illness within the last year and could not be 
taking an antidepressant, mood stabilizer ,  or anxiolytic for any 
reason. The study was approved by the  University of Medicine 
and Dentistry of New Jersey  -Robert Wood Johnson Medical 
School  Institutional Review Board. 

 Subjects completed an assessment battery including a smok-
ing history, demographic and medication questionnaire, the 
 Fagerström  Test for Nicotine Dependence (FTND;  Heatherton, 
Kozlowski, Frecker, & Fagerström, 1991 ) ,  and assessments of 
symptom severity (Positive and Negative Syndrome Scale;  Kay, 
Opler & Lindenmayer, 1989 , SS only). Subjects had a baseline 
expired carbon monoxide (CO) reading using an EC-50 Smoker-
lyzer (Bedfont Scientifi c, NJ). Subjects completed brief question-
naires assessing their urges to smoke (Questionnaire of Smoking 
Urges Brief Form  [ QSU ] ;  Cox, Tiffany, & Christen, 2001 ), and 
mood states (Positive and Negative Affect Schedule, PANAS; 
 Watson, Clark, & Tellegen, 1988 ) measured  1  hr after a morning 
cigarette. Subjects were required to bring their own cigarettes 
for all study procedures. 
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Research Support System (CReSS) Micro Smoking Topography 
device (Plowshare/Borgwaldt-KC, Richmond, VA), a battery-
operated portable device that measures a full complement of 
smoking behaviors. Following study procedures, the data are 
transferred from the handheld device to a desktop computer 
program. Nicotine and its metabolites, cotinine and trans-3  �  -
hydroxycotinine (3HC) ,  were quantifi ed in serum by liquid 
chromatography  –  tandem mass spectrometry at the Clinical 
Pharmacology Laboratory at the University of California, San 
Francisco ( Jacob et al., 2011 ).  

 Statistical Analysis 
 Two sample  t    tests and  chi -square tests were used to compare 
the baseline differences in sociodemographic variables, symp-
tom scores ,  and smoking characteristics between groups. We 
used a data cleaning procedure (Plowshare Technologies) to 
identify and delete erroneous puffs/cigarettes, which are 
described in greater detail in our prior work ( Williams et al., 
2011 ). Mean values of repeatedly measured topography variables 
including IPI and puff count were estimated and compared 

  Table 1.      Characteristics of the Sample  

  

Smokers with 
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( n  = 75)

Control smokers 
( n  = 86)  

   M  ( SD )  M  ( SD ) 
 Baseline carbon monoxide (ppm)* 23.1 (12.2) 19.5 (7.6) 
 Cigarettes per day 22.3 (11.5) 20.0 (7.7) 
 Total Fagerström Test for Nicotine 
   Dependence score

5.9 (2.0) 5.5 (1.9) 

 Age*** 45.7 (10.5) 38.0 (12.0) 
 Age of fi rst smoking 14.7 (5.2) 14.7 (3.7) 
 Past quit attempts 3.3 (4.1) 4.2 (16.8) 
 Serum nicotine (ng/ml)*** 31.3 (12.1) 24.4 (10.6) 
 Serum cotinine (ng/ml)*** 450.9 (199.1) 303.9 (128.1) 
 Trans-3 � -hydroxycotinine/
   cotinine ratio

0.54 (0.38) 0.49 (0.31) 

 Count (%) Count (%) 
 Male gender** 55 (73.3) 44 (51.2) 
 Smoking mentholated cigarette 
   brand

51 (68.0) 61 (70.9) 

 Race/ethnicity  
     Black 35 (46.7) 25 (29.1) 
     Caucasian 33 (44.0) 45 (52.3) 
     Hispanic 4 (5.3) 13 (13.1) 
     Other 3 (4.0) 3 (3.5)  

     Note.    Independent sample    t    test, Mann – Whitney or chi-square test.   
  * p   <  .05 .  ** p    <   .01. *** p  < .001.   

using a random effects nested linear model analysis ( Littell, 
Milliken, Stroup, Wolfi nger, & Schabenberger, 2006  )  in which 
the random effects component was used to model the different 
variation in the SS and CON subjects and in the double nested 
structure of data (puffs within cigarettes and cigarettes within 
subjects). Median IPI values were compared with the Wilcoxon 
 two -sample test. Analyses were performed using SAS Proc 
Mixed procedure.   p      V alues less than .05 were considered to be 
statistically signifi cant. Bonferroni corrections were applied to 
adjust for  T ype I error rates resulting from multiple compari-
sons, as appropriate. Generalized estimating equations, using 
SAS Proc Genmod, were used to examine which group (SS vs. 
CON) was more likely to have IPIs  ≤ 6 and  ≤ 10 s. We used ran-
dom effects logistic regression analyses to compare differences 
between rapid smoking and non-rapid smoking groups. All 
statistical analyses were performed using SAS v .  9.1.    

