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McCarthy, Majeskie, & Fiore, 2004 ), and may lead to over half 
of all lapses after smoking quit attempts ( Shiffman & Waters, 
2004 ). Similarly, laboratory studies show that negative mood 
acutely increases craving for cigarettes ( Perkins & Grobe, 1992 ) 
and amount of smoking behavior (e.g.,  Conklin & Perkins, 
2005  ;   Rose, Ananda, & Jarvik, 1983 ), although some research 
shows no such effects of negative mood (e.g.,  Weinberger & 
McKee, 2011 ). Smoking responses to negative mood vary in 
magnitude between smokers ( Gilbert, 1995 ), and relatively few 
controlled studies have examined these individual differences. 

 Increased smoking behavior in response to negative mood 
may be greater in those less able to handle subjective feelings of 
negative affect  (NA) , such as smokers low in distress tolerance 
( Brown, Lejuez, Kahler, Strong, & Zvolensky, 2005 ). Low dis-
tress tolerance refl ects several characteristics related to lack of 
persistence with diffi cult or frustrating tasks that elicit psycho-
logical or physical discomfort, wanting to do anything to stop 
distress or feeling upset, etc ( Leyro, Zvolensky, & Bernstein, 
2010  ;   Simons & Gaher, 2005 ). Preventing or relieving feelings of 
 NA  long has been viewed as a key factor in smoking persistence, 
perhaps due to disrupted ability to process information needed 
for goal-directed behavior arising from the resulting distress 
(e.g. ,   Baker et al., 2004 ). For example, smokers who feel less able 
to tolerate adverse emotional experiences may be more prone to 
obtain relief by smoking in response to the experience, indepen-
dent of their degree of tobacco withdrawal or even despite a desire 
to quit ( Brown et al., 2005  ,   2009 ). 

 Perhaps consistent with this notion, smokers lower in 
distress tolerance report greater  NA  in general ( Abrantes et al., 
2008 ) and increased risk for smoking relapse (e.g.,  Brown, 
Lejuez, Kahler, & Strong, 2002 ;  Brown et al., 2009 ). In one 
prospective study, smokers who were less persistent in continuing 
with a frustrating task (mirror   tracing) were less likely to remain 
abstinent  1  year after attempting to quit smoking ( Brandon 
et al., 2003 ). However, it is not clear that lower distress tolerance 
increases smoking behavior in response to negative mood that 
arises from situations other than tobacco abstinence, such as a 
stressor ( Perkins, Karelitz, Giedgowd, Conklin, & Sayette, 2010 ; see 

             Abstract 
   Introduction:     Negative mood situations often increase smoking 
behavior and reward, effects that may be greater among women 
and smokers low in tolerance for distress. 

   Methods:     Adult dependent smokers ( N  = 164; 86 men, 
78 women) fi rst completed measures of distress tolerance via 
self-report and by mirror-tracing and breath-holding tasks. 
They then participated in 2 virtually identical laboratory ses-
sions, involving induction of negative versus neutral mood 
(control) via pictorial slides and music. They rated negative 
affect (NA) before and during mood induction and smoked 
their preferred brand  ad libitum  during the last 14 min of mood 
induction. Our aim was to examine mood effects on NA, smoking 
reward ( “ liking ” ), and smoking intake (puff volume and number) 
as a function of sex and distress tolerance. 

   Results:     Negative mood induction increased NA, as planned, 
and smoking reward and intake compared with neutral mood. 
Increases in NA and puff volume due to negative mood were greater 
in women compared with men, as hypothesized, but no main 
effects of the self-report or behavioral distress tolerance measures 
were seen in responses to mood induction. However, unexpectedly, 
lower self-reported distress tolerance was associated with greater 
smoking intake due to negative (but not neutral) mood in men and 
generally due to neutral (but not negative) mood in women. 

   Conclusions:     Negative mood may increase smoking intake 
more in women compared with men. Yet, low distress tolerance 
may enhance smoking intake due to negative versus neutral 
mood differentially between women and men, suggesting 
that sex and distress tolerance may interact to infl uence smoking 
responses to negative mood. 

       Introduction 
 Experiencing negative mood promotes smoking persistence 
( Gehricke et al., 2007 ), strongly predicts relapse ( Baker, Piper, 
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also  Baker et al., 2004 ). Perhaps similarly, research also questions 
whether nicotine via smoking relieves  NA  that is due to sources 
other than abstinence ( Kassel, Stroud, & Paronis, 2003 ) or if  NA  
infl uences maintenance of smoking in the natural environment 
(e.g.,  Shiffman et al., 2002 ). Therefore, we examined differences 
in smoking responses to negative mood induction in nonabsti-
nent smokers varying in distress tolerance. 

 Subject sex also may be an individual difference infl uencing 
smoking behavior in response to negative mood. Women 
may initiate smoking faster than men during negative mood 
induction ( Weinberger & McKee, 2011 ), although actual smoke 
intake may not differ by sex ( Fucito & Juliano, 2009 ;  Weinberger & 
McKee, 2011 ). Other research has shown that women report 
greater  NA  responses to overnight abstinence and greater relief 
of that  NA  upon smoking a single cigarette compared  with  men 
( Xu et al., 2008 ). Uncertain, then, is whether sex differences may 
infl uence actual smoke intake in response to negative mood, espe-
cially in environmental situations other than abstinence. More-
over, an interaction of sex and distress tolerance on smoking in 
response to negative mood is uncertain, although other research 
suggests that low distress tolerance increases risk of problems with 
alcohol in men and not women ( Simons & Gaher, 2005 ). 

 This study examined the separate and combined infl uences 
of subject sex and distress tolerance on  NA , smoking reward 
( “ liking ” ), and smoke intake (puff number and puff volume in 
ml) in response to negative mood induction compared with 
neutral mood control. We hypothesized that these responses to 
negative mood would be greater in women and among those 
lower in distress tolerance. We also examined, but did not 
hypothesize, the possibility of an interaction of sex with distress 
tolerance. Although both factors together would be expected to 
produce the greatest responses to negative mood in women 
low in distress tolerance, other research on smoking cessation 
treatment attendance suggests that sex and distress tolerance 
may interact ( MacPherson, Stipleman, Duplinsky, Brown, & 
Lejuez, 2008 ).   

 Methods  
 Participants 
 Participants were 164 adults required to smoke 10  or more 
cigarettes per   day  for at least  1  year and who met the  DSM-IV  
criteria for tobacco dependence (updated from  Breslau, 
Kilbey, & Andreski, 1994 ). All were recruited through adver-
tisements in the surrounding community and paid $150 for 
completing the study (plus a small amount for performance 
on mirror   tracing; see below). Means ( ±  SD ) for the 86 men 
and 78 women, respectively, were 28.6 ( ± 11.2) and 28.3 ( ± 9.9) 
years for age, 16.7 ( ± 5.8) and 16.2 ( ± 5.0) for cigarettes per day, 
and 4.4 ( ± 2.2) and 4.8 ( ± 1.9) for  Fagerström  Test  for  Nicotine 
Dependence (FTND;  Heatherton, Kozlowski, Frecker, & 
Fagerström, 1991 ), indicating moderate dependence. Most 
participants were Caucasian (76%), with 13% as  Black , 3% 
Asian, about 1% each as Hispanic or Native American, and the 
remaining (6%) as more than one race. Men and women did 
not differ on any of these characteristics. Excluded were those 
wanting to quit smoking and those reporting current or recent 
(past year) depression or other major psychiatric problems 
requiring treatment.   

 Assessment of Distress Tolerance 
 Because research has suggested differences between self-report 
and behavioral measures of distress tolerance (e.g.,  Leyro et al., 
2010 ;  McHugh et al., 2011 ), we assessed two behavioral mea-
sures related to distress tolerance, in addition to a self-report 
measure ( Simons & Gaher, 2005 ). These were mirror-tracing 
persistence time and breath-holding duration, measures that 
refl ect affective (psychological) and somatic (physical) distress 
( McHugh et al., 2011 ) and have been related to likelihood of 
relapse ( Brandon et al., 2003 ;  Hajek, Belcher, & Stapleton, 
1987 ). All were assessed during the initial 2-hr screening session 
after smoking as usual (see Procedure).  

 Self-report 
 The self-reported Distress Tolerance Scale (DTS;  Simons & 
Gaher, 2005 ) consists of 15 items in four subscales that assessed 
perceived ability to tolerate emotional distress, subjective appraisal 
of distress, attention being absorbed by negative emotions, and 
regulation of efforts to relieve distress. Each item was rated on 
a 1  –  5 scale, anchored by   s trongly    a gree  to   s trongly    d isagree , 
respectively (with 3 anchored by   a gree and disagree equally ) to 
create a single total DTS score (see  Simons & Gaher, 2005 ).   

 Behavioral (Mirror   Tracing, Breath Holding) 
 A computerized mirror-tracing task was employed (e.g.,  McHugh 
et al., 2011 ), in which subjects were instructed to use a computer 
mouse to move a cursor around a monitor to trace over a star 
shape without leaving the shape ’ s lines. They fi rst learned the task 
through simpler  “ practice ”  attempts and were told they would 
earn a small amount of money per second they persisted on the 
mirror-tracing task, in addition to the $150 for study participa-
tion, but could end the task at any time by pressing any key on the 
keyboard. A buzzing noise was presented when errors were made 
(i.e. ,  the cursor left the lines shown on the monitor), and the 
subject had to start the task over. Persistence, adjusted for number 
of errors, was determined by when the subject pressed the key-
board, since all did so (i.e. ,  no one was able to complete the task). 
For breath   holding, subjects were instructed to hold their breath 
for as long as they could while wearing a nose clip (to ensure 
compliance with breath   holding). An experimenter assessed the 
duration with a stopwatch, and monetary reinforcement was not 
provided for the breath-holding task. These measures were based 
on procedures described by others (e.g.,  Brandon et al., 2003 ; 
 Brown et al., 2009 ;  Hajek et al., 1987 ;  Strong et al., 2003 ).    

 Mood Induction 
 Negative mood was induced by combining pictorial stimulus 
slides via computer with mood-congruent classical music, with 
high arousal  “ negative ”  slides adapted from the widely used 
International Affective Picture System (IAPS;  Lang, Ohman, & 
Vaitl, 1988 ). Neutral mood was induced very similarly, with use 
of  “ positive ”  slides from the IAPS and pleasant music to main-
tain participants ’  generally pleasant mood at baseline  (BL)  due 
to their recent smoking (see below). These methods of mood 
induction maintain standardization of procedures and robustly 
differ in reported affect, as reported elsewhere ( Conklin & Perkins, 
2005 ;  Perkins et al., 2008 ;  Perkins et al., 2010 ).   

 Negative Affect 
 Negative affect was assessed via the Mood Form of  Diener and 
Emmons (1984) , which contains  fi ve   V isual    A nalog  S cale items 

distress or feeling upset, etc. (Leyro, Zvolensky, & Bernstein,
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McCarthy, Majeskie, & Fiore, 2004 ), and may lead to over half 
of all lapses after smoking quit attempts ( Shiffman & Waters, 
2004 ). Similarly, laboratory studies show that negative mood 
acutely increases craving for cigarettes ( Perkins & Grobe, 1992 ) 
and amount of smoking behavior (e.g.,  Conklin & Perkins, 
2005  ;   Rose, Ananda, & Jarvik, 1983 ), although some research 
shows no such effects of negative mood (e.g.,  Weinberger & 
McKee, 2011 ). Smoking responses to negative mood vary in 
magnitude between smokers ( Gilbert, 1995 ), and relatively few 
controlled studies have examined these individual differences. 

 Increased smoking behavior in response to negative mood 
may be greater in those less able to handle subjective feelings of 
negative affect  (NA) , such as smokers low in distress tolerance 
( Brown, Lejuez, Kahler, Strong, & Zvolensky, 2005 ). Low dis-
tress tolerance refl ects several characteristics related to lack of 
persistence with diffi cult or frustrating tasks that elicit psycho-
logical or physical discomfort, wanting to do anything to stop 
distress or feeling upset, etc ( Leyro, Zvolensky, & Bernstein, 
2010  ;   Simons & Gaher, 2005 ). Preventing or relieving feelings of 
 NA  long has been viewed as a key factor in smoking persistence, 
perhaps due to disrupted ability to process information needed 
for goal-directed behavior arising from the resulting distress 
(e.g. ,   Baker et al., 2004 ). For example, smokers who feel less able 
to tolerate adverse emotional experiences may be more prone to 
obtain relief by smoking in response to the experience, indepen-
dent of their degree of tobacco withdrawal or even despite a desire 
to quit ( Brown et al., 2005  ,   2009 ). 

 Perhaps consistent with this notion, smokers lower in 
distress tolerance report greater  NA  in general ( Abrantes et al., 
2008 ) and increased risk for smoking relapse (e.g.,  Brown, 
Lejuez, Kahler, & Strong, 2002 ;  Brown et al., 2009 ). In one 
prospective study, smokers who were less persistent in continuing 
with a frustrating task (mirror   tracing) were less likely to remain 
abstinent  1  year after attempting to quit smoking ( Brandon 
et al., 2003 ). However, it is not clear that lower distress tolerance 
increases smoking behavior in response to negative mood that 
arises from situations other than tobacco abstinence, such as a 
stressor ( Perkins, Karelitz, Giedgowd, Conklin, & Sayette, 2010 ; see 

             Abstract 
   Introduction:     Negative mood situations often increase smoking 
behavior and reward, effects that may be greater among women 
and smokers low in tolerance for distress. 

   Methods:     Adult dependent smokers ( N  = 164; 86 men, 
78 women) fi rst completed measures of distress tolerance via 
self-report and by mirror-tracing and breath-holding tasks. 
They then participated in 2 virtually identical laboratory ses-
sions, involving induction of negative versus neutral mood 
(control) via pictorial slides and music. They rated negative 
affect (NA) before and during mood induction and smoked 
their preferred brand  ad libitum  during the last 14 min of mood 
induction. Our aim was to examine mood effects on NA, smoking 
reward ( “ liking ” ), and smoking intake (puff volume and number) 
as a function of sex and distress tolerance. 