 Results  
 Characteristics of the Sample 
 Baseline clinical and sociodemographic data for the sample are 
described in  Table 1 .  SS  were older and more likely to be men 
compared  with  CON (both  p    <   .01). Although both groups 
smoked the same average number of cigarettes per day, SS had 
higher baseline expired CO (23.1 vs. 19.5;  p    <   .05). On other 
characteristics including FTND total score, age of fi rst smoking, 
number of past quit attempts, race/ethnicity ,  and education, 
there were no differences between groups. Serum nicotine and 
cotinine levels were signifi cantly higher in SS compared  with 
 CON (31.3 vs. 24.4 ng/ml and 450.9 vs. 303.9 ng/ml, respectively; 
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 Craving and Affect Scores 
 Items from the QSU were analyzed as two factors:   “  intention to 
smoke  ”   (Factor 1) and   “  anticipation of relief from withdrawal  ”   
(Factor 2;  Tiffany & Drobes, 1991 ). Rapid smokers from both 
groups (SS and CON) were collapsed into one group ( N    =   27) 
and adjusted for diagnosis group ,  since we previously found sig-
nifi cant differences in SS compared  with CON  ( Williams et al., 
2011 ). Rapid smokers had higher subscale scores on Factor 2 
(45.8 vs. 27.0,  p    <   .01) and QSU general factor (i.e. ,  average of 
both factors; 56.9 v s.  41.5;  p    <   .05) but no differences for Factor 
1 scores. Rapid smokers also differed signifi cantly in PANAS 
scores; with signifi cantly higher scores of negative affect (PANAS 
negative scores; 9.6 vs. 5.3,  p    <   .05).    

 Discussion 
 Using either definition of rapid smoking, SS exhibit these 
behaviors. Although we did not directly measure aversive effects 
in this study, it is likely that SS do not experience this smoking 
as aversive, since it refl ects their naturalistic pattern of smoking, 
outside of the laboratory. Since only  twenty- seven smokers in 
the sample exhibited rapid smoking, we did not have the power 
to detect other differences in demographic or clinical character-
istics ,  but this an interesting area for further study. Similarly it 
would be important to measure the presence or lack of aversive 
effects directly after rapid smoking in these subgroups of smokers. 
Lack of an aversive effect to nicotine is not likely due to rapid 
nicotine metabolism ,  since we have demonstrated no evidence 
of this in two prior studies of smokers comparing the 3HC/cotinine 
ratio (a noninvasive marker of the rate of nicotine metabolism ;  
 Dempsey et al., 2004 ) in  SS   versus  controls and observed no as-
sociation between rapid smoking and 3HC/cotinine ratios in 
the present study. Tolerance     to high dose nicotine is also consis-
tent with our other studies of SS that have documented higher 
nicotine levels than smokers without mental illness who smoked 
the same number of cigarettes per day ( Williams et al., 2005 ; 
 Williams et al., 2010 ). Our studies have also found higher levels 
of nicotine boost in SS (28 ng/ ml ) as well as a higher total 
dose of nicotine from smoking a single cigarette than  CON  
( Williams et al., 2010 ). 

 Since individuals with schizophrenia experience more than 
twenty years of reduced life expectancy largely due to the effects 
of smoking ( Kelly et al., 2011  ;   Miller, Paschall, & Svendsen, 
2006 ) ,  it is a priority to improve on methods to help these 
patients quit. A barrier  to  achieving this goal is that it is not yet 
clear why people with schizophrenia smoke differently (e.g., 
rapid puffing and higher nicotine intake). One hypothesis is 
that SS smoke more due to alterations in brain dopaminergic 
systems that increase the sensitivity to positive reinforce-
ment from addicting substances ( Chambers, Krystal, & Self, 
2001 ). This may contribute to their excessive use of not only 
nicotine but  also  caffeine and other drugs ( Gandhi, Wil-
liams, Menza, Galazyn, & Benowitz, 2010) . Animal models of 
schizophrenia demonstrate addiction vulnerability ( Cham-
bers & Taylor 2004 ) ,  and it has been argued that substance 
use is a core symptom of schizophrenia ( Chambers et al., 
2001 ). Higher nicotine levels from rapid puffing and shorter 
time between puffs may increase addictive potential and re-
inforcement value, possibly explaining why SS have reduced 
success in smoking cessation. 