   Results:     Negative mood induction increased NA, as planned, 
and smoking reward and intake compared with neutral mood. 
Increases in NA and puff volume due to negative mood were greater 
in women compared with men, as hypothesized, but no main 
effects of the self-report or behavioral distress tolerance measures 
were seen in responses to mood induction. However, unexpectedly, 
lower self-reported distress tolerance was associated with greater 
smoking intake due to negative (but not neutral) mood in men and 
generally due to neutral (but not negative) mood in women. 

   Conclusions:     Negative mood may increase smoking intake 
more in women compared with men. Yet, low distress tolerance 
may enhance smoking intake due to negative versus neutral 
mood differentially between women and men, suggesting 
that sex and distress tolerance may interact to infl uence smoking 
responses to negative mood. 

       Introduction 
 Experiencing negative mood promotes smoking persistence 
( Gehricke et al., 2007 ), strongly predicts relapse ( Baker, Piper, 
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also  Baker et al., 2004 ). Perhaps similarly, research also questions 
whether nicotine via smoking relieves  NA  that is due to sources 
other than abstinence ( Kassel, Stroud, & Paronis, 2003 ) or if  NA  
infl uences maintenance of smoking in the natural environment 
(e.g.,  Shiffman et al., 2002 ). Therefore, we examined differences 
in smoking responses to negative mood induction in nonabsti-
nent smokers varying in distress tolerance. 

 Subject sex also may be an individual difference infl uencing 
smoking behavior in response to negative mood. Women 
may initiate smoking faster than men during negative mood 
induction ( Weinberger & McKee, 2011 ), although actual smoke 
intake may not differ by sex ( Fucito & Juliano, 2009 ;  Weinberger & 
McKee, 2011 ). Other research has shown that women report 
greater  NA  responses to overnight abstinence and greater relief 
of that  NA  upon smoking a single cigarette compared  with  men 
( Xu et al., 2008 ). Uncertain, then, is whether sex differences may 
infl uence actual smoke intake in response to negative mood, espe-
cially in environmental situations other than abstinence. More-
over, an interaction of sex and distress tolerance on smoking in 
response to negative mood is uncertain, although other research 
suggests that low distress tolerance increases risk of problems with 
alcohol in men and not women ( Simons & Gaher, 2005 ). 

 This study examined the separate and combined infl uences 
of subject sex and distress tolerance on  NA , smoking reward 
( “ liking ” ), and smoke intake (puff number and puff volume in 
ml) in response to negative mood induction compared with 
neutral mood control. We hypothesized that these responses to 
negative mood would be greater in women and among those 
lower in distress tolerance. We also examined, but did not 
hypothesize, the possibility of an interaction of sex with distress 
tolerance. Although both factors together would be expected to 
produce the greatest responses to negative mood in women 
low in distress tolerance, other research on smoking cessation 
treatment attendance suggests that sex and distress tolerance 
may interact ( MacPherson, Stipleman, Duplinsky, Brown, & 
Lejuez, 2008 ).   

 Methods  
 Participants 
 Participants were 164 adults required to smoke 10  or more 
cigarettes per   day  for at least  1  year and who met the  DSM-IV  
criteria for tobacco dependence (updated from  Breslau, 
Kilbey, & Andreski, 1994 ). All were recruited through adver-
tisements in the surrounding community and paid $150 for 
completing the study (plus a small amount for performance 
on mirror   tracing; see below). Means ( ±  SD ) for the 86 men 
and 78 women, respectively, were 28.6 ( ± 11.2) and 28.3 ( ± 9.9) 
years for age, 16.7 ( ± 5.8) and 16.2 ( ± 5.0) for cigarettes per day, 
and 4.4 ( ± 2.2) and 4.8 ( ± 1.9) for  Fagerström  Test  for  Nicotine 
Dependence (FTND;  Heatherton, Kozlowski, Frecker, & 
Fagerström, 1991 ), indicating moderate dependence. Most 
participants were Caucasian (76%), with 13% as  Black , 3% 
Asian, about 1% each as Hispanic or Native American, and the 
remaining (6%) as more than one race. Men and women did 
not differ on any of these characteristics. Excluded were those 
wanting to quit smoking and those reporting current or recent 
(past year) depression or other major psychiatric problems 
requiring treatment.   

 Assessment of Distress Tolerance 
 Because research has suggested differences between self-report 
and behavioral measures of distress tolerance (e.g.,  Leyro et al., 
2010 ;  McHugh et al., 2011 ), we assessed two behavioral mea-
sures related to distress tolerance, in addition to a self-report 
measure ( Simons & Gaher, 2005 ). These were mirror-tracing 
persistence time and breath-holding duration, measures that 
refl ect affective (psychological) and somatic (physical) distress 
( McHugh et al., 2011 ) and have been related to likelihood of 
relapse ( Brandon et al., 2003 ;  Hajek, Belcher, & Stapleton, 
1987 ). All were assessed during the initial 2-hr screening session 
after smoking as usual (see Procedure).  

 Self-report 
 The self-reported Distress Tolerance Scale (DTS;  Simons & 
Gaher, 2005 ) consists of 15 items in four subscales that assessed 
perceived ability to tolerate emotional distress, subjective appraisal 
of distress, attention being absorbed by negative emotions, and 
regulation of efforts to relieve distress. Each item was rated on 
a 1  –  5 scale, anchored by   s trongly    a gree  to   s trongly    d isagree , 
respectively (with 3 anchored by   a gree and disagree equally ) to 
create a single total DTS score (see  Simons & Gaher, 2005 ).   

 Behavioral (Mirror   Tracing, Breath Holding) 
 A computerized mirror-tracing task was employed (e.g.,  McHugh 
et al., 2011 ), in which subjects were instructed to use a computer 
mouse to move a cursor around a monitor to trace over a star 
shape without leaving the shape ’ s lines. They fi rst learned the task 
through simpler  “ practice ”  attempts and were told they would 
earn a small amount of money per second they persisted on the 
mirror-tracing task, in addition to the $150 for study participa-
tion, but could end the task at any time by pressing any key on the 
keyboard. A buzzing noise was presented when errors were made 
(i.e. ,  the cursor left the lines shown on the monitor), and the 
subject had to start the task over. Persistence, adjusted for number 
of errors, was determined by when the subject pressed the key-
board, since all did so (i.e. ,  no one was able to complete the task). 
For breath   holding, subjects were instructed to hold their breath 
for as long as they could while wearing a nose clip (to ensure 
compliance with breath   holding). An experimenter assessed the 
duration with a stopwatch, and monetary reinforcement was not 
provided for the breath-holding task. These measures were based 
on procedures described by others (e.g.,  Brandon et al., 2003 ; 
 Brown et al., 2009 ;  Hajek et al., 1987 ;  Strong et al., 2003 ).    

 Mood Induction 
 Negative mood was induced by combining pictorial stimulus 
slides via computer with mood-congruent classical music, with 
high arousal  “ negative ”  slides adapted from the widely used 
International Affective Picture System (IAPS;  Lang, Ohman, & 
Vaitl, 1988 ). Neutral mood was induced very similarly, with use 
of  “ positive ”  slides from the IAPS and pleasant music to main-
tain participants ’  generally pleasant mood at baseline  (BL)  due 
to their recent smoking (see below). These methods of mood 
induction maintain standardization of procedures and robustly 
differ in reported affect, as reported elsewhere ( Conklin & Perkins, 
2005 ;  Perkins et al., 2008 ;  Perkins et al., 2010 ).   

 Negative Affect 
 Negative affect was assessed via the Mood Form of  Diener and 
Emmons (1984) , which contains  fi ve   V isual    A nalog  S cale items 
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rated from 0 ( not at all ) to 100 ( very much ) that yield a NA 
score. NA scale items are  “ depressed/blue ,  ”   “ unhappy ,  ”   “ frus-
trated ,  ”   “ worried/anxious ,  ”  and  “ angry/hostile .  ”  Research has 
shown the validity of this measure for assessing self-reported  NA  
in response to manipulations of mood conditions similar to 
those used here (e.g. ,   Conklin & Perkins, 2005 ;  Perkins et al., 
2010 ). Although the Mood Form also assesses positive affect, 
NA was the focus here because of the objective of comparing 
responses due to negative mood induction (vs .  neutral) under 
nonabstinent conditions.   

 Smoking Intake 
 All smoking was done via the Clinical Research Support System 
pocket version (CReSS; Borgwaldt KC, Inc., Richmond VA; 
  www . plowshare . com  ), which allows for assessment of puff 
volume (in ml) and number, provides puff intake similar to 
that from smoking without the device, and has been used in 
many laboratory studies of smoking (e.g. ,   Blank, Disharoon, & 
Eissenberg, 2009 ;  Perkins et al., 2010 ). These smoking intake 
measures are each highly reliable under similar conditions (in-
traclass correlations of .90 and .92, both  p    <   .001, for puff vol-
ume and puff number, respectively;  Perkins, Karelitz, 
Giedgowd, & Conklin, 2011 ).   

 Procedure 
 This study involved three 2-hr sessions for each participant, the 
fi rst for screening and then two in which negative versus neutral 
mood induction was manipulated within subjects and in coun-
terbalanced order. At the initial screening session, participants 
provided informed consent and completed screening proce-
dures and the self-report and behavioral assessments of distress 
tolerance after having smoked as usual prior to the session. They 
then engaged in the two virtually identical experimental ses-
sions, varying only in whether negative or neutral (control) 
mood was induced. Participants smoked as desired prior to each 
session and one cigarette of their own brand upon arrival. This 
procedure ensured that negative mood induction could not be 
attributed to recent smoking abstinence but rather to the mood 
induction manipulation itself, which was aimed at producing a 
negative mood situation that was not attributable to smoking 
abstinence. 

 Each of the two experimental mood induction sessions 
began with a BL assessment of NA. Following the fi rst 4 min of 
induction of negative or neutral mood, NA was assessed to 
gauge response to mood induction alone (postinduction 1, or 
PI1), relative to BL. Mood induction continued, and subjects 
took  six  puffs on their preferred brand via the CReSS to assess 
smoking reward by rating the cigarette for liking on a single 
item from the Cigarette Evaluation Scale ( Westman, Behm, & 
Rose, 1996 ),  “ How much did you like the puffs you just took? ” , 
scored 0  –  100 (anchored by     n ot at all    to     v ery    m uch   , respectively). 
This measure of reward has high reliability (e.g., intraclass cor-
relation of .88,  p    <   .001, across four similar sessions in  Per-
kins et al., 2011 ). These  six  puffs were taken via computerized 
instructions on puff number and timing to standardize smoke 
exposure between sessions (see  Perkins et al., 2008 ). After con-
tinuing mood induction an additional 4 min, NA was again as-
sessed to determine responses to this standard amount of smoke 
exposure (postinduction 2, or PI2). Subjects were then given 
fi ve of their preferred brand of cigarettes (to make sure they did 

not run out) and allowed to smoke  ad libitum  over the last 14 
min of the mood induction procedure. Smoking behavior (vol-
ume of puff inhalation in ml, puff number) during this 
period was the measure of smoke intake. NA was assessed a fi nal 
time at the end of this  ad lib  smoking period, ending the session 
(post -  ad lib , or PAL). This study was approved by the University 
of Pittsburgh Institutional Review Board.   

 Data Analyses 
 Repeated   measures analyses of variance (ANOVA s ) fi rst deter-
mined NA in response to negative versus neutral mood induc-
tion to verify that the mood induction manipulation produced 
the intended within-subjects difference in  NA  for men and for 
women. Similar analyses were conducted for effects of cigarette 
liking (reward) in response to the  six  standard puffs (at PI2), 
and for  ad libitum  smoking intake (puff volume and number; 
at PAL), all during mood induction. Analyses of covariance 
(ANCOVA s ) were then used to assess the association of distress 
tolerance measures with NA, smoking reward, or smoking 
intake due to mood induction, with the scores for each distress 
tolerance measure as a continuous factor, and FTND as a 
covariate. For all analyses, we examined main and interaction 
effects involving sex, with least-signifi cant difference  t    tests or 
other follow-ups performed where appropriate ( Huitema, 1980 )  . 
(For ease of display purposes only, graphs in  Figure 2  are present-
ed separately by  “ high ”  and  “ low ”  scores on DTS, determined by 
median split separately by sex. As noted, however, all formal data 
analyses examined the infl uence of each distress tolerance mea-
sure as a continuous variable, and not as a dichotomous split.)        

 Results 
 N A , smoking reward, and smoking intake are presented in 
 Figure 1  by negative versus neutral mood induction, separately 
for men and women. Induction of negative mood was clearly 
demonstrated by the greater NA responses to the negative 
(vs .  neutral) mood condition,  F (1,   159) = 65.00,  p    <   .001, for the 
 M ood  ×   T ime interaction. Subjects did not differ in NA at BL, 
prior to negative and neutral mood induction (  M      ±     SE  of 15.3    ±   
 1.2 vs .  17.1    ±    1.4 respectively), and NA increased in response to 
negative mood induction but not to neutral mood induction 
( Figure 1 ), as planned.      

 Responses for Men and Women 
 For NA, the interaction of  S ex  ×   M ood  ×   T ime was signifi cant, 
 F (3,   159)   =   3.93,  p    <   .01, as the increase in NA from  BL  due to 
the negative mood induction was greater for women versus 
men,  F (1,   162) = 13.89,  p    <   .001, while there was no sex differ-
ence in NA response to neutral mood,  F (1,   162) < 1 ( Figure 1 ). 
Regarding smoking responses to mood, smoking reward (lik-
ing) was signifi cantly greater during negative versus neutral 
mood,  F (1,   161)   = 12.77,  p    < .001. This reward effect tended to 
be greater in women than in men, although the interaction of 
 S ex  ×   M ood was only marginally signifi cant,  F (1,   161)   =   2.99, 
 p    =   .086. Smoking intake from the  ad libitum  period was also 
greater during negative versus neutral mood, whether measured 
by   M   ( SE ) intake of puff volume in ml (441.5    ±    23.8 vs .  372.5    ±   
 22.1;  F (1,   162)   =   9.83,  p    <   .01) or in number of puffs (11.7    ±    0.7 
vs .  9.7    ±    0.6,  F (1,   162)   =   9.00,  p    <   .01). Moreover, the increase 
in smoke intake due to negative mood was greater in women 
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than men ,  when assessed by puff volume,  F (1,   162)   =   3.73, 
 p    =   .05, although only marginal when assessed by puff number, 
 F (1,   162)   =   3.05,  p    =   .083. This  S ex  ×   M ood interaction was 
due to a signifi cant infl uence of negative mood on increasing 
puff volume in women,  t (77) = 3.50,  p    <   .001, but not in men, 
 t (85) < 1 ( Figure 1 ). Thus, smoking reward and intake were 
increased by negative (vs .  neutral) mood induction ,  and these 
smoking effects due to mood tended to be greater in women 
versus men, similar to the sex difference in NA response to 
negative mood induction. 