   

 Figure 1        Distribution of  interpuff interval  scores    .    

both  p    <   .001). Mean 3HC/cotinine ratios were not different 
between groups (mean 0.54 vs. 0.49;  p    =   .49).       

 Rapid Smoking 
 As reported in  Williams et al. (2011) , SS differed signifi cantly 
from CON on measures of smoking topography. During the as-
sessment period, data from 38 , 691 individual puffs (2 , 966 total 
cigarettes) were collected. SS smoked an average of 2.8 more 
puffs per cigarette than CON (both  p    <   .001) in addition to 
smoking more cigarettes in the 24 - hr testing session (mean 21.0, 
SS vs. 16.0, CON). The mean time between puffs or IPI was sig-
nifi cantly shorter in SS (16.0 vs. 22.6 s ; p    <   .001). Due to the 
skewed distribution of the data, we also examined the median 
IPI and found that it was shorter in SS than CON (9.3 vs.15.7 s; 
 p    <   .001;  Figure 1 ). Average total time to finish smoking a 
cigarette was shorter in SS compared  with  CON (4.5 vs. 5.5 min; 
 p    <   .001).     

 We examined the frequency of  IPI s  ≤ 6 s. SS were twice as 
likely to have IPIs  ≤ 6 s than CON ( OR   =  2.32, 95%  CI   =  1.68, 
3.20;  p    <   .001). SS were also more likely to have   IPIs  ≤ 10 when 
compared  with  CON ( OR   =  2.69, 95%  CI   =  2.24, 3.22;  p    <   .001). 
Using the alternative defi nition of rapid smoking ( three or more  
cigarettes in a short period of time), we examined the frequency 
of smoking  three  or more cigarettes in any 20 - min interval of 
the 24 - hr smoking topography period. SS were twice as likely as 
CON to smoke  three or more  cigarettes in 20 min ( OR   =  2.32, 
95% CI   =  1.03, 2.44;  p    <   .001). There were a total of  six  smokers 
in the dataset who smoked  four or more  cigarettes in any 20 - mi n  
interval (5 SS and 1 CON) and  one  of these (SS) smoked  seven  
cigarettes in a 20 - min interval. 

 We then looked at individuals who exhibited rapid smoking 
behavior ( N    =   21/75 SS and 6/86 CON) using the definition 
of  three or more  cigarettes smoked in 20 min, to see if this group 
was associated with other demographic or smoking characteris-
tics. Rapid smoking was associated with higher baseline ciga-
rettes smoked per day (26.0 v s.  20.0,  t   =  −  2.84,  df   =  159,  p    <   .01), 
total FTND (6.4 vs .  5.5,  t   =  −  2.35,  df   =  159,  p    <   .05) , and  sum-
mary score and baseline CO (25.6 vs. 20.3,  t   =  −  2.46,  df   =  158,  p   
 <   .05). There was no association between rapid smoking and 
serum cotinine values or 3HC/cotinine ratios.   

4
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 SS report higher levels of negative affect (NA), less positive 
affect ,  a greater anticipation that smoking will relieve NA (QSU 
Factor 2;  Williams et al., 2011 ). QSU Factor 2 (anticipation that 
smoking will relieve negative affect) and PANAS negative scores 
in this study were associated with rapid smoking. This means 
that smoking more intensely (i.e. ,  more frequent puffi ng and 
reduced IPI) may be in response to having less ability to tolerate 
 NA  whether from withdrawal or other reasons. In combination ,  
our fi ndings of higher nicotine intake and rapid puffi ng in SS 
may refl ect an  “ urgency ”  to smoke in these individuals that is 
still poorly understood. 