 In exploratory analyses, we examined whether a greater 
increase in NA due to negative versus neutral mood was associ-
ated with the observed subsequent greater smoking reward or 
intake due to the different mood induction conditions in all 
subjects (all  r [162], see  Figure 1 ). The increase from  BL  in NA 
due to initial negative (vs .  neutral) mood induction (before 
smoking, i.e. ,  BL to PI1) was modestly but signifi cantly correlated 
with the subsequently greater smoking reward ( r    =   .15,  p    <   .05) 
and smoking intake ( r    =   .21,  p    <   .01 for puff volume, and  r    =   .19, 

 p    <   .02 for puff number) due to negative mood. In similar com-
parisons, the greater smoking reward (at PI2) due to negative 
(vs .  neutral) mood correlated signifi cantly with the corresponding 
greater smoking puff volume and puff number (at PAL) due to 
negative mood ( r  = .40 and .32, respectively, both  p    <   .001).   

 Responses by Distress Tolerance  
 Self-report DTS 
 On the DTS measure, women reported lower tolerance of 
distress than men, 3.25 ( ± 0.88) versus 3.56 ( ± 0.79), respectively, 
 F (1,   162)   =   5.75,  p    <   .02, as reported by others ( Simons & 
Gaher, 2005 ). NA and puff volume intake responses to mood 
induction as a function of lower versus higher DTS (analyzed in 
continuous fashion) are presented by men and women in  Figure 2 . 
The main effect of DTS was signifi cant for NA,  F (1,   160)   =  
 12.14,  p    <   .001, regardless of mood condition, but the interac-
tions of DTS  ×   M ood and of DTS  ×   M ood  ×   S ex on NA were 
not signifi cant, both  F (1,   160) < 1. The interaction of DTS  ×   S ex 
also was not signifi cant,  F (1,   160)   =   1.45,  p    >   .20. 

   

 Figure 1.        The effects of negative versus neutral mood induction on negative affect, smoking reward (cigarette  “ liking ” ), and smoke intake (puff 
volume in ml, puff number) for men and women. The main effect of mood condition was signifi cant for each of these responses    .    
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rated from 0 ( not at all ) to 100 ( very much ) that yield a NA 
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fi rst for screening and then two in which negative versus neutral 
mood induction was manipulated within subjects and in coun-
terbalanced order. At the initial screening session, participants 
provided informed consent and completed screening proce-
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item from the Cigarette Evaluation Scale ( Westman, Behm, & 
Rose, 1996 ),  “ How much did you like the puffs you just took? ” , 
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not run out) and allowed to smoke  ad libitum  over the last 14 
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tolerance measures with NA, smoking reward, or smoking 
intake due to mood induction, with the scores for each distress 
tolerance measure as a continuous factor, and FTND as a 
covariate. For all analyses, we examined main and interaction 
effects involving sex, with least-signifi cant difference  t    tests or 
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 Results 
 N A , smoking reward, and smoking intake are presented in 
 Figure 1  by negative versus neutral mood induction, separately 
for men and women. Induction of negative mood was clearly 
demonstrated by the greater NA responses to the negative 
(vs .  neutral) mood condition,  F (1,   159) = 65.00,  p    <   .001, for the 
 M ood  ×   T ime interaction. Subjects did not differ in NA at BL, 
prior to negative and neutral mood induction (  M      ±     SE  of 15.3    ±   
 1.2 vs .  17.1    ±    1.4 respectively), and NA increased in response to 
negative mood induction but not to neutral mood induction 
( Figure 1 ), as planned.      
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 For NA, the interaction of  S ex  ×   M ood  ×   T ime was signifi cant, 
 F (3,   159)   =   3.93,  p    <   .01, as the increase in NA from  BL  due to 
the negative mood induction was greater for women versus 
men,  F (1,   162) = 13.89,  p    <   .001, while there was no sex differ-
ence in NA response to neutral mood,  F (1,   162) < 1 ( Figure 1 ). 
Regarding smoking responses to mood, smoking reward (lik-
ing) was signifi cantly greater during negative versus neutral 
mood,  F (1,   161)   = 12.77,  p    < .001. This reward effect tended to 
be greater in women than in men, although the interaction of 
 S ex  ×   M ood was only marginally signifi cant,  F (1,   161)   =   2.99, 
 p    =   .086. Smoking intake from the  ad libitum  period was also 
greater during negative versus neutral mood, whether measured 
by   M   ( SE ) intake of puff volume in ml (441.5    ±    23.8 vs .  372.5    ±   
 22.1;  F (1,   162)   =   9.83,  p    <   .01) or in number of puffs (11.7    ±    0.7 
vs .  9.7    ±    0.6,  F (1,   162)   =   9.00,  p    <   .01). Moreover, the increase 
in smoke intake due to negative mood was greater in women 
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than men ,  when assessed by puff volume,  F (1,   162)   =   3.73, 
 p    =   .05, although only marginal when assessed by puff number, 
 F (1,   162)   =   3.05,  p    =   .083. This  S ex  ×   M ood interaction was 
due to a signifi cant infl uence of negative mood on increasing 
puff volume in women,  t (77) = 3.50,  p    <   .001, but not in men, 
 t (85) < 1 ( Figure 1 ). Thus, smoking reward and intake were 
increased by negative (vs .  neutral) mood induction ,  and these 
smoking effects due to mood tended to be greater in women 
versus men, similar to the sex difference in NA response to 
negative mood induction. 

 In exploratory analyses, we examined whether a greater 
increase in NA due to negative versus neutral mood was associ-
ated with the observed subsequent greater smoking reward or 
intake due to the different mood induction conditions in all 
subjects (all  r [162], see  Figure 1 ). The increase from  BL  in NA 
due to initial negative (vs .  neutral) mood induction (before 
smoking, i.e. ,  BL to PI1) was modestly but signifi cantly correlated 
with the subsequently greater smoking reward ( r    =   .15,  p    <   .05) 
and smoking intake ( r    =   .21,  p    <   .01 for puff volume, and  r    =   .19, 

 p    <   .02 for puff number) due to negative mood. In similar com-
parisons, the greater smoking reward (at PI2) due to negative 
(vs .  neutral) mood correlated signifi cantly with the corresponding 
greater smoking puff volume and puff number (at PAL) due to 
negative mood ( r  = .40 and .32, respectively, both  p    <   .001).   