 Lack of aversive effects is interesting as it relates to a new-
ly described acetylcholine receptor alpha5 subunit single 
nucleotide polymorphism (SNP). This SNP is associated with 
smoking quantity and severity ( Berrettini et al., 2008 ) including 
a lack of aversive effects to high dose nicotine ( Fowler, Lu, 
Johnson, Marks, & Kenny, 2011 ). Animal models similarly 
show that deletion of alpha5 subunits enhances nicotine 
self-administration, supporting their role in nicotine intake 
mechanisms     ( Fowler, Arends, & Kenny, 2008 ). Alpha5 receptors 
are heavily concentrated in the medial habenula, which is being 
investigated as a major regulatory center for nicotine con-
sumption, reward ,  and aversion ( Frahm et al., 2011 ), in addi-
tion to its potential role in psychosis and psychiatric illness. 
Schizophrenia can be conceptualized as the most severe 
example of the disease of nicotine dependence by virtue of 
the repetitive smoking behavior, high nicotine intake, and 
reduced cessation ,  despite evidence of disease and early death 
( Tidey, 2011 ). Clinical similarities can be observed between 
nicotine intake behavior from studies of alpha5 nicotinic 
systems and observational studies of schizophrenia. These 
warrant further studies to explore possible mechanisms of 
high nicotine intake in  SS .   
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 Craving and Affect Scores 
 Items from the QSU were analyzed as two factors:   “  intention to 
smoke  ”   (Factor 1) and   “  anticipation of relief from withdrawal  ”   
(Factor 2;  Tiffany & Drobes, 1991 ). Rapid smokers from both 
groups (SS and CON) were collapsed into one group ( N    =   27) 
and adjusted for diagnosis group ,  since we previously found sig-
nifi cant differences in SS compared  with CON  ( Williams et al., 
2011 ). Rapid smokers had higher subscale scores on Factor 2 
(45.8 vs. 27.0,  p    <   .01) and QSU general factor (i.e. ,  average of 
both factors; 56.9 v s.  41.5;  p    <   .05) but no differences for Factor 
1 scores. Rapid smokers also differed signifi cantly in PANAS 
scores; with signifi cantly higher scores of negative affect (PANAS 
negative scores; 9.6 vs. 5.3,  p    <   .05).    

 Discussion 
 Using either definition of rapid smoking, SS exhibit these 
behaviors. Although we did not directly measure aversive effects 
in this study, it is likely that SS do not experience this smoking 
as aversive, since it refl ects their naturalistic pattern of smoking, 
outside of the laboratory. Since only  twenty- seven smokers in 
the sample exhibited rapid smoking, we did not have the power 
to detect other differences in demographic or clinical character-
istics ,  but this an interesting area for further study. Similarly it 
would be important to measure the presence or lack of aversive 
effects directly after rapid smoking in these subgroups of smokers. 
Lack of an aversive effect to nicotine is not likely due to rapid 
nicotine metabolism ,  since we have demonstrated no evidence 
of this in two prior studies of smokers comparing the 3HC/cotinine 
ratio (a noninvasive marker of the rate of nicotine metabolism ;  
 Dempsey et al., 2004 ) in  SS   versus  controls and observed no as-
sociation between rapid smoking and 3HC/cotinine ratios in 
the present study. Tolerance     to high dose nicotine is also consis-
tent with our other studies of SS that have documented higher 
nicotine levels than smokers without mental illness who smoked 
the same number of cigarettes per day ( Williams et al., 2005 ; 
 Williams et al., 2010 ). Our studies have also found higher levels 
of nicotine boost in SS (28 ng/ ml ) as well as a higher total 
dose of nicotine from smoking a single cigarette than  CON  
( Williams et al., 2010 ). 

 Since individuals with schizophrenia experience more than 
twenty years of reduced life expectancy largely due to the effects 
of smoking ( Kelly et al., 2011  ;   Miller, Paschall, & Svendsen, 
2006 ) ,  it is a priority to improve on methods to help these 
patients quit. A barrier  to  achieving this goal is that it is not yet 
clear why people with schizophrenia smoke differently (e.g., 
rapid puffing and higher nicotine intake). One hypothesis is 
that SS smoke more due to alterations in brain dopaminergic 
systems that increase the sensitivity to positive reinforce-
ment from addicting substances ( Chambers, Krystal, & Self, 
2001 ). This may contribute to their excessive use of not only 
nicotine but  also  caffeine and other drugs ( Gandhi, Wil-
liams, Menza, Galazyn, & Benowitz, 2010) . Animal models of 
schizophrenia demonstrate addiction vulnerability ( Cham-
bers & Taylor 2004 ) ,  and it has been argued that substance 
use is a core symptom of schizophrenia ( Chambers et al., 
2001 ). Higher nicotine levels from rapid puffing and shorter 
time between puffs may increase addictive potential and re-
inforcement value, possibly explaining why SS have reduced 
success in smoking cessation. 

   

 Figure 1        Distribution of  interpuff interval  scores    .    

both  p    <   .001). Mean 3HC/cotinine ratios were not different 
between groups (mean 0.54 vs. 0.49;  p    =   .49).       