 Responses by Distress Tolerance  
 Self-report DTS 
 On the DTS measure, women reported lower tolerance of 
distress than men, 3.25 ( ± 0.88) versus 3.56 ( ± 0.79), respectively, 
 F (1,   162)   =   5.75,  p    <   .02, as reported by others ( Simons & 
Gaher, 2005 ). NA and puff volume intake responses to mood 
induction as a function of lower versus higher DTS (analyzed in 
continuous fashion) are presented by men and women in  Figure 2 . 
The main effect of DTS was signifi cant for NA,  F (1,   160)   =  
 12.14,  p    <   .001, regardless of mood condition, but the interac-
tions of DTS  ×   M ood and of DTS  ×   M ood  ×   S ex on NA were 
not signifi cant, both  F (1,   160) < 1. The interaction of DTS  ×   S ex 
also was not signifi cant,  F (1,   160)   =   1.45,  p    >   .20. 

   

 Figure 1.        The effects of negative versus neutral mood induction on negative affect, smoking reward (cigarette  “ liking ” ), and smoke intake (puff 
volume in ml, puff number) for men and women. The main effect of mood condition was signifi cant for each of these responses    .    
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 The main and interaction effects of DTS on smoking reward 
were not signifi cant, all  F (1,   160) ’ s < 1 (and so not shown in 
 Figure 2 ). However, regarding smoking intake, the interaction 
of DTS  ×   M ood  ×   S ex was signifi cant for both smoke volume ,  
 F  ( 1,   160 )    =   11.30,  p    <   .001 ,  and puff number ,   F  ( 1,   160 )    =   11.05, 
 p    <   .001. (Because results were essentially the same for both puff 
volume and puff number, which were highly correlated,  r  = .87, 
 p    <   .001, only results for puff volume by DTS are shown in 
 Figure 2 .) For men, DTS  ×   M ood was signifi cant for puff 
volume ,   F  ( 1,   84 )    =   4.27,  p    <   .05 ,  and puff number ,   F  ( 1,   84 )    =  
 5.52,  p    <   .05. Similarly, among women, DTS  ×   M ood was also 
signifi cant for puff volume ,   F  ( 1,   76 )  =   8.06,  p    <   .01 ,  and puff 

number ,   F  ( 1,   76 )    =   5.56,  p    <   .05. Unexpectedly, these DTS  ×  
 M ood interactions tended to differ in opposite directions 
between men and women. As shown in  Figure 2 , lower distress 
tolerance in men increased smoke intake via puff volume due to 
negative mood ,   F  ( 1,   84 )    =   12.15,  p    <   .01 ,  but not neutral mood ,  
 F  ( 1,   84 )    =   2.40,  p    >   .10. By contrast, lower distress tolerance in 
women marginally increased puff volume due to neutral mood ,  
 F  ( 1,   76 )    =   3.04,  p    =   .085 ,  but had no effect during negative 
mood ,   F  ( 1,   76 )    =   1.10,  p    >   .25. (Note that the only exception 
between these puff number and puff volume results was that 
lower distress tolerance in women did signifi cantly increase puff 
number due to neutral mood,  F  ( 1,   76 )    =   7.56,  p    <   .01.   

   

 Figure 2.        Negative affect  (NA)  and smoking intake (puff volume) of men and women in response to negative versus neutral mood induction, by 
higher versus lower self-reported distress tolerance score (DTS). The main effect of DTS was signifi cant for NA but not other responses. DTS was 
analyzed as a continuous factor but presented here by higher and lower scores (median   split) for clarity of presentation.    
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 Behavioral  T asks 
 In separate analyses, the mirror-tracing and breath-holding 
tasks examining distress tolerance were also analyzed for asso-
ciations with these responses to negative mood induction. None 
of the dependent measures of NA, smoking reward, or smoke 
intake (puff volume or number) were infl uenced by scores on 
mirror   tracing (all  F   ’ s  < 1.11, all  p    > .29) or breath   holding (all 
 F   ’ s  < 1.31, all  p    > 0.25). Mean ( ±  SD ) responses for men v ersu s 
women, respectively, were 347.7    ±    444.6 v ersu s 276.7    ±    464.5 s 
for mirror-tracing persistence and 57.2    ±    17.7 v ersu s 49.5  ± 18.2 s 
for breath-holding duration, although no sex differences were 
signifi cant. These responses are comparable  with  those reported 
in other research (e.g.,  McHugh et al., 2011 ). For all 164 partici-
pants, breath-holding duration was signifi cantly correlated with 
both mirror-tracing time ( r    =   .36,  p    <   .001) and with self-report 
DTS score ( r    =   .18,  p    <   .02), but mirror   tracing was not signifi -
cantly correlated with DTS score ( r    =   .05,  p    >   .10).     

 Discussion 
 Results of our overall fi ndings due to mood induction, excluding 
the individual difference factors of interest, demonstrated that 
negative mood increases smoking reward and smoking intake, 
consistent with some similar studies ( Conklin & Perkins, 2005 ) 
but not others (e.g.,  Weinberger & McKee, 2011 ). As shown in 
 Figure 1 , our results are also consistent with prior fi ndings that 
smoking behavior during causes of negative mood other than 
tobacco abstinence fails to result in subsequent relief of  NA  
(e.g.,  Perkins et al., 2010 ; see also  Baker et al., 2004  and  Kassel 
et al., 2003 ). 

 Regarding the factors of primary interest, we fi rst discuss 
the fi ndings due to subject sex and then those due to distress 
tolerance, since the latter also clearly involved sex differences. 
Importantly,  NA  and smoke intake responses to negative mood 
were generally greater in women compared  with  men, as 
hypothesized. Because exploratory analyses showed that the 
increase in NA due to negative mood was correlated with subse-
quent smoking reward and reward was correlated with subse-
quent smoke intake, the greater smoking response to negative 
mood in women versus men may stem from their greater NA 
response to negative mood. The sex differences in NA responses 
may be consistent with prior research indicating that compared 
 with  men, women report more severe NA in response to over-
night tobacco abstinence ( Xu et al., 2008 ) and that they are 
less able to manage NA during cessation ( McKee, O ’ Malley, 
Salovey, Krishnan-Sarin, & Mazure, 2005 ). However, the fact 
that our mood induction procedure intentionally avoided effects 
due to tobacco abstinence indicates that this sex difference in 
the NA responses of smokers may extend to other causes of 
negative mood situations. 

 The smoking intake results may expand the breadth of sex 
differences in responses to negative versus neutral mood by sug-
gesting that women increase smoke intake more than men 
under such conditions, which has often not been found in 
between-groups studies of mood ( Fucito & Juliano, 2009 ; 
 Weinberger & McKee, 2011 ). Our use of a within-subjects 
design may have enhanced the power to detect mood differ-
ences by sex, since each subject acted as his or her own control 
between mood conditions. On the other hand, future research 
should examine whether similar sex differences in smoking 

responses are observed with other specifi c causes of negative 
mood to determine the generalizability of our sex difference 
fi ndings. 