 Rapid Smoking 
 As reported in  Williams et al. (2011) , SS differed signifi cantly 
from CON on measures of smoking topography. During the as-
sessment period, data from 38 , 691 individual puffs (2 , 966 total 
cigarettes) were collected. SS smoked an average of 2.8 more 
puffs per cigarette than CON (both  p    <   .001) in addition to 
smoking more cigarettes in the 24 - hr testing session (mean 21.0, 
SS vs. 16.0, CON). The mean time between puffs or IPI was sig-
nifi cantly shorter in SS (16.0 vs. 22.6 s ; p    <   .001). Due to the 
skewed distribution of the data, we also examined the median 
IPI and found that it was shorter in SS than CON (9.3 vs.15.7 s; 
 p    <   .001;  Figure 1 ). Average total time to finish smoking a 
cigarette was shorter in SS compared  with  CON (4.5 vs. 5.5 min; 
 p    <   .001).     

 We examined the frequency of  IPI s  ≤ 6 s. SS were twice as 
likely to have IPIs  ≤ 6 s than CON ( OR   =  2.32, 95%  CI   =  1.68, 
3.20;  p    <   .001). SS were also more likely to have   IPIs  ≤ 10 when 
compared  with  CON ( OR   =  2.69, 95%  CI   =  2.24, 3.22;  p    <   .001). 
Using the alternative defi nition of rapid smoking ( three or more  
cigarettes in a short period of time), we examined the frequency 
of smoking  three  or more cigarettes in any 20 - min interval of 
the 24 - hr smoking topography period. SS were twice as likely as 
CON to smoke  three or more  cigarettes in 20 min ( OR   =  2.32, 
95% CI   =  1.03, 2.44;  p    <   .001). There were a total of  six  smokers 
in the dataset who smoked  four or more  cigarettes in any 20 - mi n  
interval (5 SS and 1 CON) and  one  of these (SS) smoked  seven  
cigarettes in a 20 - min interval. 

 We then looked at individuals who exhibited rapid smoking 
behavior ( N    =   21/75 SS and 6/86 CON) using the definition 
of  three or more  cigarettes smoked in 20 min, to see if this group 
was associated with other demographic or smoking characteris-
tics. Rapid smoking was associated with higher baseline ciga-
rettes smoked per day (26.0 v s.  20.0,  t   =  −  2.84,  df   =  159,  p    <   .01), 
total FTND (6.4 vs .  5.5,  t   =  −  2.35,  df   =  159,  p    <   .05) , and  sum-
mary score and baseline CO (25.6 vs. 20.3,  t   =  −  2.46,  df   =  158,  p   
 <   .05). There was no association between rapid smoking and 
serum cotinine values or 3HC/cotinine ratios.   
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 SS report higher levels of negative affect (NA), less positive 
affect ,  a greater anticipation that smoking will relieve NA (QSU 
Factor 2;  Williams et al., 2011 ). QSU Factor 2 (anticipation that 
smoking will relieve negative affect) and PANAS negative scores 
in this study were associated with rapid smoking. This means 
that smoking more intensely (i.e. ,  more frequent puffi ng and 
reduced IPI) may be in response to having less ability to tolerate 
 NA  whether from withdrawal or other reasons. In combination ,  
our fi ndings of higher nicotine intake and rapid puffi ng in SS 
may refl ect an  “ urgency ”  to smoke in these individuals that is 
still poorly understood. 

 Lack of aversive effects is interesting as it relates to a new-
ly described acetylcholine receptor alpha5 subunit single 
nucleotide polymorphism (SNP). This SNP is associated with 
smoking quantity and severity ( Berrettini et al., 2008 ) including 
a lack of aversive effects to high dose nicotine ( Fowler, Lu, 
Johnson, Marks, & Kenny, 2011 ). Animal models similarly 
show that deletion of alpha5 subunits enhances nicotine 
self-administration, supporting their role in nicotine intake 
mechanisms     ( Fowler, Arends, & Kenny, 2008 ). Alpha5 receptors 
are heavily concentrated in the medial habenula, which is being 
investigated as a major regulatory center for nicotine con-
sumption, reward ,  and aversion ( Frahm et al., 2011 ), in addi-
tion to its potential role in psychosis and psychiatric illness. 
Schizophrenia can be conceptualized as the most severe 
example of the disease of nicotine dependence by virtue of 
the repetitive smoking behavior, high nicotine intake, and 
reduced cessation ,  despite evidence of disease and early death 
( Tidey, 2011 ). Clinical similarities can be observed between 
nicotine intake behavior from studies of alpha5 nicotinic 
systems and observational studies of schizophrenia. These 
warrant further studies to explore possible mechanisms of 
high nicotine intake in  SS .   
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