 Our results for distress tolerance, by contrast, were very dif-
ferent than those above for sex differences alone. We found that 
NA during either mood induction condition was greater for 
those lower in distress tolerance as assessed by the self-report 
DTS ( Figure 2 ), similar to other research ( Abrantes et al., 2008 ). 
Yet, we found no differences due to DTS or the interaction of 
DTS by sex in the NA response to negative mood per se. So, 
contrary to our hypothesis, lower distress tolerance, whether 
assessed by the self-report or behavioral tasks, did not increase 
NA or smoking responses specifi cally to this nonabstinent cause 
of negative mood induction (compared with neutral mood), 
consistent with some prior research ( Perkins et al., 2010 ). 

 Notably, however, smoke intake responses to mood tended 
to run in opposing directions when we combined the factors of 
DTS and subject sex. The interaction of DTS by mood on smoke 
intake (puff volume and number) was signifi cant for men and 
for women but in contrasting manner. While lower distress tol-
erance in men was related to greater smoke intake during nega-
tive mood and not neutral mood, generally the opposite 
interaction was observed in women. For women, lower distress 
tolerance was related to greater puff volume (marginally) and 
puff number (signifi cantly) during neutral mood and not at all 
related during negative mood. One potential implication of 
these results is that distress tolerance and subject sex do not 
combine in additive fashion to increase smoking responses to 
negative mood. 

 An explanation for this pattern of sex differences in the 
way distress tolerance infl uences smoking responses to mood 
is not obvious, particularly since the increase in smoke intake 
due to negative mood was signifi cantly greater in women com-
pared  with  men, collapsing across DTS (bottom of  Figure 1 ). 
Women lower in distress tolerance may be more likely to 
smoke maximally during either mood condition when given 
the opportunity (i.e. ,   “ ceiling effect ” ). If so, a further increase 
in smoking due to negative mood might be diffi cult within a 
prescribed period of time (e.g. ,  the 14-min  ad libitum  smoking 
period of this study). By comparison, women higher in dis-
tress tolerance may generally smoke less during neutral mood, 
allowing greater opportunity to increase smoke intake during 
the negative mood condition (see bottom of  Figure 2 ). Further 
research should examine different intensities of negative 
mood induction, as well as different types and durations of 
induction procedures, to determine whether the sex difference 
in effects of distress tolerance on smoking may depend on 
severity or type of negative mood induction and the duration 
of smoking access. 

 Regarding the different assessments of distress tolerance, we 
found no effects of distress tolerance as measured by the behav-
ioral tasks of mirror - tracing and breath-holding duration com-
pared with some smoking intake results for men and women 
assessed by the DTS self-report measure of distress tolerance. In 
addition, although breath-holding duration was correlated with 
mirror - tracing and self-reported DTS score, DTS and mirror  
 tracing were not signifi cantly correlated, confi rming a clear dif-
ference between self-report and some task measures of distress 
tolerance ( McHugh et al., 2011 ). 
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 The main and interaction effects of DTS on smoking reward 
were not signifi cant, all  F (1,   160) ’ s < 1 (and so not shown in 
 Figure 2 ). However, regarding smoking intake, the interaction 
of DTS  ×   M ood  ×   S ex was signifi cant for both smoke volume ,  
 F  ( 1,   160 )    =   11.30,  p    <   .001 ,  and puff number ,   F  ( 1,   160 )    =   11.05, 
 p    <   .001. (Because results were essentially the same for both puff 
volume and puff number, which were highly correlated,  r  = .87, 
 p    <   .001, only results for puff volume by DTS are shown in 
 Figure 2 .) For men, DTS  ×   M ood was signifi cant for puff 
volume ,   F  ( 1,   84 )    =   4.27,  p    <   .05 ,  and puff number ,   F  ( 1,   84 )    =  
 5.52,  p    <   .05. Similarly, among women, DTS  ×   M ood was also 
signifi cant for puff volume ,   F  ( 1,   76 )  =   8.06,  p    <   .01 ,  and puff 

number ,   F  ( 1,   76 )    =   5.56,  p    <   .05. Unexpectedly, these DTS  ×  
 M ood interactions tended to differ in opposite directions 
between men and women. As shown in  Figure 2 , lower distress 
tolerance in men increased smoke intake via puff volume due to 
negative mood ,   F  ( 1,   84 )    =   12.15,  p    <   .01 ,  but not neutral mood ,  
 F  ( 1,   84 )    =   2.40,  p    >   .10. By contrast, lower distress tolerance in 
women marginally increased puff volume due to neutral mood ,  
 F  ( 1,   76 )    =   3.04,  p    =   .085 ,  but had no effect during negative 
mood ,   F  ( 1,   76 )    =   1.10,  p    >   .25. (Note that the only exception 
between these puff number and puff volume results was that 
lower distress tolerance in women did signifi cantly increase puff 
number due to neutral mood,  F  ( 1,   76 )    =   7.56,  p    <   .01.   

   

 Figure 2.        Negative affect  (NA)  and smoking intake (puff volume) of men and women in response to negative versus neutral mood induction, by 
higher versus lower self-reported distress tolerance score (DTS). The main effect of DTS was signifi cant for NA but not other responses. DTS was 
analyzed as a continuous factor but presented here by higher and lower scores (median   split) for clarity of presentation.    
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but not others (e.g.,  Weinberger & McKee, 2011 ). As shown in 
 Figure 1 , our results are also consistent with prior fi ndings that 
smoking behavior during causes of negative mood other than 
tobacco abstinence fails to result in subsequent relief of  NA  
(e.g.,  Perkins et al., 2010 ; see also  Baker et al., 2004  and  Kassel 
et al., 2003 ). 

 Regarding the factors of primary interest, we fi rst discuss 
the fi ndings due to subject sex and then those due to distress 
tolerance, since the latter also clearly involved sex differences. 
Importantly,  NA  and smoke intake responses to negative mood 
were generally greater in women compared  with  men, as 
hypothesized. Because exploratory analyses showed that the 
increase in NA due to negative mood was correlated with subse-
quent smoking reward and reward was correlated with subse-
quent smoke intake, the greater smoking response to negative 
mood in women versus men may stem from their greater NA 
response to negative mood. The sex differences in NA responses 
may be consistent with prior research indicating that compared 
 with  men, women report more severe NA in response to over-
night tobacco abstinence ( Xu et al., 2008 ) and that they are 
less able to manage NA during cessation ( McKee, O ’ Malley, 
Salovey, Krishnan-Sarin, & Mazure, 2005 ). However, the fact 
that our mood induction procedure intentionally avoided effects 
due to tobacco abstinence indicates that this sex difference in 
the NA responses of smokers may extend to other causes of 
negative mood situations. 

 The smoking intake results may expand the breadth of sex 
differences in responses to negative versus neutral mood by sug-
gesting that women increase smoke intake more than men 
under such conditions, which has often not been found in 
between-groups studies of mood ( Fucito & Juliano, 2009 ; 
 Weinberger & McKee, 2011 ). Our use of a within-subjects 
design may have enhanced the power to detect mood differ-
ences by sex, since each subject acted as his or her own control 
between mood conditions. On the other hand, future research 
should examine whether similar sex differences in smoking 

responses are observed with other specifi c causes of negative 
mood to determine the generalizability of our sex difference 
fi ndings. 

 Our results for distress tolerance, by contrast, were very dif-
ferent than those above for sex differences alone. We found that 
NA during either mood induction condition was greater for 
those lower in distress tolerance as assessed by the self-report 
DTS ( Figure 2 ), similar to other research ( Abrantes et al., 2008 ). 
Yet, we found no differences due to DTS or the interaction of 
DTS by sex in the NA response to negative mood per se. So, 
contrary to our hypothesis, lower distress tolerance, whether 
assessed by the self-report or behavioral tasks, did not increase 
NA or smoking responses specifi cally to this nonabstinent cause 
of negative mood induction (compared with neutral mood), 
consistent with some prior research ( Perkins et al., 2010 ). 

 Notably, however, smoke intake responses to mood tended 
to run in opposing directions when we combined the factors of 
DTS and subject sex. The interaction of DTS by mood on smoke 
intake (puff volume and number) was signifi cant for men and 
for women but in contrasting manner. While lower distress tol-
erance in men was related to greater smoke intake during nega-
tive mood and not neutral mood, generally the opposite 
interaction was observed in women. For women, lower distress 
tolerance was related to greater puff volume (marginally) and 
puff number (signifi cantly) during neutral mood and not at all 
related during negative mood. One potential implication of 
these results is that distress tolerance and subject sex do not 
combine in additive fashion to increase smoking responses to 
negative mood. 

 An explanation for this pattern of sex differences in the 
way distress tolerance infl uences smoking responses to mood 
is not obvious, particularly since the increase in smoke intake 
due to negative mood was signifi cantly greater in women com-
pared  with  men, collapsing across DTS (bottom of  Figure 1 ). 
Women lower in distress tolerance may be more likely to 
smoke maximally during either mood condition when given 
the opportunity (i.e. ,   “ ceiling effect ” ). If so, a further increase 
in smoking due to negative mood might be diffi cult within a 
prescribed period of time (e.g. ,  the 14-min  ad libitum  smoking 
period of this study). By comparison, women higher in dis-
tress tolerance may generally smoke less during neutral mood, 
allowing greater opportunity to increase smoke intake during 
the negative mood condition (see bottom of  Figure 2 ). Further 
research should examine different intensities of negative 
mood induction, as well as different types and durations of 
induction procedures, to determine whether the sex difference 
in effects of distress tolerance on smoking may depend on 
severity or type of negative mood induction and the duration 
of smoking access. 

 Regarding the different assessments of distress tolerance, we 
found no effects of distress tolerance as measured by the behav-
ioral tasks of mirror - tracing and breath-holding duration com-
pared with some smoking intake results for men and women 
assessed by the DTS self-report measure of distress tolerance. In 
addition, although breath-holding duration was correlated with 
mirror - tracing and self-reported DTS score, DTS and mirror  
 tracing were not signifi cantly correlated, confi rming a clear dif-
ference between self-report and some task measures of distress 
tolerance ( McHugh et al., 2011 ). 
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 One clear strength of this study was the greater statistical 
power due to use of a within-subjects design, to allow for stronger 
comparison of responses due to negative versus neutral mood 
induction. A similar strength was use of a fairly large sample ,  so 
that we could examine sex differences and distress tolerance, 
separately and combined, on responses to mood. Third, smokers 
smoked their own nicotine cigarette brand in unblinded fashion 
to better capture how these participants might respond to nega-
tive mood in the natural environment. Our use of both self-
report and behavioral measures of distress tolerance may also be 
a strength ( McHugh et al., 2011 ), although distress tolerance may 
have had greater effects on smoking responses to mood if it had 
been assessed with other measures (e.g. ,   Brown et al., 2009 ). 

 Limitations of this research include the possibility that 
stronger effects of distress tolerance on smoking responses to 
negative mood may have been found in smokers with current 
mood dysregulation problems (e.g. ,  major depression, panic 
disorder; see  Fucito & Juliano, 2009 ) or in smokers preparing to 
quit ( Brown et al., 2009 )  . Also, as noted, our results could differ 
if smoking is assessed over a longer duration of exposure to neg-
ative mood or if negative mood varies in intensity or is caused by 
other types of situations. Results may differ as well for smokers 
who are older or generally higher in dependence than our sample 
or if subjects ’  distress tolerance level is assessed after a period of 
tobacco abstinence rather than smoking as usual ( Bernstein, 
Trafton, Ilgen, & Zvolensky, 2008 ). Finally, although smoking 
here involved access to one ’ s own brand without blinding, to 
increase generalizability to smoking in the natural environment, 
fi ndings could differ if smokers are blind to cigarette brand. 

 In conclusion,  NA  and smoking in response to experiencing 
negative versus neutral mood may be greater in women than 
men. Low distress tolerance was related to heightened  NA  
under both mood conditions. Although distress tolerance may 
not have effects on the responses of all smokers to this negative 
mood induction, it may moderate smoking responses to mood 
conditions differently between women and men. Thus, the 
infl uences of subject sex and distress tolerance on smoking 
responses to negative mood may not be additive but rather interact 
in unexpected fashion.   
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 One clear strength of this study was the greater statistical 
power due to use of a within-subjects design, to allow for stronger 
comparison of responses due to negative versus neutral mood 
induction. A similar strength was use of a fairly large sample ,  so 
that we could examine sex differences and distress tolerance, 
separately and combined, on responses to mood. Third, smokers 
smoked their own nicotine cigarette brand in unblinded fashion 
to better capture how these participants might respond to nega-
tive mood in the natural environment. Our use of both self-
report and behavioral measures of distress tolerance may also be 
a strength ( McHugh et al., 2011 ), although distress tolerance may 
have had greater effects on smoking responses to mood if it had 
been assessed with other measures (e.g. ,   Brown et al., 2009 ). 

 Limitations of this research include the possibility that 
stronger effects of distress tolerance on smoking responses to 
negative mood may have been found in smokers with current 
mood dysregulation problems (e.g. ,  major depression, panic 
disorder; see  Fucito & Juliano, 2009 ) or in smokers preparing to 
quit ( Brown et al., 2009 )  . Also, as noted, our results could differ 
if smoking is assessed over a longer duration of exposure to neg-
ative mood or if negative mood varies in intensity or is caused by 
other types of situations. Results may differ as well for smokers 
who are older or generally higher in dependence than our sample 
or if subjects ’  distress tolerance level is assessed after a period of 
tobacco abstinence rather than smoking as usual ( Bernstein, 
Trafton, Ilgen, & Zvolensky, 2008 ). Finally, although smoking 
here involved access to one ’ s own brand without blinding, to 
increase generalizability to smoking in the natural environment, 
fi ndings could differ if smokers are blind to cigarette brand. 

 In conclusion,  NA  and smoking in response to experiencing 
negative versus neutral mood may be greater in women than 
men. Low distress tolerance was related to heightened  NA  
under both mood conditions. Although distress tolerance may 
not have effects on the responses of all smokers to this negative 
mood induction, it may moderate smoking responses to mood 
conditions differently between women and men. Thus, the 
infl uences of subject sex and distress tolerance on smoking 
responses to negative mood may not be additive but rather interact 
in unexpected fashion.   
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